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Section I. General instructions—Articles 31-1 to 31-85, inclusive.
Part 1. Organization—Articles 31-1 to 31-26, inclusive,
Part 2. Shore communication stations—Articles 31-27 to
31-68, inclusive,
Part 3. Reports—Articles 31-69 to 31-85, inclusive.
Section II. Spark transmitters—Articles 31-160 to 31-228, inclu-
sive, '
Part 1. General—Articles 31-100 to 31-102, inclusive.
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103 to 31-149, inclusive,
Part 1. Theory—Articles 31-103 to 31-108, inclusive.
Part 2. Description—Axrticles 31-112 tc¢ 81-125, inclu-
sive,
Part 3. Operation—Articles 31-129 to 31-133, inclusive.
Part 4. Installation—Article 31-136.
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clusive.
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sive,
Part 4., Operation—Articles 31-177 to 31-181, inclu-
sive.
Part §. Faults and remedies—aArticles 31-185 to 31188,
inclusive,
(C) Motor buzzer transmitters—Articles 31-200 to 31-228, in-
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sive,
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Section IV. Vacuum tube transmitters—Articles 31-325 to 31-
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to 31-338, inclusive.
Part 1. General—Articles 31-325 to 31-326, inclusive.
Part 2. Theory—Articles 31-327 to 31-338, inclusive.
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Part 2. Radio compass—Articles 31-424 to 31-426, in-

clusive,
Part 3. Interphones—Articles 31-427 to 31-430, inclu-
sive.
(C) Emergency communication—Articles 31-431 to 31-433,
inelusive,
Section VI. Receiving equipment—Articles 31-450 to 31-823, in-
clusive,

Part 1. General—Articles 31-450 to 31-451, inclusive.
(A) Receivers—Articles 31-452 to 31-500, inclusive,
Part 1. General—Articles 31-452 to 31-455, inclusive.
Part 2. Description—Articles 31-456 to 470, inclusive.
Part 3. Operation—Articles 31-471 to 31490, inclusive.
Part 4. Installation—Articles 31491 to 31-493, inclu-
sive.
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Section VI, Receiving equipment—Continued.
Part 5. Care—Article 31-494.
Part 6. Repair—Articles 31-495 to 31-496, inclusive.
Part 7. Faults and remedies—Articles 31-497 to 31-
500, inclusive.
(B) Amplifiers—Articles 31-525 to 31-538, inclusive.
Part 1. General-—Articles 31-525 to 31-526, inclusive.
Part 2. The audio-frequency amplifier—Articles 31
527 to 31-531, inclusive.
Part 3. The radio-audio-frequency ampiifier—Articles
31-532 to 31-538, inclusive,
(C) Vacuum tube detectors—Articles 31-550 to 31-566, in-
clusive,
Part 1. General—Articles 31-550 te 31-551, inclusive,
Part 2. Description—Articles 31-552 to 31-559, inclu-
sive,
Part 3. Gperation—Articles 31-560 to 31-564, inclusive,
Part 4. Faults and remedies—Articles 31-565 to 31-5686,
inclusive,
(D) Radio-frequency drivers—Articles 31-575 to 31-594, in-
clusive,
Part 1. General-—Articles 31-575 to 31-578, inclusive.
Part 2. Theory—Articies 31-579 to 31-581, inclusive,
Part 3. Description—Articles 31-582 to 31-589, inclu-
sive,
Part 4, Operation—Articles 31~-530 to 31-53%, inclusive.
Part 5. Faults and remedies—Articles 31-593 to 31-
594, inclusive,
(E) Special equipment for increasing selectivity—Articles
31-625 to 31-737, inclusive.
(1) The Acceptor-rejector circuit-—Articles 351-625 to
'31-663, inclusive.
Part 1. General—Articles 31-625 to 81-626, in-
clusive,
Part 2. Theory—Articies 81-627 to 31-633, in-
clusive,
Part 3. Description—Articles 31-634 to 31-650,
inclusive,
Part 4. Operation—Articles 31-652 to 31-857, in-
clusive.
Part 5. Faulis and remedies—Articles 31-658 to

(2) The model RE receiving equipment—Articles 31—
6735 to 31-698, inclusive,
Part 1. General—Articies 31-675 to 31-677, in-
clusive,
Part 2. Theory—Articles 31-678 to 31-681, in-
clusive,
Part 3, Description—Articles 31-682 to 31-691,
inclusive,
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Section VI, Receiving equipment—Continued.
Part 4. Operation—Articles 31-692 to 31-693, in-
clusive,
Part 5. Faults and remedies—Articles 31-694 to
31-698, inclusive.
(3) The tuned telephone—Articles 31-725 to 31-737,
inclusive,
Part 1. General—Articles 31-725 to 31-728, in-
clusive.
Part 2. Theory—Article 31-727.
Part 3. Description—Articles 31-728 to 31-732,
inclusive.
Part 4, Operation—Articles 31-733 to 31-734, in-
clusive,
Part 5. Faults and remedies—Articles 31-735 to
31-737, inclusive.
(F) Wavemeters—Articles 31-750 to 31-772, inclusive.
Part 1. General—Articles 31-750 to 31-757, inclusive,
Part 2. Description—Articles 31-759 to 31-762, inclu-
sive,
Part 3. Operation—Articles 31-763 to 81-766, inclusive,
Part 4. Faults and remedies—Articles 31-767 to 31-772,

inclusive,
(G) Miscellaneous apparatus—Articles 31-800 to 31-823, in-
clusive.

Part 1. Telephones—Articles 31-800 to 31-8035, inclu-
sive.

Part 2. Crystal detectors-—Articles 31-806 to 31-810,
inclusive.

Part 3. Vacuum tubes—Articles 31-811 to 31-815, in-
clusive,

Part 4. Condensers—Articles 31-816 to 31-820, inclu-
sive.

Part 5. Inductances—Articles 31-821 to 31-823, inclu-
sive,

Section VII. Batteries—Articles 31-850 to 31-864, inclusive,
Part 1. General—Article 31-850.
Part 2. The type SE 3535A dry battery—Articles 31-851 to
21-857, inclusive.
Part 3. The Edisen ¢ B battery—Article 31-858.
Part 4. The Edison “A” battery—Articles 31-859 to 31-8690,
inclusive,
Part 5. Power storage batteries—Articies 21-851 to 31-864,
inclusive.
Section VIII, Field sets—Articles 31-875 to 31-898, inclusive,
Part 1. General—Articles 31-875 to 31-877, inclusive.
Part 2. Description—Articles 31-878 to 31-883, inclusive.
Part 3. Operation—Articles 31-884 to 31-889, inclusive.
Part 4. Faults and remedies—Articles 31-890 to 31-826, in-
clusive,
Section IX. Radio compass equipment—Articles 31-800 to 31-998,
inclusive,
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Section IX. Radio compass equipment—Continued.

Part 1. General-—Articles 31-900 to 31-905, inclusive,

Part 2. Theory—Articles 31-906 to 31-913, inclusive,

Part 3. Description—Articles 31-914 to 31-926, inclusive,

Part 4. Installation of radio compass equipment on U. S. naval
vessels—Articles 31-927 to 31-928, inclusive,

Part 5. Installation of U. S. naval radio compass shore sta-
tions—Articles 31-829 to 31-948, inclusive.

Part 6. Calibration of ship radio compass installations—Ar-
ticles 31-949 to 31-967, inclusive,

Part 7. Calibration of U. S. naval radio compass shore sta-
tions—Articles 31-968 to 31-980, inclusive,

Part 8. Operation—Articles 31-981 to 31-983, inclusive.

Part 9. Faults and remedies—Articles 31-984 to 31-986, in-
clusive,

Part 10. Testing of circuits and apparatus—Articles 31-987 to
31-998, inclusive,

SECTION I.—GENERAL INSTRUCTIONS,

PART 1.—ORGANIZATIOXN,

31-1. The Bureau of Engineering is responsible under the law Malntenance
and operation of
Coast Signal

Coast Signal Service, and funds are annually appropriated to it Service.

for the maintenance, material supply, and construction of the

by Congress for this purpose.

31-2. The Coast Signal Service comprises all mediums of rapld
signaling operated by the Navy for the exchange of commumca-
tions between the Navy Department, the Naval Organization on
shore, and the Atlantic, Pacific, and Asiatic Fleets and their
auxiliaries, including aireraft,

31-3. The functioning of the Coast Signal Service is effected
through the Naval Communication Service. The administration
of the Naval Communication Service is under the cognizance of
two Bureaus, namely:

(1) Bureau of Navigation, for personnel, and of the Office of
Naval Operations (Director Naval Communications), for
operation and traffic.

(2) Bureau of Engineering, for maintenance, material supply,
and construection.?

81-4. The instructions contained in this Manual will cover only
lmaintenance, material supply, and construction under the cogni-
zance of the Dureau of Bugineering, which inciudes the establish-
ment of new communication units and also matters pertaining to
investigational, research, design, and development work, patents,
requisitions for and manufacture of equipment, inspections, in-
stallation and testing, alterations and repairs, the preparation
and distribution of technical instructions and data covering the
care and operation of radio and sound apparalus and other com-
munication facilities.

! The Bureau of Yards and Docks assists in connection with architec-
ture and construction contracts.

(‘ onst Siznal
ervice.

Administration

of

Naval Com-

munication Serv-
ice.

Bcope of Man-

ual,
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Communication  31-5, The communication activities under the Bureau'’s cog-
activities, nizance as outlined in the preceding article can be grouped uuder
four general heads, namely:

(1) Radio—Telegraph, telephone, compass, beacon.

(2) Sound.

(8) Homing pigeons.

(4) Land lines—Telegraph, telephone, control, comprising part
of shore communication stations.

mg ﬁ‘,‘:{'::,‘““““"“ 31-6. These communication facilities are depended upon by the
Navy, either wholly or in part, in connection with all ship, shore,
) and aircraft activities.
o o Hssion of B 31-7. The mission of the Bureau of Engineering, with respect
neering, to these communication facilities, is:

(1) To prepare, provide, and maintain. in condition for con-
tinuous efficient service these mediums of communication, so as
to meet the requirements of the Fleets, in order that the latter
may be eficiently and economically managed in time of peace, and
efiicienily maneuvered in time of war.

(2) To aid in the preservation of life and property at sea and
in the air.

(3) To serve other governmental activities and the general
public within the limitations imposed by Congress.

Radlo Divi- 81-8. The administration and functioning of the Naval Com-
ston, munication Service, with respect to maintenance, material supply,
and construction, is effected through the Radio Division of the
Bureau, the organization of which, and the personnel engaged,
under normal conditions. being indicated in Figure 31-1.
Delegation of 31-9. Many of the units comprising the Naval Communication
autherily ot 13" Service are situated in widely separated and isolated localities.
Complicated machinery and apparatus are installed at these sta-
tions, and thev require the attention of skilled mechanics. To
meet its responaibilities tnder these conditions certain material
and maintenance activities are delegated to the commanding
officers of ships directly, or through the commander in chief, and
to commandants of designated navy yvards for accomplishment by
the radio material officers attached to the yards.
tssignment of  31-10. Yards at which radio material officers have been as-
Fers. m*‘g“;‘;;l «igned and the territory to be covered by these yards for com-
of yards. munication maintenance, material supply, and construction ue-
tivities are indicated below:

Radio material cfficer, navy vard, Boston: First naval {strict
excepting the navy yard, Portsmouth.

Officer detailed hy engineer officer, navy vard, Port=mouth:
Within the limits of the Portsmouth vard.

Radio materinl officer, navy yard, New York: Third naval dis-
trict and, in addition, the West Indies (assistant to Radio ma-
terial officer. navy vard, New York; for West Indies, San Juan).

Radio material officer, navy vard, Philadelphia: Fourth naval
district.

Ttadio material officer, navy vard, Norfolk : Fifth naval district,
excepting activities along the Severn and Potomac Rivers.

Radio material officer, navy yard, Washington : Activities along
the Severn and Potomac Livers within the fifth naval district.
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Radio material officer, navy yard, Charleston: Sixth naval

district.
Radio material officer. naval station, Key West: Seventh naval
district.

Radio material officer, naval station, New Orlean~: Eighth
naval district.

Radio material officer, ninth naval district, Great Lukes:
Ninth naval distriet.

Radio material officer, navy yard, Mare Island: Eleventh and
twelfth naval districts.

Radio material officer, navy yard, Iuget Soumd: Thirteenth
naval district.

Radio material officer, naval station, Pearl Harbor: IFourteenth
naval district.

Radio material officer, fifteenth naval distriet, Canal Zone: TFif-
teenth naval district including naval radio stations in the Republic
of Panama.

Radio material officer, naval station, Cavite: Sixteenth naval
district, including the Peking and Vladivostok stations.

Officer detailed by engineer officer, naval station, Guam: Within
the limits of the naval station, Guan.

Officer detailed by engineer officer, naval station, Tutuila:
Within the limits of the naval station Tutuila.

Supervisor, Trans-Pacitic high-power circuit, navy yard, Mare
Island: All high-power stations within the eleventh, twelfth,
fourteenth, and sixteenth naval districts comprising this circuit.

Correspond- 381-11. Correspondence relating to communication maintenance,
ence. material supply, and construction will be direct between the Bu-
reau and commandants of maintenance yards except in conuection
with vessels at sea. In the latter case, correspondence will be
direct between the' Bureau and the commanders in chief and
commanding officers, copies being forwarded to the commandants
of the vessels’ home vards, and to the responsible unit commanders
in the fleets.
Provistions S1-12. The Bureau will cause to be maintained, under the in-
:!llggf’ for opera- qustrial department, machinery division of these designated yards
and stations, and at other points as may be necessary, adequate
facilities for radio material officers to insure the provision, func-
tioning, and coordination of the communication maintenance, ma-
terial supply, and construction facilities of the Naval Communica-
tion Service.
”g‘i‘;”;;‘{;'ﬂ"uf‘ 31-13. The function of radio material officers is to supervise
officers. and coordinate all maintenance, material supply, and construction
activities in connection with radio, sound, pigeon, and land line
facilities relating to ship, shore, and aircraft communication serv-
ice within the territory assigned by the Bureau to the yards to
which they are detailed. It is the Bureau’s desire that all person-
nel regularly engaged in communication maintenance, material
supply. and construction work—that is, radio draftsmen, assistant
radio inspectors, radio inspectors, radio laboratorians, radio aids,
sound aids, pigeon experts, etc.—report directly to the radio mate-
rial officer in connection with research, design, manufacturing,
testing, installations, tuning; in general, all communication main-
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tenance, material supply, and construction work for which the
vard is made responsible by the Bureau. Manufacturing work car-
ried on in shops by other than communication personnel should be
subject to inspection and approval by the radio material officers
prior to its acceptance for service.

31-14. The duties and responsibilities of radio material officers Dutles of radlo

material officers.
are:

(1) (a) To supervise and direct the activities of the radio labo-
ratory and the work of the radio laboratory and field
personnel.

(b) To cooperate with other departments concerning the
prosecution of work for, or affecting, the communi-
cation service, which may be carried on in other de-
partments or by other than communication techniecal
personnel.

(2) To maintain the shore communication stations assigned to
their yards in condition for continuous eflicient operation, making
necessary arrangements to utilize the station personnel for this
purpose as far as practicable without interfering with their oper-
ation and traffic or other duties.

(3) To perform minor items of repair work, tuning. etc.,, on
vessels in port upon the request of the commanding officers, and
major items of alterations, repairs, etc, as directed by the
Bureau.

(4) To supervise the initial installations on vessels and air-
craft at builders’ yards as directed by the Bureau.

(3) To perform minor items of repair work, tuning, etc., on
aircraft as requested by the commanding officers of air stations
or other proper authority, and major items of alterations, repairs,
etc., as directed by the Bureau.

(8) To supervise inspections of shore communication stations
over which they have jurisdiction. Radio material officers will
make at least every alternate quarterly or periodical inspection
except when authorized not to do so by the Bureau of Engineer-
ing. Two or more consecutive quarterly or periodical inspections
of shore communication stations will not be made by the same
vard representative, other than the radio material officer, unless
autborized by the Bureau.

(7) To make recommendations as deemed necessary to main-
tain these stations in condition for continuous eflicient operation.

(8) To furnish estimates covering expenditures in connection
with: (@) The ordinary maintenance, material supply, and cou-
struection of shore comunication stations, {(b) repairs, (¢) altera-
tions, (d) the establishmeunt of new stations, which come under
the jurisdiction of the industrial department, machinery division.

(9) To obtain estimates covering expenditures in connection
with shore communication stations from other departments having
cognizance of work contemplated.

(10) Tv waintain close supervision of all expenditures made
from funds of the Bureau of Engineering in connection with the
Naval Conumunication Service within their territory to the end
that the service may be maintained as economically as possible,
consistent with efficiency, and that overexpenditures of allot-



31-10

CHAPTER 31,

ments do not occur. This will involve cooperating with the
Accounting Officer and estimating costs where actual figures are
not immediately available,

(11) To cooperate with the Supply Officer as regards the stock
of communication material and equipment required and on hand,
to the end that sufficient material and equipment may be available
to meet the requirements without involving unnecessary purchases
or carrving excessive quantities of material and equipment in
stock, particularly that which may become obsolete, and prevent-
ing deterioration of equipment due to improper care while in
storage.

(12) To cooperate closely with the district communication
superintendents to insure continuous efficient service and economy
of cperation in matters other than personnel and traftic.

(13) To confine expenditures in connection with communication
matters, over which they have supervision, to the projects author-
ized annually and to the authorized expenditures under the main-
tenance allotments as appropriated and authorized.

(14) To cause to be carried on such research, experimental,
development, test and other work as may be assigned to their
yards from time to time by the Bureau of Engineering.

(15) To direct the maintenance, material supply, and construe-
tion of shore communication stations, by correspondence or other-
wise, through the officers in charge and the personnel of the sta-
tiens. furnishing copies of any correspondence to the district com-
munication superintendents having jurisdiction over the stations
for operation and traffic,

(16) To prepare correspondence addressed to officers in charge
of shore communication stations, and others, regarding other than
routine matters for the approval and signature of their immediate
superior.

f17) To assigh competitive marks to shore communication
stations Lased on the condition of the station as indicated by the
service rendered, the economical operation of the station in mat-
ters of material and the general condition of all material at the
stations as diselosed by the inspections.

(18) To pass on all requisitions and requests for supplies or
services at shore communication stations which involve expendi-
tures under the appropriation “ Engineering” and to obviate
unessentinl expenditures,

(19) To provide instruction for the personnel of shore commaut-
rication stations with reference to maintenance. material supply,
and construction subjects and also for the communiecation ner-
sonnel of <hips in port when sa directed.

(20) To coordinate all communieation maintenance, material
supply. and construction work relative to radio, sound, and pigeon
facilities utilized by the Naval Communication Service in counec-
tien with ship, shore, and aircraft activities, within the tervitory
over which they have supervision.

(21) To arrange for survey of worn out or damaged material
and equipment, and for its replacement where necessary and
authorized,
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(22) To inaugurate methods of procedure for carrying on the
detail work as regards maintenance, material supply, and con-
struction matters between shore communication stations and their
maintenance yards. This will include routine correspondence and
reports, establishment of allowances of expendable supplies for
the various stations, shipments and deliveries of material and
supplies, inventories, records, ete.

31-15. Activities in connection with communication maintenance, Activities in
material supply, and construction matters involving action on the;‘zﬂ;‘:“ﬂx;ar;_m
part of other Bureaus or agencies of the Department or other gov-
ernmental agencies, will be handled in conjunction with or through
the agencies (or their representatives) having jurisdiction. For
example, the Bureau of Construction and Repair for ship con-
structural work, the DBureau of Yards and Docks for public
works, the Bureau of Aeronautics for aircraft installations, the
Major General Commandant for Marine Corps communication
activities, the Bureau of Lighthouses for light vessel installa-
tions, district commandants and commanding officers of outlying
activities for administrative purposes, etc.

31-16. Communication maintenance, material supply, and €on- y ivities with
struction matters in connection with ships are handled in the fol-ships.
lowing manner :

(1) Initial installations on new ships are made at the builders’
vards under the supervision of radio material ofticers of desig-
nated yards prior to the commissioning of the vessels.

(2) Maintenance and repair work and tuning on ships in port
will be accomplished by radio material officers upon request of
the commanding officer. New installations, alterations, or ex-
tensive repairs will be approved by the Bureau of Engineering
prior to undertaking the work.

(8) Work on ships at sea is accomplished by radio officers, or
as directed by the commanding officers, the commaunders in chief,
or unit ecommanders through the commanding officers.

31-17. Communication maintenance, material supply, and COD- Activities with
struction matters in connection with communication units on shoresbore units.
are supervised by radio material officers of yards to which the
units have been assigned for maintenance.

31-18. Communication maintenance, material supply, and con- Activities wiih
struction matters in connection with aircraft activities based onipirft shore
shore are supervised by radio material oflficers of the yards to
which the activities have been assigned by the Bureau. Radio
material officers, in such cases, act as the liaison officer under the
yard and district commandants and the commanding ofticer of the
air stations.

31-19. Communication maintenance, material supply, and con-  Activities with
struction matters in connection with aircraft at sea with the ﬂeetmmln atseae
are supervised in a manner similar to that followed for ship sta-
tions as outlined in article 31-16.

31-20. All tests and experiments in connection with communi-
cation apparatus and facilities will be conducted as directed by
the Bureau of Engineering, care being exercised always to
avoid any interference with operation and tratfic matters under
the jurisdiction of the Director Naval Communications.

Toests,
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Activitlies 31-21, Communication maintenance and material activities
sfloat. afloat are under the jurisdiction of the commanders in chief, force
commanders, squadron commanders, division commanders, and
commanding officers in the order named, who, in turn, may dele-
gate the detail work to the officers assigned to radio duties.

81-22. The administration of the maintenance, material supply,
and construction work of the Coast Signal Service, as recards ex-
penditures, is effected under a budget system. Recommendations,
with estimates, are submitted to the Bureau, periodically, from
which the funds required for the annual routine maintenance,
material supply, and construction of individual communication
units are determined as are those required for other than routine
repairs, replacements, alterations, and the establishment of new
units.
pell:;?tg‘fr"g.O' €= 31-23. The annual program of expenditures, which absolutely

limits the expenditures for all communication maintenance, mate-
rial supply, and construction activities for a fiscal year, i~ made
up as follows:

(@) Recommendations for the annual Alaskan Radio Expedi-
tion covering other than routine repairs, replacements, altera-
tions, and the establishment of new shore communication units in
Alaska. These recommendations should be in the Bureau not
later than December 1 of each year.

(b) Recommendations for the annual routine maintenance, ma-
terial supply, and construction of individual shore communication
units. These recommendations should be submitted by all mainte-
nance yards so as to reach the Bureau not later than March 15 of
each yeur.

(¢) Recommendations covering other than routine repairs,
replacements, alterations, and the establishment of new shore
communication units to be submitted by maintenance yards for
all shore communication units (other than the Alaskan stations).
These recommendations should be submitted by all maintenance
yards so as to reach the Bureau not later than March 15 of
each year.

(d) Recommendations by commanding officers of ships cover-
ing allowances required for expendable communication supplies
for their vessels, and also aireraft which may be attache:d thereto,
and repairs, replacements, alterations, and new installations,
These recommendations should be submitted through their imme-
diate superiors for forwarding to the Bureau through the vessels’
home yards so as to reach the Bureau not later than March 15
of each year,

(e) Recommendations by commanding officers of naval air sta-
tions covering allowances required for expendable communication
supplies for aircraft assigned to their stations, and repairs,
replacements, alterations and new installations. These recom-
mendations should be submitted through the vard having juris-
diction over communication maintenance. material supply, and
construction activities at the air station, so as to reach the Bureau
not later than March 15 of each year.

pngggltlsl'c works  31-24. Funds for public works projects in connection with
shore communication stations.are allotted to the Bureau of Yards
and Docks for accomplishment under contract or by utilizing
labor and material of the staticns’ maintenance yard.

Coast Signal
Service budget.
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81-25. Ordinary repair and preservation work at shore com- Repairs.
munication stations which is under the jurisdiction of the
public works department will be accomplished by that depart-
ment under the stations’ maintenance allotment when so directed
by the commandant,

81-26. It is the Bureau’s desire that close cooperation exist Cooperation
between the public works department and the radio materlalw‘;‘:{(‘:‘gnd"r";gl‘g
officer in connection with all public works matters pertaining tomaterial officer.
shore communication stations and particularly as regards the
plans for new work and expenditures authorized from this
Bureau’s appropriation.

PART 2.—SHORE COMMUNICATION STATIONS.

31-27. Shore communication stations comprise all communica- Shore stations,
tion facilities established on shore and operated by the Naval
Communication Service, including light vessels equipped with
radio.

31-28. The Bureau of Engineering is responsible for all ex- piic.. respon-
penditures pertaining to the grounds, buildings, antenna supports,sibility.
ete.; the improvements in connection with shore communication
stations and the establishment of new units in the chain of sta-
tions of the Coast Signal Service,

31-29. Maintenance, material supply, and construction activities Shore activi-
on shore are directed by the Bureau through navy yards andties.
naval stations designated as maintenance yards for shore com-
munication activities to which radio material officers have been
assigned as assistants to the engineer officers under the com-
mandants,

31-30. Shore radio and pigeon stations which are situated g iioms withe
within maintenance yards will be administrated for maintenance, in  malntenarco
material supply, and construction matters in the usual manner by o
radio material officers under the authority of the engineer officer
and commandant.

31-31. Shore radio and pigeon stations which are situated gp.i10n¢ with-
within naval air stations will be administrated for maintenance, 1;1 nsmﬂ ajr sta-
material supply, and construction matters by their maintenance )
vards. The radio material officers of the maintenance yards will
act as joint liaison officers under the yard and distriet com-
mandants and the commanding officer of the air station for com-
munication material matters at these stations.

31-32. Shore radio and pigeon stations which are situated out- Statlons ont-
side of the limits of the yard to which they have been assignedside yard, hut
for maintenance, and which are not within the limits of a navali“r'i‘c';f“ naval dis-
air station, but are within the limits of a naval district, will be
administrated for maintenance, material supply, and construction
by their maintenance yards, the radio material officer acting as
the radio material representative for the district commandant.

31-33. Shore radio and pigeon stations which are situated out- Stations omnt-
side the limits of maintenance yards to which they are assignedside naval dis-
for maintenance, and which are also outside the limits of air'Fiet:
stations, naval districts, and Marine Corps detachment areas, will
be administrated for maintenance, material supply, and construc-
tion by their maintenance yards, the radio material officers in such
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cases acting as the radio material representative for the com-
mandant or other officer having jurisdiction over the stations in
question.

Stations part 31-34. Shore radio and pigeon stations, other than strictly
of Marine Corps portable or field stations, which are established as part of the

activities of a Marine Corps detachment, and which are designated
as forming part of the chain of coastal communication stations
of the Naval Communication Service, are assigned maintenance
vards in the usual manner. These stations will be administrated
for maintenance, material supply, and construction matters by
their maintenance yards in a manner similar to that followed in
connection with other stations of the chain of shore communica-
tion stations, the radio material officers in such cases acting as
the radivo material representative for the officer in command of
the Marine Corps detachment.

ﬁ‘;}e‘l (‘f)i‘t;s. of 31-35. The Naval Communication Service is not directly con-
cerned in the portable or strictly field communication stations
owned, maintained and operated by the Marine Corps at marine
camps or in the field, therefore the Bureau is not responsible for
maintenance, material supply, and construction matters pertaining
to such stations. Conmmmunication material and equipment, including
homing pigeons, required by the Marine Corps for use at such field
stations, however, will be supplied by the Bureau upon request;
payment for such material and equipment, excepting homing
pigeons, to be made by transfer of funds. Homing pigeons fur-
nished the Marine Corps for use at field communication stations
will remain the property of the Bureau, to be returned when their
services are no longer required.

Light vessel 31-36. Light vessel radio stations are assigned maintenance

radio stations. yards in the usual manner and will be administrated for mainte-
nance material supply, and construction matters by their mainte-
nance yards in a manner similar to that followed in connection
with other stations of the chain of shore communication stations.
Radio material officers will act as the radio material representa-
tive for the district commandants and cooperate with the Bureau
of Lighthouses district superintendents having jurisdiction over
the light vessels.
31-37. Maintenance, material supply, and construction work at

Repalry by . . . . i .
shore stationShore communication stations will, when required, be performed by
personnel, station personnel in accordance with orders issued by the radio
material officers and in accordance with the general approval of the
commandants or other officers having jurisdiction over the station
personnel,

81-388. Care will be exercised by radio material officers with a
view to having minor items of work within the capacity of the
station force performed by the station personnel at all stations,
without interfering with their operation and traffic or other
duties, rather than incurring the expense of sending working
parties from the maintenance yards or awarding contracts to
local firms.

Expenses of 31-39. The expenses of the offices of district communication
superinteadents. Superintendents, Pacific coast communication superintendent and

Philippine communication superintendent will be paid from the

Niner repairs.
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maintenance allotments of the district center station, The ex-
penses of communication offices at navy yards and stations will
be paid from the maintenance allotments of the radio station at
such navy yard or station.

31-40. The radio material officer attached to the industrial de- Supervisor

partment, machinery division, of the navy yard, Mare Island, will ;;’g’;!‘l":ﬂ;er"“ﬂﬁ}_’
perform additional duties under the commandant, navy yard, cult.
Mare Island, as * supervisor, trans-Pacific high-power ecircuit.”
This circuit will be designated for this purpose as consisting of
all high-power radio stations (100-kilowatts and above and their
controlling stations) in the eleventh, twelfth, fourteenth, and six-
teenth naval districts. These additional duties will consist of
acting in an advisory capacity to the Bureau of Engineering and
the maintenance yards and stations concerned, with a view to
coordinating all material matters in connection with the mainte-
nance in condition for continuous efficient operation of, and im-
brovements to, the circuit. The supervisor is not authorized to
make expenditures,

31-41. Officers in charge of shore communication stations are Responsibillty
responsible for the proper care and preservation of the property glfm(;gfer :)f 98‘;&“:
comprising their stations as well as the efficient functioning of tion.
the equipment. Every endeavor must be made to operate the
stations as economically as possible consistent with efficient serv-
ice, cleanliness and preservation of Government property.

31-42. An inventory will be kept available for inspection of all

public property at each shore communication station, radio labo-
ratory, and sound laboratory. The inventory will include de-
scriptive data, means of identification, and cost or valuation, nrop-
erly arranged by classes as land with roads and walks, fences,
antenna supports, buildings and other structures, household and
oflice furniture and furnishings, - apparatus, tools, vehicles, ete.
This inventory will not include expendable supplies, but a sepa-
rate record of such supplies showing periodical receipts and ex-
penditures will be kept at the stations for observation and
checking.

31-43. The officer in charge of a communication station will be Accountability
held accountable for all Government property belonging to his f{ar‘;gffj"s‘t "‘:
station or placed under his care by proper authority. He will tion.
receipt for all articles invoiced to his station upon receiving and
accepting the articles.

31-44. Upon assuming control of a radio station the officer in  goport by sta-
charge shall immediately report the fact to the maintenance yard tlon officer on
in writing. He shall report any discrepancies between the items of s charse.
public property on hand and those called for by the inventory,
and shall call attention to any items in poor condition, the respon-
sibility for which might be a subject of inquiry by an inspect-
ing officer.

31-45. Upon being relieved, the officer in charge shall inspect paties when
the station with his successor, giving the latter complete details Peing relleved.
of the condition of all property at the station, including grounds,
antenna supports, buildings and other structures, furniture and
furnishings, machinery and equipment; furnish full information
concerning the eapabilities of the station, the method of obtaining

83156°—22—2
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supplies, etc., and transfer the station to his successor. The latter
shall acknowledge the receipt of same, noting any discrepauncies
over his signature in the inventory records, and assume control
of the station.

Transfer of 381-46, Whenever practicable, it is desired that transfer of
officers. . . . .

officers in charge of shore communication stations be made when
the radio material officer or his representative can be present,
but without involving unnecessary travel, in order that the main-
tenance vard may have first-hand knowledge of the actual condi-
tion of the station at the time of transfer.

Appropriation  31-47. The differentiation between wire communication facili-
for wire lines, . . . . .

ties provided for shore communication stations for payment out
of the appropriation * Engineering” and that out of “Pay
miscellaneous ”’ will be as follows:

(1) All wire, telegraph, telephone, control signaling or special
trafic facilities, provided at shore communication stations for
the operation of the stations and all similar facilities provided
for the actual handling, relay, receipt or delivery of the radio
traffic incident to the operation of the stations, are properly
chargeable to the appropriation “ Engineering.”

(2) All wire communication facilities provided at shore com-
munication stations exclusively for the administration of the
stations or the convenience of the personnel, are properly charge-
able to the appropriation “ Pay miscellaneous.”

(8) Wire communication facilities which have been provided
to operate the stations or handle the traffic incident to the opera-
tion of the stations and which are also authorized used in con-
nection with the administration of the stations, or for the con-
venience of the personnel, will be charged to the appropriation
¢ Engineering.”

Inspection of 31-48. (1) Inspections of shore communication stations as re-
stations. . . R .

gards maintenance, material supply, and construction will be made
by radio material officers having jurisdiction over the stations at
quarterly or other authorized periodical intervals, and more fre-
quently when found advisable. This report shall be called the
Material Inspection Report of the U. 8. Naval Radio Station
(name).

(2) Inspections of shore communication stations by radio mate-
rial officers, so far as they have to do with public werks and
publie utilities, shall not conflict with the annual inspection of
public works and public utilities required of public works officers
by the Bureau of Yards and Docks.

Tnspection re- . s . . .
ports of shore JS1-49. Inspection reports of shore communication stations will
statlons. be submitted by the commandants to the Bureau in duplicate

and copies furnished for information to the district communica-
tion superintendents, Atlantic coast communication superintendent,
Pacific coast communication superintendent and Philippine com-

Inspection n_munic:xtinn superintendent having jurisdiction over the stations.
gort of trams- S1-50. Inspection reports of stations of the trans-Pacific high-
;‘0‘;‘:‘; fstiactl(?r’fh- power circuit will he submitted in quadruplicate and forwarded

via the commandant, navy yard, Mare Island, for information of
the supervisor, trans-Pacific bigh-power circuit. One copy of
report will be retained in the files of the supervisor, one copy
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will be furnished the Pacific coast communication superintenden,
for information, and the original report and duplicate copy with
endorsements will be forwarded to the Bureau of Enginecering.

31-51. Material inspection reports shall cover the following Scope of ma-
points: lerial inspection.

(1) Condition of station grounds as regards the efficient fune-
tioning of the station.

(2) Condition of antenna system, including antenna supports
and accessories.

(3) Ground system, in so far as it can be inspected.

(4) Condition of buildings, tanks, and other structures other
than antenna supports.

(5) Condition of roads and walks.

(6) Provision for preventing station going out of commission
due to carrying away of antenna during storms, collection of
sleet, etc., including provisions made for duplicate antenna, or
antenna material, hoisting gear, ete.

(7) Condition of power equipment on the station, including
steam boilers, engines, engine-driven generators, power lines and
transformers, storage batteries, ete.

(8) Condition of transmitting equipment and accessories, in-
cluding motor generators.

(9) Condition of receiving equipment and saccessories, includ-
ing storage batteries.

(10) Fire prevention facilities.

(11) Result of check of station inventory with maintenance
yard records.

(12) Method, care, and preservation of records on station per-
taining to station material.

(18) Condition of plumbing and heating facilities.

(14) Water supply.

(15) Sanitation.

(16) Neatness and cleanliness of property and material com-
prising the station.

(17) Expenses in connection with maintenance, material sup-
ply, and construction of the station.

(18) Condition of machine tools and small tools and facilities
for making repairs locally.

(19) General transportaticn facilities.

(20) Condition of motor vehicles and other land transporta-
tion facilities. ’

(21) Condition of motor boats and other water transportation
facilities.

(22) Surveys.

(23) Maintenance, material supply, and construction, educa-
tional facilities and knowledge of station personnel regarding
cemmunication, technical matters, and their ability to make re-
pairs,

(24) Condition of control and communication land lines com-
prising part of the station.

(25) Repairs, alterations, or improvements made by station
rersennel since last inspection.

(26) Repairs, alterations, or improvements made by yard force
gince last inspection.
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(27) Repairs, alterations, or improvements under avay, or au-
thorized to be made by station or yard force.

(28) Familiarity of station personnel with contents of Bureau's
monthly radio report.

(29) Discrepancies, if any, in station’s authorized transmit-
ting wave lengths.

(80) Defects in material requiring immediate attention and
not previously reported, and action taken or recommended.

(31) Defects in material not previously reported and which
should be rectified as soon as possible with recommendations
where necessary.

(32) Defects in material not previously reported and not urgent
which will be given consideration in the annual recommendations,

(33) A list of outstanding recommendations which have been
submitted to the Bureau and upon which no action has heen
taken, or upon which action by the Bureau is not complete, such
as new apparatus due, ete.

(34) Condition of recreational facilities, including small arms
and ammunition furnished for the protection of the station.

(35) General condition of the station as a whole as regards
maintenance, material supply, and construction matters and
whether or not the condition of the station appears to be due to
the zeal and ability or the neglect and inefficiency of the officer
in charge, giving name and rank or rating of the officer in charge.

31-52. With the following exceptions, the inspection report as
submitted need contain only such of the items enumerated in the
preceding articles as the inspecting officer may desire to comment
on. Reference to items which are found to be entirely satisfactory
need not be made in the inspection report, The exceptions are
subparagraphs (6), (16), (17), (23), (25), (26), (27), (28), (29),
(30), (31), (82), (33), (34), and (35) of the preceding article.

31-53. All material inspection reports without exception, how-

l)'ever, shall contain a paragraph stating whether the station is

considered to be in condition for continuous efficient operation
under all circumstances, and if not, what action is contemplated,
underway, or recommended to insure its maintenance in condi-
tion for continuous efficient operation.

31-54. Material inspection reports shall indicate which quarter
of the fiscal year, or other authorized period, is covered, and by
whom the inspection is made.

31-55. If material inspection reports contain comments or
recommendations pertaining to activities coming under the juris-
diction of departments, other than the industrial department,
machinery division, of the maintenance yards, full report of the
action taken or contemplated by these departments, with esti-
mates where necessary, shall be obtained prior to forwarding
correspondence to the Bureau of Engineering.

31-56. Close cooperation shall be maintained with the distriet
communication superintendents in connection with inspection
reports, with a view to insuring the maintenance and operation of
the station in an efficient and economical manner, within their
allowances, and of insuring that the stations are satisfactory from
an operation point of view. JMaiuntenance and new constructional
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werk which might cause interruption to the Naval Communication
Service will not be undertaken at any shore communication sta-
tion without the approval of the district communication super-
intendent.

31-57. After an inspection of a shore communication station by
a representative of the Department a copy of the report as fur-
nisked to the Bureau will be also furnished the radio material
cifficer, via the commandant, for information.

31-38. Requests or requisitions by officers in charge of shore
communication stations for material and supplies will be sub-
mitted to or through the radio material officer of their mainte-
nance yards, If the radio material officer having supervision
over a shore communication statien is assigned to a yard or sta-
tion other than the maintenance yard of the communication sta-
tion, officers in charge shall submit requests or requisitions for
material and supplies to their maintenance yard via the office of
the radio material oflficer having supervision over the station.

31-59. Repairs, other than urgent, and alterations, are to be
requested of commandants by radio material officers with recom-
mendations.  If necessary, commandants will obtain the approval
of Bureau of Engineering before undertaking the work.

31-60. Expenditures in connection with muintenance and upkeep

for efficient operation of shore communication stationg may be
nuthorized by commandants of maintenance yards, under the sta-
tions’ maintenance allotments, without previous reference to the
Bureuu of Enginecring, provided the expenditures for any one
iect do not exceed $200. If the expenditures for any one
preject are likely to exceed this figure, the approval of the Bu-
reau of Engineering and the Department will be obtained before
andertaiking the work. In no case will a shore communication
tation’s maintenance allotment be overdravn without first
chtaining the approval of the Bureau of Engineering.
31-61. Correspondence which may be exchanged hotween officers
in charce of shore communication stations and supply ofificers
relating to bids, local contracts, open purchases, shipments, cte,
sheuld always be routed via the radio material officer having
Iurisdiction over matters of material at the station.

51-62, Following is a list of the existing shove communicarion
tions of the Naval Communication Service showing the names
v stations, kKind of service rendered. naval district in which
Iocated, if any. assizned muintenance vard, and the command
Baving jurisdiction over the individual stuticns:

s
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Maintenance

Station. Kind, District. yard. ‘ Commanl.
Portsmouth....... T-R...... First...... Portsmouth...| Commandantnavy yard,
Portsmouth.
Sea Wall........... .| Commandant first naval
district.
Bar Harbor........ Do.
Do....... aee Do.
Cape Elizabeth. ... Do.
Portland . Do.
Chelsea.... .. . Do.
Navy yard Commandant navy ysard,
Boston.
Gloucester......... Commandant first naval
dlstrict.
Deer Island......... Do.
Fourth Cliff....... C... .. . Do.
Radio Laboratory.| Exp (R)..l... Commandant navy yard,
Boston.
North Truro....... C(T) (R).I... Commandant first naval
district.
Chatham.......... C......... Do.
Doeoiaaa ... T-TI-R Commanding officer na-
i val air station, Chat-
! ham.
Surfside........... PCa e 1s DA PR do....... Commandant first naval
: district.
Navalaviation..... Pgn....... do. ...l do....... Commanding officer na-
| val air station, Chat-
! ham.
Prices Neck....... Coieeenns Commandant first naval
district.
Melville........... 4 R P Do.
C. Hbr. Island..... Roeevnnnnn Do.
Light VesselNo. 3 .| T-R Do.
Light Vessel No. 5 .| T-R Do.
Light VesselNo.20.| T-R Do.
Light VesselNo.41.| T-R Deo.
Light Vessel No.42.| T-R Do.
Light VesselNo.47.| T-R. Do.
Light Vessel No.73.] T-R. Do.
Light Vessel No.54.| T-R Do.
Light Vessel No.66.| T-R. Do.
Light Vessel No.74.| T-R Do.
Light Vessel No.85.| T-R Do.
Light Vessel No.86.| T-R. Do.
Light Vessel No.90.] T-R. Do.
Light Vessel No. 4..] T-R. . Do,
Navy yard........ Toverannn. .| Commandantnavy yard,
New York.
Sandy Hook....... [ 7N JR' (\ S (R Commandant third ra.
val district.
Fire Island........ Do.
Amaganbbtt . ! Do.
Do.
South Ferry Build- Do.
mng
Radlo Laboratory.| Exp (R)..[...do....oifeenes do....... Commardant navy yard,
New York.
Sayville........... Teannn. s 1 S . do....... Commandart third na-
valdistrict.
Buffalo............ Do.
Light VesselNo.68. Do.
Light Vessel No.87. Do.
Light Vessel No.11. Do.
Light Vessel No.48. Do.
Light Vessel No.23.| T Do.

Light Vessel No. 39
Light Vessel No. 79

Light Vessel No. 69
Light Vessel No. 44
Light Vessel No. 78

Light Vessel No. 16
Cayey..oominnnnnns
San Juan......

Giuantanamo

Do.....
Navassa Tsland .
Port au Prince..

.t Commanding offi

Commandant third na-
val district

| Commandant fourth na-

val distrier.
Do.
Do.

_V'Commandant thtrd na-

val district.
Do.
Covernor VirginIslands.
Do.

.| Commandant naval sta-

tion, Guantanamo,
Do.
Do.

cer, Ma-

rine detacament,
1ro.
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Station.

Maintenance

District. vyard.

Command.

Marine land force ..

Navy yard......... T

Radio laboratory ..
Marine land force..

Cape May....

Bethany Beech....

Caﬁe Henlopen....; C

akehurst
Do........

Naval aviation.....
Mantoloking. ......
Annapolis......... T.........
Naval Academy...| T-R......
Arlington.......... T...oo....
Navy yard.........| T-Tf......
Navy Department.| R.........
Radiolaboratory...| Exp. (R)
Anacostia..........0 Coeolll

Radlolaboratory. .
Navalaviation.....

Quantico.......... T-R

Marine land force.
Dahlgren...... .
Indian Head
Naval Proving
Grounds.

Navyyard........ Teeeeo..

Hampton Roads...| R......._.

Virginia Beach....| C.........
Do............

Hog Island........ C

Poyners Hill. . .. __
Naval Aviation....

Radlo Laboratory -

Baltimore.........

Cape Lookout .....
Morehead City.....
Light Vessel No. 468
Light Vessel No. 52.
Light Vessel No. 72.
Light Vessel No. 80.
Light Vessel No.101
Light Vessel No. 91.
Light Vessel No. 49.
Navy yard

Charleston. ........

Radio Laboratory .:
Folly Island....... :
I

North Island
Tybee Island .
Savannah

EXp(R)...|...
C(TY(R)..|...
L(;)(R)

\e\\ York.
...do....

Fifth...... Norfolk.......
do.... ]l do........
Jdo.....].. do........

'| Commandant

Gov]e)rnor Virgin Islands.

. 0.
Military Governor San

Domingo.
D

.. 0.
.| Commandant navy yard,

Philadelphia.
Do.

Commandmg officer Ma-

rine detachment.
Commandant fourth na-
val district.

. (‘ommandmg officer Na-

val air station, Lake-
hurst.
Do.

Do.
.| Commandant fourth na-

val district.
Superintendent Naval
vcademy (R. M. 0.
é\avy Yard, W ashmg-
Superintendent  Naval
Academy.

.| Department.

Commandant navy yard,
‘Washington.

.| Department.

Commandant navy yard,
Washington.

.| Commanding officer na-

val air staticn, Ana-
costia.

Do.

Do.

.| Commanding officer Ma-

rine detachment.

Commandant navy yard,
Norfolk
Commandant Nav al
Base, Hampton Roads.
Commandant fifth naval
district.
Do.
Do.
Do.
Naval
Base, Hampton Roads.
Comxmandani navy yard,
Norfolk.
Commendant fifth naval
district.

Commandant navy yard,
Charleston.
Commandantsixthnaval
district.
Commandant nav v vard,
Charleston.
Commeandant sixth naval
distriet.
Do.
Do.
Do.
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Maintenance

Station. Kind District. yard. Command

Port Royal..... T-R-Edu.{ Sixth.._... Charleston. ... Commanding Officer,
Marine detachment.

Light Vessel No.84.| T-R. . do......|..... do. ...| Commandantsixthnaval
district.

Light Vessel Ne¢. 94, Do.

Light Vessel No. 1. Do.

Light Vessel No. 34. Do.

Light Vessel No. 53. Do.

Naval Station.....

Key West. .

Jupitor Inlet.......
Jupiter...... ..
St. Augustine

Pensacola.......... C

Do
Naval Aviation....
Naval Station.....

Radio Laboratory.
Pass a Loutre......

Grand Island......
Burrwood

Light Vessel No. &1.
LightVesselNo.102,
Great Lakes.......

Neaval Training. ...
Radio Laboratory..
Milwaukee.........
Mamsmluc ..
hag]e Harbor

Duluth
White Fish Point. .

(irand Marias...... C

Detour Point......
Mackinac Island...
Alpena............
Thunder Bay Is-
land.

Detroit............
Cleveland._........
Air Mail Field.....
Darien......oo.....

Balhoa.
Colon. .
Coco ol

Naval Aviation. ...

s
Cape Mala......... ']

Puerto Obaldia. ...

LaPalma..........!' T

Mabnagué..........

Chollas Heights....

.| Commandant naval sta-

tion, Key West.

. Commfmdmg officer Na-

val air station, Pensa-
cola.

Do.

Do.

.| Commandant naval sta-

tion New Orleans.
Do.

... Commandant eighth

Commandant
ninth naval
district.

Commandant
fifteenth na-
val district.

Naval district.
Do.
Do.
Do.
Do.

Commandant ninth
naveal district.

Do.

Do.

Do.
Commanding officer
Great Lakes Radio
School.
Commandant ninth
naval district.

Do.

Do.

Do.

Do.

Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Commandant f{ifteenth
naval district.

Do.
Do.

.| Commanding officer Coco

Solo Naval Air Station.

. Do.
.l Commandant fifteenth

naval district.
Do.

Do.
Commanding Officer Ma-
rine detachment.
Commandant cleventh
naval district.
Do.
Do.

.| Commanding Oflicer Na-

val Air Station North
Island.



Station.

Imperial Beach....

Navial Aviation...

Inglewood.........

fan Pedro. ........

Point Fermin......

Point Hueneme....
Point Arguello.....
Farallones.........

Point Montara...

Bird Island......

Toint Reyes.....

Beach San Fran-
cisco.

South San Fran-

cisco.
Mare Island M. P..

Mare Island H. P..
Yerba Buena..

Radio Scheol......
Radio Laboratory .

Eureka............

Do.cennnnnn...
Light Vessel No. 70.
Light Vessel No. &3.
Light VessclNo. 76.
Marshiield. .

Empire. ...
North Head
Fort Stevens.
ticcan Park...
Astoria. ...
Seattle........ .
Keyport...........

Puget Sound......

Radio Laboratory .
Neanh Bay.........

Tatoosh. . .........!
Do............
New Dungeness. .
Port Angeles. ... ..
Cattlo Pomt

ngh* Vessel No. 93 i
Light Vessel No, &8
nght Vessel No, 92

Soapstone Point.
Hinchenbrook.....
Kodiak .
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T-R-C..

C(TY(RY -.|10:
C(T)(R)...| .

C(TYR) ..

CITYR) ..|.0]
C(T)(R) P DN

(‘ (TYR)..

C(THR)..IT7
T-R.....

Cape Sarichef Light Tf

Seoteh Cap Tight |
st George.........

St.Paul........... I
Pearl Harbor. .....|

. Maintenance
District. vard. | Command.
Eleventh .| Mare Island .., Commandant cleventh -
| _naval district.
RO s /o MRS PR do.........; Commanding Officer Na-

PR [, AU PR s [« R

doifeaen do.........

..do....... PR (R
do.ceo.feeandon
.do....... R 1 XN

doaifet [ 1o TP
¢ U TN S do.........

[+ Lo MU PO do.......
ORI s 1 TOUUY PPN do.........
PR (o TR PO do........

.| Commandant

o Do.

val Air Station North
Island.
Commandant
naval district.
Commanding O fficer
Submarine Base San
Pedro.

cleventh

cleventh
naval district.

Commandant tw elfth
naval district.

Commandant navy yard
Mare Island.
Do.

Commandant Naval
Training Station, San
Francisco.

Do.

Commandant navy vard

Mare Island.

.i Commandant twelfth

naval district.
Do.

Do.

Comnandant thirteenth
naval district.
Do.

Do.
Dao.

Commandant Naval Tor-
pado Statien.

. Commandax i navy yard

Puget Sound.
D

o.
Commandant thirteenth
naval distriet

bupermtendent light.
houses, Ketchikan.

Commandant thirteenth
naval district.

.do
“Fourteenth Pearl Harb
|

Do.

., Commandant Naval Sta«

J tion, Pearl Harbor.

31-23
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Station. Kind. District. Maix;;(r‘gance Command.
Airbase........... KV PR Fourteenth! Pearl Harbor .| Commanding officer

Naval Air Base, Pearl
Harbor.

Heeia............. [ . R T DA PO do........ Commandant fourteenth
naval district.

‘Wailupe .- Do.

Naval aviation. ...’ eesdoiiiiioaidoal Commanding officer

Naval Air Base, Pearl
Harbor.

Radio Laboratory. Lxp (R)..l...do........... do........ Commandant Naval Sta-
; tion Pearl Harbor.
(07 () R TR Tutuila....... Commandant Naval Sta-
i tion, Tutuila.
Tutuila............0 A 2 O P do........ Do.
Guam............. P A Guam........ Commandant Naval Sta-
; i tion, Guam.
: i Do.
Do.
Marine aviation. . . Do.
Cavite............. Commandant sixteenth
~ naval district.
Los Banos......... . 0.
Olongapo.......... .{ Commandant Naval,
Station, Olongapo.
Vladivostok....... Commander in chief Pa-
: cific Fleet.
Do.
Do.
Do.

Kind of sie 31-63. The key to the kind of stations is as follows:
tions. B-Radio beacon service (no stations yet in com-
mission).
C-Radio compass receiving stations.
Edu-Communication educational service.
Exp-Radio research and experimental station.
L-Land line communication station only.
Pgn-Homing pigeon station.
R-Receiving and control station (local or remote).
T-Radio telegraph transmitting station.
Tf-Radio telephone station.
Livlng guar- (T) (R)-Stations equipped for transmitting and receiving
ters. although nominally not traffic stations.
51-64. Living quarters will be provided for the personnel of
<hore communication stations which are located outside of a
naval or military reservation. Married operators’ quarters will
he provided where possible to accommodate married personnel of
the rating of chief radioman or higher, but the bureau will not
authorize tlie construction of new married operiators’ quarters to
accommodate married personnel holding ratings below chief
radioman except in very special cases.
Standard sl 01-63. Following is the standard allowance of house furnish-

lowance of far- inos gt shore communication stations:
nizhings.

OFFICER IN CHARGE QUARTERS.
(Gunner or radioman in charge.)

PAROR OR LIVING ROOM.
1 carpet, rug pattern. 5-frame body. Brussels or Wilton.
2 chairs, upholstered, hardwood frame.
© armchairs (as above) ; one rocking-chair can e substituted for one of
the armchairs,
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sofa or davenport (as above),

library table, hardwood.

set of window shades and fixtures for each window.

stove, heating, coal, wood, or gas (when required).
bookease, small (or bookrack).

set of scrim curtains with rod and fixtures for each window.

b pet bt ek ped b

DINING ROOM.

1 carpet, rug pattern, 5-frame body, Brussels or Wilton.

1 dining table (6-foot cxtension, 48-inch pedestal), round or square, oak,
any finish.

sldeboard, with or without mirror, wood to match above, not less than
54 inches long.

chairs. wood to match above.

side table.

set of window shades and fixtures for each window.

dinner plates, chinaware,

coffee cups and saucers, chinaware.

soup plates, chinaware.

tumblers, glass.

water pitcher, glass.

meat platters, chinaware.

vegetable dishes, chinaware.

salt shakers, glass.

pepper shakers, glass.

mess bowls, chinaware.

cream pitcher, chinaware.

butter dish, chinaware,

butter knife, plated ware.

sirup pitcher, glass.

sugar bowl, chinaware.

gravy ladle, plated ware.

table knives. plated ware.

table forks, plated ware.

teaspoons, plated ware.

soup spoons. plated ware.

tablecloths, cotton, white.

12 napkins, cotton.

1 carving set.

2 dinper platters, chinaware.

1 set of scrim curtains with rod and fixtures for each window.

[

LoD DN W b = ORI D00 RS

MAIN HALL,

carpet, 5-frame body, Brussels or Wilton.

mirror and table.

set of window shades and fixtures for each window.

set of serim curtains with rod and fixtures for each window.

)

EACH SLEEPING ROOM,

sheets, seamless, plain, white, cotton.

piliowecases. plain, white, cotton.

blankets. wool, plain.

bedspreads, cotton.

1 sct of scrim curtains with rod and Gxtures for cach window,

1 carpet, rug pattern, 5-frame body, Brussels or Wilton.

1 bedstead of enameled iron with one set of springs and one matiress,
1 dresser, bureau or chiffonier, with wirror, oak or wahoganized birca.
1 table, small.

1 chair, as above, cane or wood seat.

1 rocker.

1 et of window shades and fixtures for each window.

2 piliows.

4

4

3

2
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UPPER HALL.

carpet, 3-frame body Brussels or Wilton.

stair carpet, 5-frame body Brussels or Wilton, including pads.
set of window shades and fixtures for each window.

st of scrim curtains with rod and fixtures for each window.

BATH.

rug, small.

chair, white enameled.

medicine cabinet with mirror,

set of window shades and fixtures
for each window,

KITCHEN, I

range, cooking, coal, wood, or gas.

rofrigerator,  top  ive.  to
about 100 pounds, white opalite
glass lining.

kitchen table

kitchen chairs,

door foot mats,

ezg beater.

broiler.

meat fork.

meat grinder,

teakettle,

teapot.

bread knife.

butcher knife,

potato masher.

bean pot.

dish pan.

saucepan, 3-quart,

bread pan.

frying pans, one 6G-inch, one 9-

covered garbage can,

wash Dboiler.

washtubs, galvanized iren, when
stationary tubx not provided.

wringer and stand.

washboard.

washing machine (one enly to be
supplied each station and to be
for gencral use at station).

bucket, ealvanized iron.

paring knife.

waffle iron.

bread hox,

colander.

lold

{deal).

1 set of serim curtains with rod
and fixtures for each window.

1 towel rack.

1 soap ruack.

ANTRY, ETIC.

1 ladle.

1 scoup, flour.

1 cake turner.

1 pudding pan, 2-quart,

1 dai pan, 2-quart,

1 can opener,

1 lemon Teamer,

1 set sad irouns or 1 electric irom,

1 chopping bowl.

1 kitehen cabinet (when no huilt-in
feature provided).

1 shovel for coal hod.

1 roast pan, covered.

1 saucepan, 2-quart.

4 pic pans.

4 bread pans, one-loaf size.

2 bread pans, two-loaf size,

1 mixing bowl, large, earthenware.

4 cake tins,

1 muffin tin,

1 sugar ean.

1 tea can.

1 double bhoiler, 2-quart.

1 hot-cake griddle,

1 grater.

1 coffee pot or percolator,

1 rolling-pin.

1 steel.

1 freczer, ice-cream, 2-quart,

1 mixing spoon. cook’s, perforated.

1 mixing spoon, 12 inches jong.

1 flour xifter.

1 coal hod, galvanized iron, smail

1 coffee grinder.

OPERATOR'S BARRACKS.

f Nlecping quarters, per man.)

bedstead, single, of
mattress,
Ilankets.

bedspreads,

cnameled

cotton,

iron,

with one <et of springs and one

sheets, seamless, plain, white, cotton.,

pillow.

pillow slips. plain. white, cotton.
metal lcceker.

chair, plain, wood or cune seat,

et window shades and fittings for each window.
set of scrim curtains with red and fixtures for each window.
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DINING ROOM.
(Based on complements of approximately 10 men.)

1 set window shades and fittings for each window.
1 gining table, 8-foot, extension, square, heavy, plain legs, oak.
12 chairs, wood, to match above.
3 tablecloths, plain, white, cotton.
12 mess bowls, chinaware.
12 cups and saucers, chinaware.
3 vegetable dishes, chinaware or glass.
2 cream pitchers, chinaware or glass,
2 salt shakers, glass.
2 pepper shakers, glass.
12 tumblers, glass.
2 butter dishes, chinaware or glass,
1 carving set.
12 table knives, steel, bone handle.
12 table forks, steel, bone handle,
12 soup spoons, plated ware,
12 teaspoons, plated ware.
12 dinner plates, chinaware.
3 dinner platters, chinaware,
2 sirup pitchers, glass.
2 sugar bowls, chinaware or glass.
2 dinner platters, chinaware,
12 soup plates.
KITCHBN,

(Based on complement of approximately 10 men.)

1 kitchen cabinet (when no built-in 1 scoop, flour.
features provided). 1 cake turner.
covered garbage can. 1 pudding pan., 2-quart,
bucket, galvanized iron. 1 dairy pan. 2-quart.
paring knife. 1 can opener.
waffie iron. 1 lemon reamer, glass.
bread box. 1 set sad irons or 1 electrie iron.
colander. 1 chopping bowl.
ladle. 1 shovel for coal hod.
meat fork. 1 double boiler, 2-quart.
bread-mixing pan, 3 frying pans, 6-inch, 9-inch and
tea can. 13-inch.
steel. hot-eake griddle,
coffee grinder. grater.

butcher knife, 9-inch.
muffin tic.

refrigerator, suitable size.
cge beater.

broiler, coffeepot.
meat grinder, teapot.
teakettle. roast pans, covered,

bread knife.

potato masher.
bean pot, 2-quart.
dish pan.
saucepans, 6-quart.
meat saw, 18-inch,
bread pans, 2-loaf size,
mixing bowl, large.
cake tins.

cleaver.

sugar can.

saucepans, 4-quart.

pie tins.

rolling pin.

freezor, ice-cream,

mixing spoon, 12 inches long.
mixing spoon, cook’s, perforated.
flour sifter.

coal hod. galvanized-iron, large.
kitehen table (deald.
range.cooking, coal, weod, or gas.
kitchen chairs.

R i O DD e b b e e e b e e b bl e ek R e e
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BATH,
1 chair, white enameled. 1 set of scrim curtains with rod
1 medicine cabinet, with mirror. and fixtures for each window,
1 set of shades and fixtures for | 1 towel rack.

[

each window, soap rack.

31-27



31-28 CHAPTER 31,

LIVING ROOM.
(Based on complement of approximately 10 men.)

1 library table, plain, suitable size.

1 bookease, sectional,
€ chairs, oak or mahoganized birch, weod or cane seafs.
4 rockers, oak or mahoganized birch, wood or cane seats.
1 set of window shades and fixtures for each window.
1 stove, heating, coal or wood (when required).
1 set of scrim curtains with rod and fixtures for each window.
MARRIED OPERATORS' QUARTERS.
LIVING ROOM.
carpet, rug pattern, 3-frame Lody DBrussels or Wilton.,
2 clhiairy, hardwood. saddle scats.
1 chair, uphbolstered, hardwood frame.
1 armchair or rocking-chair, as above.
1 sofa or davenport, as above,
1 library table, hardwood.
1 «et of window shades and fixtures for each window,
1 stove, heater type, coal, wood, or gas (when required).
1 bookcase, small (or bhook rack).
1 set of scrim curtains with rod and fixtures for each window.
DINING ROOM,
1 carpet, rug pattern, 5-frame body Drussels or Wilton.
1 dining table, 6-foot extension, round or square, heavy plain legs, oak,

any finish,
1 sideboard, without mirror, wood to match above.
€ chairs, wood to match above.
1 set of window shades and fixtures for each window.
3 tablecloths, plain, white, cotton.
12 napkins, plain, white, cotton.
mess bowls, chinaware.
saucers and cups, chinaware.
vegetable dishes, chinaware or glass.
cream pitcher, chinaware or glass.
«alt shaker, glass.
pepper shaker, glass.
tumblers, glass.
cream pitcher, chinaware or glass.
table knives, plated.
table forks, plated.
seup spoons, plated.
teaspoons, plated.
dinner plates, chinaware,
water pitcher, glass.
soup plates, chinaware,
gravy ladle, plated ware,
butter knife, plated ware,
meat platters. chinaware,
sirup pitcher, glass.
sugar bowl, chinaware or glass.
carving set.
set of scrim curtains with rod and fixtures for each window.

P bk bed ek 0D etk O ek M T D o D kel bl DD

MAIN HALL.

1 carpet. S-frame body DBrussels or | 1 set window shades and fixtures
Wilton. for each window.
1 ball mirror and table. 1 set of serim eurtains with rod

and fixtures for each window.
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EACH SLEEPING ROOM,

1 carpet, rug pattern, 5-frame body. | 1 set of window shades and fix-
1 hedstead of enameled iron with tures for cach window.
one set of springs and onc mat- | 2 pillows.
tress, 4 sheets, seamless, plain, white, cot-
1 dresser, bureau, or chiffonier, ton.
with mirror, oak or makogan- | 4 pilloweases, plain, white, cotton.
jzed birch. 3 blankets, wool, plain.
1 chair, as above, cane or wood | 2 bedspreads, cotton.
seat.

1 set of scrim curtains with rod and fixtures for each window.

TPPER HALL,

1 carpet, 5-frame body, Brussels or | 1 set window shades and fixtures
Wilton, ! for each window,
1 stair carpet, 5-frame Dody Drus- | 1 set of scrim curtains with rod
sels or Wilton, including pads. | and fixtures for each window.
EITCHEN,
1 refrigerator, top ice, to hold | 1 potato masher.
about 100 psunds, 1 bean pot,
egg beater, 1 bread pan.
broiler. 1 sugar can,
meat fork. 1 tea can,
meat grinder, 1 steel,
teakettie, 1 flour sifter.
bread knife, 1 coal hod, galvanized-iron, small.
dish pan. 1 coffee grinder.
saucepan, 3-quart. 1 covered garbage can.
saucepan, 2-quart, 1 wash boiler.

bread pans, one-loaf size. washtubs, galvanized iron (when

3

1

1

1

1

1

1

1

1

1

4

2 bread pans, two-loaf size, stationary tubs not provided).
1 mixing bowl, large, earthenware. | 1 kitchen cabinet (when no built-in
4 cake ints, features provided).

1 muffin tin, 1 wringer and stand.

1 double boiler, 2-quart. 1 washboard.

2 frying pans, 6 and 9 inch. 1 bucket, galvanized iron.

1 hot-cake griddle. 1 shovel for coal hod.

1 grater. 1 paring knife.

1 butcher knife, 1 waftle iron.

1 coffecpot or percolator. 1 bread box.

1 teapot. 1 colander.

1 roast pan, covered. 1 ladie.

4 pie tins. 1 scoop, flour.

1 rolling pin. 1 cake turner.

1 freezer, ice-cream, 2-quart. 1 dairy pan, 2-quart.

1 mixing spoon, cook’s. perforated. 1 pudding pan, 2-quart.

1 mixing spoon, 12 inches long. 1 can opener.

1 range, cooking. ceal, wood, or gas. | 1 lemon reamer, glass.

1 kitchen table (deal). 1 set sad irens or 1 eleciric iron,
£

kitchen chairs.

BATH.

-

set of shades and fixtures for | 1 towel rack.
each window. 1 soap rack.
1
1

fary

chair., white enameled. rug, small,
medicine cabinet, with mir-or. set of serim curtaing with rod
and fixtures for eaech window,

-

The limit of expenditures to furnish completely officer in charge
quarters is $1.000 maximum; for married operators’ quarters,
$850 maximum; and for operators’ barracks, $100 per man of
the authorized complement for complements of 10 men and under
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Floorcover-

ng.

Type of farni-
turo,

Nettings for
beds.

Reports.

Annual on
April 1.

Annunal on
Janunary 1.

Annual July 1
and when impor-
tant changes are
made.

CHAPTER 31,

and $75 per man of the authorized complement for complements
in excess of 10 men. Subsequent replacements or repairs are to
he absorbed by the station’s annual maintenance allotment.

31-66. Carpets, rugs, linoleum, or matting will be used to cover
floors of rooms, at the discretion of the commandants of the
maintenance yards, depending on which is considered most suit-
able with respect to climatic or other conditions prevailing at the
stations, costs, etc.

31-67. There will be no objections to type of furniture best
suited for climatic and other conditions prevailing at the stations
being selected at the discretion of the commandants of the sta-
tions’ maintenance yards, nor to electric ranges or heaters being
furnished in place of coal, wood, or gas stoves, provided the initial
cost in conjunction with the cost of operation is less for the elec-
trical equipment,

31-68. When considered necessary by the commandants of the
maintenance yards for the health and comfort of station personnel,
the allowances may be increased to provide for top frames to
carry netting and two nettings assigned to the standard sllow-
ance for each bed.

PART 5—DREPORTS.

31-69. The following reports, in addition to those in letter formn
mentioned in previous articles, will be rendered in connection with
commaunication maintenance, material supply, and construction
matters. These do not include such routine reports as the radio
material officer may require to be made to his office by officers in
charge of shore communications stations.

81-70. On April 1, by commanders in chief to the Seeretary of
the Navy, with copies to the Director Naval Communications and
the Bureau of Engineering, a report outlining the radio, sound,
and pigeon communication activities of the fleets, during the pre-
ceding fiscal year, and recommendations for the ensuing fiscal
year.

81-71. On January 1, by officers in charge of shore communica-
tion stations to Bureau of Engineering via their maintenance yard
(radio material office), a deseription of their stations on Form N,
Ting. 25A. One copy of this report will be furnished the district
communication superintendent and one copy retained for file.
Two copies will be forwarded to the radio material officer, who
shall retain one copy and forward the other to the Bureau of
Engineering.

81-72. On July 1, and at such times as important changes are
made, by commanding officers of vessels, including aircraft in com-
mission, in reserve, and naval auxiliaries, to Bureau of Engineer-
ing via official channels of fleet, if attached to fleet, a deseription
of ship’s communication installation on Forms N. Eng. 25 B. Re-
port shall be prepared in sextuplicate, one copy furnished to
division commander, one to squadron commander, one to com-
mander in chief, one to vessel's home yard, one to the Bureau
of Engineering, and one retained in the vessel’s files. Vessels not
attached to a fleet or to naval districts will forward this report to
the Bureau of Engineering, furnishing a copy to the vessel’s home
vard. (Small ships use Form N. Eng. 269 for radio.)
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31-73. On January 1 by commanding officers of district craft,
including aireraft, a description of radio installation, on Form
N. Eng. 25B. (In case of similar installations on several aircraft
at the same station, one report for all aircraft named in the
report will suffice.) The number of the copies and oflicial chan-
nels for forwarding the report shall he the same as for shore
communication stations. (Small ships use Form N, Eng. 269
for radio.)

31-74. (1) On January 1 by commanding officers of vessels in
cenmission (including vessels in reserve and naval auxilinries)
to Bureau of Engineering annualiy and at such other times as im-
portant changes are made in the sound installation, on Form N,
Ing. 71. One copy to be furnished the commander in chief and
one copy furnished the vessel’s home yard.

(2) When there is no sound installation on board, a letter to
that effect will be submitted in lieu of Form N. Eng. 71,

31-75. By maintenance yards to Bureau of Engincering at end
of each quarter a report of expenditures in connection with shore
communication stations during the quarter, on Form N. Iing. 74

31-76. At end of each quarter, by industrial department, ma-
chinery division (radio material officer) of maintenance yards to
the Bureau of Ingineering, a report reviewing briefly all commu-
nication maintenance, material supnly, and construction activities
coming under their jurisdiction. This report will review the ac-
tivities within the territory covered as a whole, and will show the
personnel employed or engaged in the material branch of the
Naval Communication Service at each maintenance yard and out-
Iring points; the nature of the work involved; the conditions in
general as regards material within the territory covered ; the status
of projects underway as rezards shore stations, ship stations, sound
apparatus, ete., the status of allowances and expenditures; the
number and nature of interruptions to the service during the
quarter due to troubles with material; meritorious or unsatisfac-
tory service, as regards material, on the part of the personnel
concerned ; shore communication station marks, ete. This report
will be submitted to the Bureau of Engineering in quadruplicate
promptly after the end of each quarter.

31-77. Radio material officers quarterly or periodical inspection
reports of shore communication stations, to be submitted to the
sureau in duplicate, copies to be furnished to communication
supervisory personnel interested.

31-78. At the end of each quarter by supervisor, trans-Pacifie
high-power circuit to Bureau of Ingineering, with copies to com-
mandants of maintenance yards interested, Pacific coast commu-
nication superintendent, Philippine communication superintendent,
@ quarterly review of the trans-Pacitie high-power circuit as a
whole.

31-79. On the first day c¢f each month by all maintenance yards
aud the Bureau of Engincering; a report containing all data of
interest pertaining to the radio, gsound and pigeon activities of
the preceding month. teports of the maintenance vards shall be
forwarded to the Bureau of Engineering and to all other navy
yards and naval stations, to the commanders i chief, to naval air

83156°—22——3
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ary 1.

Annual Jang-
ary 1 or upon
extensive altera-
tlons.

Quarterly,

Monihty.
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stations, and to such shore communication stations as may be de-
sirable for instructional purposes. Bureau of Engineering reports
will be forwarded to all navy vards, naval stations, air stations,
chore communication stations, commanders in chief, squadron and
train commanders of the Atlantie, Pacific, and Asiatic Fleets.
These reports will comprise a monthly review of all communica-
tion maintenance, material supply, and construction activities of
the Naval Communication Service.

31-80. By commanding officers of air stations and air detach-
ments, via the yard having gupervision over communication main-
tenance, material supply, and construction matters, to the Bureau
of Engineering, a report of aireraft communication material on
hand, apparatus installed in planes, and items of interest in re-
eard to radio and pigeon connnunications.

31-81. By officer in charge shore radio stations to Bureau of
Engineering, when important changes are made in apparatus.
This report shall be forwarded on Form N. Eng. 25A in the same
manner as the annual description of shore radio installations.

31-82. By officer in charge of shore radio stations to their main-
tenance yard (district radio material officer), whenever a casually
occurs to apparatus which necessitates closing down of the sta-
tion. Also whenever repairs of apparatus due to casualty are be-
yond the capacity of the station force.

31-83. After cach calibration of ships’ radio compasses by com-
manding officers of vessels in commission, in reserve, and maval
auxiliaries to Bureau of Engincering, a radio-compass deviation
curve on Form N, Fng 290 One copy to he furnished the com-
mander in chief and one copy to the vessels home yard.

31-84. After each calibration of radio compass by officers in
charge of shore radio-compass stations to Bureau of Engineering,
via maintenance vard. in dJduplicate, one copy to be retained at
maintenance yvard, radio-compass deviation curve on Torm X,
Eng. 20,

2183, Theefolewing forms should be olitained from the Duread
of Iingineering:

N. Eng. 25A. Description of rad fo

shore station -~ Ity requisitior on Form N. Eng. 52C.
N. Eng. 25B. Description of s hip
radip installation._ Tro.
N. Eng. 29. Radio - compass  calibra-
tion reporto._ - Do.
N. Eng. 74. Quarterly report of ex-
penditures - Do.

N. Eng. 269. Descriptien of ra dto
installation fer

small shipso._ . ~— Do.
N. Eng. 71. Description of sound ap-
paratuSc - e~ Do.

Qe JT—Sprark TRANSMUTTERS,
PART 1—GENIRAT,
91-100. (1) Spark transmitters come under the general class of

damped wave apparatus and are found in three forms in the
Naval Service:
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(a) 500-cycle quenched-spark transmitters.
(b) Auxiliary transmitters.
(c¢) Motor buzzer transmitters.

(2) The first two types are generally considered quite similar
in operation. the main difference being in the frequency and the
type of spark gap employed.

(3) The operation of the third type is similar to that of a
buzzer excited circuit and uses a direct current supply. A de-
scription of each type is given in the following:

31-101. All spark transmitters supply power to the antenna

31-33

Antenna oseil-

lations.

circuit at intervals, not continuously. The antenna circuit is
then permitted to oscillate at its own period, more or less inde-
pendently of the exciting circuit, depending upon the type of gap
employed in the latter circuit. Because the antenna circuit has
resistance and, further, because pewer is not supplied continu-
ously to this circuit, the ozcillations set up in the antenna increase
in amplitude to a maximum value and then decrease, the rate of
decrease or decrement being dependent upon the resistance, and
the capacity to inductance ratio of the circuit. The decrement
is usually measured by means of a decrenteter,

31-102. The 500-cycle transmitter, when adjusted properly, has

Grouvp fre~

a spark frequency of 1,000 per second. This spark frequency isguency.

dependent upon several fuctors, viz, the freguency and voltage of
the alternating current supply, the size of the capacity to be
charged, the length of the gap, and the resistance and reactance
of the charging circuit. A train of oscillations is set up in the
antenna circuit by each recurring spark. Thus there are 1,600
wave trains per second. The oscillations in the wave frain oceur
at a radio-frequency rate (the frequency of oscillations depends
on the constants of the circuit), the number of oscillations in
each wave train being determined by the decrement. The dura-
tion of each wave train is extremelyr short. he wave trains
occur at intervals of one one-thousandth of a second (one per
spark) and arve separated by relatively long periods in which no
action takes place. The distinctive note of a transmitter, as
heard in the telephones, corresponds to the spark frequency.

(A) THE 500-CYCLE QUENCIIED-SpaRK TRANSMITTER,
PART 1.—THEORY.

31-103. The Navy standard 300-cycle quenched-spark trans-
mitter, figure 31-2, consists esgentially of three circuits, namely :

(1) 500-cycle circuit including the armature of the alternailor
leads and primary coils of the 500-cycle step-up transforiner,
secondary coils of the step-up transformer, leads and closed
circuit condenser.

(2) Closed, oscillatory circuit including closed civeuit condenser,
spark gap, closed circuit inductance and leads.

(3) Antenna circui neistd £ ant a {capacity) antenna
circuit coupling and round connection and
leads.

31-104. Power for this transmitter is usually supplied by a
motor-generator set, the metor of which is adapted to the voltage

Circuits.

Power unlt,
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and type of current avallable. Frequently the motor is re-
placed by some other type of prime mover, such as an oi or
gasoline engine. The alternator is of the 500-cycle single-phase
inductor type. The armature winding consists of two sets of coils.
The voltage can be changed by a series or parallel connection of
the armature coils and by varying the excitation current of the
field coil. In practice, the armature coils are usually connected
in series, and the no-load voltage is approximately 275 volts.
31-105. The 500-cycle circuit is usually adjusted to he resonant
at a frequency of 440 cycles. The inductance of this circuit in-
cludes that of the alternator, leads, reactance, and also a portion
is contributed by the transformer as a result of the magnetic leak-
age. The capacity is primarily supplied by the closed cireuit con-
denser. It has been found that, due to the action of the spark gap

ANTENNA

ANTENNA
LOADING

CONDENSER INDUSTANCE
KEY DS A INDUCTIVE
RANSFORMER
TRANSFORME . COUPLER
1)
9q
~
<
7. y

MOTOR-GEN.  REACTANCE  mpy,
REGULATOR

RADATION
AMMETER

CLOSED .
500~ CIRCUIT ———><— /225 ><—ANT. CIRCUT>

F16. 51-2.—Circuit diagram of Jn-crele, quenched-spark transmitter.

<

when it breaks down, the closed circuit condenser acts as if it had
a somewhat greater capacity than its actual value. The ecircuit
is adjusted to be resonant to a frequency lower than that im-
pressed upon it, in order that the action of the gap may be uni-
form, thereby preventing the note of the transmitter from soaring.
The condenser is charged alternately to a positive and negative
maximum value at a frequency corresponding to that of the
alternator, namely, 500 cycles.

381-10G. (1) The clesed circuit, consisting of the closed circuit
condenser, quenched-spark gap, primary civeuit inductance and
Jeads, oscillates at a radio frequency, the period depending almost
entirely on the amount of the inductance and capacity in the cir-
cuit. Resistance has very little influence on this period. The
theory of the circuit is as follows:

(2) When the spark gap length, resistance and reactance of
the charging circuit, ete., have been properly adjusted the con-
denser is then charged to a voltage sufficiently high to break down
the gap at each positive and negative maximum amplitude and
one spark per alternation occurs. The spark ionizes the gap,
making it a conductor, and oscillations are set up in the closed
circuit. These oscillations induce oscillations in the antenna cir-
cuit. When the osciilations in the antenna circuit reach their
maximui value they react on the oscillations in the closed circuit
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through the coupler, decreasing the ampiitude of the latter. The
resulting current in the closed circuit is insufiicient to keep the
gap ionized and the gap rapidly becomes deionized and noncon-
ducting. Further oscillation is impossible in the closed circuit.
The circuit becomes inactive and the antenna is permitted to
oscillate in its own period until ail the power transferred to it
has been dissipated.  This entire operation ig repeated with each
recurring spark., The momentary current flowing in the closed
circuit is very heavy and, if the antenna circuit is not coupled
and in tune, there is a serious danger that the spark gap will be
burned up, because the power will then he dissipated in a long
series of current surges in the closed circuit, instead of being
transferred by induction to the antenna eircuit.

31-107. (1) The antenna circuit includes the antenna, coupling
inductance, loading inductance, ground connection, radiation
ammeter, and leads, and acts as a circuit containing inductance
and capacity in scries. The inductance is that of the coupling and
loading coils and the eapacity that of the antenna system to
ground, the antenna being one plate and the ground the other
plate of the condenser, The antenna circuit is usually tuned to
resonance with the primary circuit by means of sliding contacts
on the inductance coils. The inductance can not be requeed beyond
that of the coupling ceil which is necessary to t(runsfer the power
from the primary circuit to the antenna circuit. In order to
chbtain s{ill shorter waves a capacity is placed in geries with the
antenna capacity to reduce the capacity of the cirewit. The
antenna circuit ean then be tuned to resonance with the primary
circuit at wave lengths shorter than otherwise posxible,

(2) Oscillations are set up in the antenna cireuit by indie-
tion from the primary circuit, and maximum effect is always pro-
duced in the antenna circuit when it is in resonance with the pri-
mary circuit.

(8) When adjustments have been properiy made throughout the
get, the decrement of the antenna circuit wiil be lowest for the
reason that, after the power Las Leen trunsferred to the antenna
circuit, the gap opens and remains inoperative and the antenna
circuit is left to oscillate at its own period and with its own decre-
ment. The period is determined solely by the inductance and
-apacity of the circuit. The total resistance of the antenna cir-
cuit including ohmie, ground, dielectrie, and radiation re istance,
determines the losses in the circuit. The only useful resistance is
that due to radiation and is dependent on the height of antenna
and the wave length employed. The radiated power is given by
the product of the square of the antcnna current and the radiation
resistance, .

(4) The total antenna resistance does not aifect the period of
oscillations but does play aun important part in determining ihe
number of oscillations in each wave train; the higher the resist-
ance the fewer will be the number of waves in the wave train
and the more highly damped will be the circuit. The cgcillations
set up in the antenna circuit rise rapidly to a maximum value and
then decrease in amplitude with a constant ratio between succes-
sive oscillations in the same direction. The wmore oscillations
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there are in a wave train the more nearly does the character of
the radiated wave approach that of a continuous wave transmitter.
The average decrement is usually 0.05 and, at a distance, the sig-
nal tunes in very sharply on the receiving set, thereby causing very
little interference.
Tableofstand. 81-108. Data on the standard types of 500-cycle quenched-spark
ard imstallation. {1anamitters now in general use is given in the following table:

Kilo- Wave- | Number
watt. range. ‘ lengths.
LI OM 296, e e ieeeeeesen aeanaaaanns ! Auxiliary for vessels equipped

{
Type number. length | ofwave i “Type vessel used on.
i
bowl ith 2'and 5-kilowatt arc sets.
|

300—638 | | Sh.pﬁ)mg Board ships.
425-6! i
300-952 ! ! Submarine power boats, tugs
ot i \smal!), submarines.
300-952 Do.
300-952 \ Do.
1 X '200—‘ 52 | Mine sweepers.

309-600 i
500-952
300-952

Shipping Board.

Submarine chasers.
Do.

Airplane bases.

[+

CE
SE
8E 1
CF
N
T,
L
L

DWW ELELLEBHDIDWODE SO

300-1505 Naval vessels.
u(){)—l‘ 03 . Dao.
19 16 i Do.
71, ] To.
: 05 | Do
i ! Shmpmg Doard.
300-600 ! i Do.
5 600-1905 | Baftle<h1ps (wcondarv;, des{roy-
' i ers, tenders, auxiliaries.
300-3020 9 5.
300-3020 | 11 (any 9 i Do.
3003020 | 11{any 9 Do,
300,3020 | 11 (any 9 Do.
10 750-3020 )attl(‘shlpy
CT0-3020 :
TART 2 —DESURIPTION,

31-112. The following description of the 5-kilowatt, 500-cycie
quenched-spark transmitter, type CR 1125 applies to practicaliy
all powers and types of quencied-spark transmitters used by the
Navy.

Motor gemera- 31-113. The motor generator consists of a 120-volt direct cur-
tor. rent, 10-horsepower, 4-pole motor with commutating poles, speed
1,666 revolution per minute, direct connected to a 250-volt,

5-kilowatt, 500-¢cycle, single-phase inductor-type alternator. The

armature of the motor and the rotor of the alternator are mounted

on the same shaft supported by two end bearings, The complete

unit is semiinclosed and has overall efficiency of approximately

70 per cent. The bearings are of the ring oil type made of cast

iron with babbitt lining of ample surface and held in place with

set screws. Hinged covers are fitted over the opening in the top

of the bearing housings to keep dust out of the bearings. Sight

gauges are provided to indicate the oil level, and the ends of the

hearing housings are fitted with oil-tizht brass caps. Terminal

boxes with an insulated ianterior firting provide means of con-

noction to the motor and alternator. The lugs on the ends of

leads to the interior of the machine are tapered plugs which

terminate in threaded bolt ends, thereby permitting them to be
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easily drawn up tight in the taper holes of the terminal blocks.
The boxes are tapped for conduit or terminal tubes for the
exterior wiring.

31-114. (1) The transformer is of the closed core type and its
construction is very simple and access to the different parts easy. f
In a typical transformer the primary coil consists of 57 turns, two
wires in parallel and two layers, diameter of wire 0.1285-inch
(No. 8 B. & S.), and is wound directly over one limb of the core
and amply insulated from the core by a tube.

(2) The secondary winding is in eight sections mounted on a

31-37

The trans-
ormer,

Primary coil.

The secondary

heavy micanite tube which is slipped over the primary coil, Winding.

Lach coil is wound with No. 22 B. & 8. gauge D. S. C. wire in 18
layers, 17 turns per layer; total, 306 turns per coil. The layers
are insulated with linotape and the wire run through hot
“ Ohmiac” while being wound, and the same compound used for
filling the interstices of the coils. Each coil is taped twice,
varnished, and dried. The coils are insulated from each other
by a micanite washer 40 mils in thickness.

(8) A reactance coil is contained in the transformer case,
This coil is used when necessary to bring the 500-cycle circuit to ¢
exact resonance with the ass'gned frequency of 440 for which
purpese a step by step adjustment is provided.

(4) The safety-spark gap should always be sct at three-tenths

The reactance
oil,

The safety.

of an inch. The purpose of this gap is to protect the secondary spark gap.

from being burned out, due to the gquenched-spark or rotary gap
not functioning properly or when either one has been set too wide,

31-115. (1) The switchboard contains the switches, circuit break-
ers, instruments, and rheostats necessary to the proper control of
the direct-current and low-voltage alternating current circuits of
the transmitting set.

(2) There are three D.P. S.T. switches mounted on the board.
They control (a) the direct-current supply to the motor; (d)
the direct-current auxiliary power circuit, and {c) the 500-cycle
low-voltage alternating-current cireuit.

(3) A decuble pole circuit breaker is placed in the lower left-
hand corner of the lower panel of the switchboard and protects
the direct current circuit from a serious overload due to short-
circuit or failure of the automatic motor startar to function
properly or when the hand starter ig operated too rapidly.

(4) A double pole solenoid switch is mounted in the lower
right-hand corner of the same panel and is operated by direet
current. the circuit for each soienoid being closed or opened by
the send-receive switch. One contact controls the 500-cycle alter-
nating-current cireuit, while the other is in series swith the alter-
nator field coil circuit. Both contacts are closed in the “send”
position and open in the “receive” position of the send-receive
switch. thus constituting a safety device.

(5) Six instruments are included in the switchboard eauip-
ment. These are (&) alternating-current wattmeter; (b) fre-
quency meter; (¢) alternating-current ammeter; (d) alternating-
current veltmeter; (e) direct-current ammeter; (f) direct-current
voltmeter. Enough information can be obtained at all times from

The swiiche

beard.
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these instruments for the proper and eflicient control of the entire
transniitting set exclusive of the radio-frequency circuits.

(6) Two rheostats are also supplied, one for varying the field
strength of the generator, the other for varying the field strength
of the motor. The first controls the voltage of the generator
within rather wide limits for any given speed of the motor
generator set, while the second controls the speed of the motor
generator sct, and hence the frequency of the alternator.

(7) A relay key, which breaks the alternating-current circuit
and is operated by a hand-key on the direct-current supply, is fre-
quently mounted on the switchboard below the A, C. D. P, 8. T.
switch.

31-116. A 5-pole double-throw transfer switch is supplied for

Transferconnecting the direct current supply to either the automatic

switel.

Rpark gaps.

starter or hand starter. Normally, the automatic starter is used,
the hand starter being employed only in cases of emergency,
31-117. Two types of spark gaps are supplied with this set. They
are the quenched-spark gap unit and the rotary gap unit, the first
being generally used.
(1) The quenched gap consists of 15 gaps in series. The num-

The guenched hopr of gaps employed can be regulated by means of sliding clips.

gap.

Defective gaps may be cut out of circuit by short-circuiting clips.
Each gap is a complete unit and is made airtight by means of
suitable gaskets. There are two sparking surfaces in each unit,
which are pline and parallel to each other, the proper separation
of 10 mils between the surfaces being efiected by the thickness of
the gasket. Individual gaps are clamped together to niake the
assembly, and the whole assembly kept cool by natural radiation
from fins attached to the sparking surfaces. In some installa-
tions forced cooling is employed, in which ease a blower is used,
(2) The rotary gap is of the nonsynchronous type and consists

The rotsryof two parts («) stator, and (b) rotor. A pure musical note,

gap.

Condensers.

frequency 1,000, can be obtained. In addition, 500, 250, or 125
sparks per second can be obtained by decreasing the generator
voltage. It ix possible to operate at high power when the 1,000-
spark per second note is employved, the break frequency in this
case being approximately 5,060 per second. This is accomplished
hy the vernier arrangement of the electrodes, there heing more
revolving than stationary electrodes. Because of thix unequal
number of electrodes, there are a number of sparks around the
circamference of the gap, while one of the revolving electrodes is
passing from one stationary electrode to the next. There are 14
revolving and 12 stationary electrodes.

31-118. The condensers are of the mica dielectric type. Each
unit has a capacity of 0.004 pf. There are eight condensers in
each set, which are mounted in a condenser rack, and the connec-
tions are made in such a way that for wave lengths above 538
meters all eight condensers are connected in parallel, capécity
0.032 uf. For all wave lengths helow 600 meters they are divided
in two banks in series, each hank containing four condensers in
parallel, the total capacity being 0.008 uf. Full power can only
be realized on those wave lengthe employing all the condensers
in parallel,
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31-119. (1) The inductive coupler consists of two coils insu- _ Irduetive cou-
lated from each. other, one being fixed and the other nmvublo.“r'
The amount of separation hetween the coils is controlled by a lever
on the side of the coupler. Both coils are made of copper ribbon
wound in spiral form, The fixed coil is the closed oscillatory cir-
cuit inductance and is in series with the spark gap and trans-
mitting condenser. Contacts are provided on the front panel of
the coupler for making the necessary connections to the condenser
bhank and to the primary inductance coil of the coupler. Taps
are brought from the proper points on this coil to the contacts and
g hand-operated lever is provided for making the various neces-
sary connections.

(2) The inductive coupler also functions as a wave changer in
that the wave length can be changed to previously determined
values by means of the wave-changer switch. The shaft of this
wave-changer switch carries on its far end a switch bar which
makes contact on studs on the rear panel. The movable coil is
included in the antenna cireuit and is similar to the closed circuit
inductance coil in that taps are brought from previcusly deter-
mined points on it to the proper studs on the rear panel, In this
manner the wave changer switch cuts in or out approximately the
proper amount of inductance for both the clesed and antenna
circuits.

31-12¢. No variometer is supplied with this set. Some types of  Variomeler,
wets are equipped with a variometer which is connected in series
with the wave changer closed civcuit inductance and consists of
a few turns of spirally wound copper ribbon with a continuonsly
variable or sliding contact finger mounted on the front panel
The purpose of the variometer iz to permit a very close adjust-
ment to the wave length of the closed circuit, thereby obviating
the necessity of adjusting the clips on the closed circuit indue-
tance with great precision.

81-121. The antenna loading inductance consists of eight, Awtenna load-
spiraily wound copper-ribbon coils, quite similar in construction ve Inductance.
to the coils used in the inductive coupler. These coils are
mounted on three insulating rods by clamps attached to their
rims, and are connected in series by a strip passing from one coil
to the next. The amount of inductance used in each coil can be
varied continuously by turning a knob located near the rim of
the coil, This knob is connected to a mechanism which revolves
a clip that slides along the copper ribbon. A terminal is sup-
plied on each coil for making connection to the proper contact
stud on the rear panel of the inductive coupler and wave
changer. There are as many coils in the antenna loading induec-
tance unit as there are outgoing terminals on the wave changer
switch.

31-122. (1) The send-receive switch is located in a position con- Send-receive
venient to the operator’s hand and is used primarily for trans- Swte.
ferring the antenna from the transmitier set to the receiving
cet, and at the same time opens or closes the proper circuits.

(2} In the “send” position (horizontal), the send-receive
switch performs the following operatioms:

(a) Closes & break in field cirenit of alternator.
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(b) Closes circuit that operates the solenoid of clapper switch
on switchboard (which is a double-pole switch and controls alter-
nator field and armature).

(¢) Closes circuit that operates detector protective relay.

(d) Closes one spare set of contacts.

(e) Grounds the terminal that connects to receiver.

(f) Connects antenna to loading coil of transmitter.

(3) In the ‘“receive” position (vertical), the switch does the
following :

(g) Opens contacts closed by operations (a), (b), (¢), (d).

(1) Connects receiver lead to the antenna. The connection (e)
should remain closed until the antenna is grounded just before
the switch reaches the final receiving position; contact (b) opens
before («¢) so that spark on breaking the field will occur at the
clapper switch and not at the antenna switch unless the clapper
switch shiould fail to open.

Lizhtnlng 81-123. A switch is mounted next to the antenna lead-in and
switea. is used for connecting the antenna to the * send-receive ™ switch,
or directly to ground for the protection of all the apparatus.
Protective de~ 31-124. (1) Protective devices are installed with the transmit-
viees. ter set to protect the following apparatus:
(a) Alternator armature.
(D) Direct current motor avmature.
(c¢) Alternator field and direct current motor field.
(d) Primary of transformer.
(e) All auxiliary motors.

(2) The protective device consists of two mica dielectric con-
densers of approximately 0.05 uf each, connected in series
across the line to be protected, with the common connecting wire
connected to the metal protective casing, which in turn is
grounded.

Aatemma am-  31-125. A antenna ammeter is connected in series with the
meirt. antenna circuit next to the ground connection to indicate the
current flowing in the antenna circuit.

PART 3.—OPERATION.

aog_c"“{“;'c"gcl“?;_ 31-129. The hest performance and greatest efficiency of the
transmitter is obtained when the 500-cycle circuit is resonant to
he proper frequency. This frequency is 440 cycles for all Navy
standard 500-cycle quenched-spark transmitters. It should, there-
fore, be ascertained whether or not the 500-cycle circuit is res-
onant to this frequency; and if not, it should be adjusted to
440 cycles, Tt was stated in Article 31-103 that, due to the
short-circuiting action of the spark gap, the condenser assumes
a fictitious value somewhat greater than the actual. Clearness of
note, maximum radiation, and proper quenching are all closely
related to the proper tuning of the 500-cycle circuit.
ﬁn?ilii:zt 1;9‘;')1“:[3{ 31-130. (1) (a) Open quenched-spark gap completely so that no
fregueney of xparking will oceur,
800-cyele eireult. 4y Qrqrt motor generator sot.
(¢) Reduce frequency to lowest value possible.
(d) Open alternator field circuit.  (This is very important.)
(e) Close transmitting key.
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(f) Vary motor speed (alternator frequency) slowly from low-
est to highest and carefully watech alternating current ammeter
for maximum reading.

(9) Note frequency at which maximum reading of alternating
current ammeter occurs. This is the resonant frequency.

(2) If this frequency is above or below 440 cycles, the circuit
should be adjusted to be resomant to approximately 440 cycles.
This is done by changing the inductance of the circuit, more
inductance being added if the resonant frequency is above 440
cycles and some of the inductance renmoved if below this fre-
quency. The device used for this purpose is called the reactance
requlator. It is situated in the transformer casing, and is fur-
nished with taps so that the amount of reactance may be varied
by steps.

(3) This operation should be performed for each combination
of motor generator and transformer when the set is installed.
After this operation has been completed the transmitting set is
ready for wave-length tuning,

31-131. Most transmitters are able to transmit on several differ-
ent wave lengths, the 5-kilowatt set just described having eight
wave lengths. The procedure for tuning is as follows:

(1) Loosen coupling between primary and secondary coils of
inductive coupler.,

(2) Start motor generator set.

(3) Throw send-receive switch to send position and disconnect
antenna by throwing lightning switch to ground.

(4) Reduce number of gaps cut in to two or three.

(5) Reduce alternating current voltage to very low value.

(6) Adjust frequency to 500 cycles.

(7) Adjust primary inductance to the required wave length,
beginning with the longest to be used, and use a wavemeter
coupled to the primary inductance for the determination of the
wave length. (In making this adjustment do not keep the key
closed any longer than necessary and clip the flexible lead to the
point on the coil which gives the exact wave length, care being
taken to allow room for the other leads.)

(8) Proceed in the same manner as above for the remaining
wave lengths, The first tuning of the primary circuit is now com-
plete.,

(8) Set secondary (movable) coil approximately 2% inches from
the primary coil and lock it in this position,

(10) Connect autenna loading inductance coils tn proper con-
tact stud of secondary coil and from same contact stud run flexible
lead to secondary coil cutting into circuit most of this coil.

(11) Adjust antenna cireuit to resonance by varying the amount
of Inductance in the loading coil marked with the siame wave
length as that on the contact stud. Resonance is obtained when
the radiation ammeter shows maximum deflection.

tiz) Vary the coupling between the primary and secondary
coils of the inductive coupler. If the radiation is greater at a
coupling point quite far from the original setting (2% inches),
change the amount of inductance in the secondary coil, increasing
the inductance if the coupling is looser and decreasing if the

3141
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coupling is tighter than that desired. Compensate for the change
by retuning with the loading inductance.

(13) Repeat thiz operation for all wave lengths, striving to
keep the best coupling point as close as possible to the 23-inch
setting.

(14) Measure the wave length of the antenna circuit at each
setring, making sure that the wavemeter is actuated by the
antenna circuit and not by the closed circuit.

(15) Should any of the wave lengths, as determined by a
wavemeter, be found off, readjust both primary and secunlary
until on wave length. (Due to the inductance of the leads it is
slwayvs best to start at the longest wiave length and work down
to the shortest when tuning a transmitting set, because the a«ddi-
tion of the various leads has less effect on the lenger wave lengths
where more inductance is in the circuit than on the shorcer.)
The transmitting set is now ready for high-power adjustment and
tuning.

81-182. (1) It is veiry important that the same number of gaps
he used throughout this adjustment, as otherwise the coupling,
note, quenching, and wave length will vary, making it nexrt to
impossible to tune the set. The procedure is as follows:

(¢) Cut in the proper number of gaps and set wave chapzer
switch on Iengest wave length.

(L) Increase alternating current voltage,

(¢) Depress key and adjust frequency to 500 cycles.

(d) Vary alternating current voltage until spark note sounds
clear (1,000 sparks per second).

(e} Adjust coupling between primary and secondary slowly and
carefully, noting antenna ammeter reading and clearness of note.

(f) Make final adjustment for voltage, coupling and resonance
and measure the wave length.,

(2) Care must be taken when operating at lligh power. The
key should not be kept closed any lenger than absolutely neces-
gary and dashes should be made only when a reading of the
various instruments is necessary. Adjustment to proper voltagze
for clear note is best made while sending letters. The peint to
be remembered is that the spark gap will be seriously injured
if the antenna does not radiate at its maximum.

(8) It will probably be found that the wave-length adjustments
will need to be changed somewhat for high power. Tinal adjust-
ment can be made only by trial. When ail adjustments have
been made, the transmitter should function eflicientiy and prop-
erly on all the wave lengths. Proper quenching will fake place
and the gap will not heat excessively. Only one wave will bhe
radiated and the decrement will be the lowest obtainable for that
particuar antenna system.

(4) It is vory important that (a) both circuits be in resonauce;
() proper voltage for the number of gaps used be supplied; (¢)
best coupling exist between the primary and secondary. In »no
case should the antenna circuit he defuned (thrown out of reso-
nance with the primary), because (@) there will be a reaction
hetween the two circuits and two waves will be radiated which
can be found on a wavemeter coupled to the antenna circuit; ()
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the gap will not quench properly, thereby heating, and power
will be retransferred from the antenna to the primary and back
again to the antenna, and the decrement will be increased due
to this retransfer of power. In other words, the utility and
efficiency of the quenched spark system will be entirely lost.

31-133. Whenever it is desired to transmit on maximum power, Maximam pow-
special adjustments should invariably be made with a view to ¢F sdjustmeat.
obtaining maximum output and maximum efficiency, thereby re-
ducing injury to the set. The voltage, number of gaps, coupling.
and tuning of the secondary circuit to the primary circuit should
be carefully adjusted.

PART 4, —INSTALLATION,

31-136. (1) Install motor generator set in an accessible loca- Motfor genera-
tion. care being taken that the location is suitable from the stand- "™
point of low temperature, dryness, and that the shaft is in a fore
and aft position,

(2) The switchboard should be installed handy to the operator Switehboard.
and spaced sufficiently from the bulkhead to allow access at the
rear.

(3) The transformers should be located under the table near Transformers.
the condenser rack and the primary transformer transfer switch,
due regard being given to the protection of the operator from the
high potential leads and accessibility.

(4) The condenser rack should be installed as close as possible Condenser
to the transformer secondary. spark gaps, and closed cireuit in-¥%
ductance of the wave changer. Sharp bends and long leads
should hie avoided.

(3) The spark gaps should be installed in an accessible position Spark gaps.
and the leads to the rotary gap made as nearly the same as those
to the quenched spark gap in order that thie wave length will not
hbe changed appreciably when one type of gap is substituted for
the other. The rotary gap should be installed with its shaft in
the vertical position.

(6) The inductive coupler and wave changer should be in- Inductive con-
stalled on the table accessible to the operator’s hand. - ?,}af];;“d ware

(7) The antenna loading inductance should be mounted Antenna load-
directly above and on the wave changer whenever practicable, B8 inductance.

(8) The accessories, including send-receive switch, hand and  Accessorles.
entergency transmitting keys should be located so that the oper-
ator can manipulate them with the least amount of effort. In
fact. the whole installation should be made with a view toward
rendering the entire set accessible and easy to operate, thereby
tending to increase the efficiency of the operating personnel,

PART 5.—CARE AND UPKEEP,

31-138. A transmitting set maintained in excellent condition
reflects the efficiency and the morale of the operating personnel.
The set will render better service when it is well kept and properly
treated. Common sense plus a little knowledze of machinery
and a working knowledge of radio apparatus are all that are
required to obtain this end.
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31-139. The motor generator set should be inspected each morn-
ing and the bearings replenished with oil whenever necessary.
0Oil is supplied to the bearing surface by a ring which carries
the oil up from the oil well. As long as oil is carried over by
this ring and the bearing does not feel hot (compared to the other
parts of the motor generator) the bearing is in good condition,
Should the oil in the well become too low, the ring will not
supply oil to the bearing. This results in expansion of the bear-
ing and shaft, which causes “freezing,” or the bearing meits
allowing the rotating element to strike the pole faces, thereby
putting the motor generator set out of commission. The sight
gauge on the bearing indicates the level of the oil in the oil well.
Relinnce should not be piaced on these gauges unless they are
known to be in good operating condition, as they become clogged
up from time to time., Renew the oil once per month and clean
oil gauges.

31-140. The instruments on the switchboard are properly con-
nected at the navy yard and should not be tampered with. They
will stand a moderate overload (off scale) without injury, hut
there is no occasion to operate under this condition. The divect-
current instruments (voltmeter and ammeter) require proper
connections to the circuit (positive to positive and negative to
negative), otherwise they will read backward, thereby hending
the needle. The alternating-current instruments have no polarity
and will give a correct indication when connected to the aiter-
nating-current circuit (ammeter in series and voltmeter across
the line). The frequency meter may be adjusted to read correvtiy
by means of the adjustment arm on the box, when provided,
located on the rear of the switchboard. For this purpose the
generator should be run at a speed to give 500 cycies (use a reve-
lutien counter for determining the speed of the generator), and
the two adjusting arms moved to cut in or out inductance and
resistance until the frequency meter reads 500.

31-141. The circuit breaker in the direct-current line is pro-
vided mainly for the purpose of protecting the motor of the motor
cenerator et and should be set to trip at a current value slightly
in excess of that required to start the motor generator set. The
circuit breaker should be thrown in one pole at a time and bejere
the main switch is closed otherwise it will not function as a
protective device. Should the circuit breaker release during oper-
ation, the cause for this should be investigated and remedied
before again closing the circuit breaker. Frequently the cireuit
breaker will open hecause the automatic motor starter contacts
operate too rapidly and do not allow the motor to get up sufficient
speed hetween steps. The oil dashpot type of automatic starter
is particularly hard to adjust. the retarding action of the oil being
dependent on the temperature.

81-142. The switch blades and all contacts should be kept clean
and smooth. Arcing at contacts should be prevented except where
arcing is expected, as at the circuit-breaker carbon contacts an<
clapper-switch carbon contacts.

3i-113. Oversize fuses should not he used. but the cause for
fuses burning out should be investigated and remedied. Fuses
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will carry a large overioad without blowing. This is especially
true of momentary overloads.

31-144. (1) The transformers give very little trouble, especially
the primary winding. The primary can, however, become short-
circuited between turns or be burned out (very rare). An open-
circuited primary is indicated by no reading on the alternating-
current ammeter when the key is closed, when the rest of the
circuit is in good condition. Short-circuited turns are more
difficult to discover and are indicated by heavy current and fail-
ure to break down the quenched-spark gap. If the secondary
winding is intact and the proper capacity being used, short-
circuited turns are also indicated by a change in the natural fre-
quency of the circuit and, if key is kept closed for a short time,
smoke will be given off,

(2) The secondary coils frequently burn out, caused by radio
frequency and high potential surges from the oscillatory circuits.
A burned-out secondary is indicated by failure of the transformer
to break down the quenched-spark gap with ordinary voltages jm-
pressed on the primary; the primary current will also be very
low. If one of the coils is short-circuited, the veltage will not be
suficient to break down the gap, and a clear note can not be
obtained under any circumstances, due to the 500-cyvcle circuit
being out of adjustment; more primary current than the normal
value will flow. The secondary can be tested for open or short
circuit by a Wheatstone bridge, care being taken to allow sufficient
time afier depressing the hattery key on the Wheatstone bridge to
allow the hridge current to reach a steady value in the coil before
depressing the galvarometer key. Have galvanometer key open
pefore opening battery key in order to protect the galvanometer
from the inductive * kick.”

(8) If the secondary winding is found to be defective, it will
be necessary to disassemble the transformer. After disassembly,
test each coil separately for continuity and replace defective
coil with a spare, care being taken to place the coil properly
with regard to direction of winding.

31-145. (1) The quenched-spark gap requires considerable at-
tention. The amount of care required to main{ain this gap in
excellent condition depends upon the amount of operating done,
whether high or low power is used and, above all, on the proper
tuning of the transmitter. Inereaged radiation is the result of
a clean gap.

(2) A defective unit can be detected by a drop in the radia-
tion, by the spark-gap tester, and by a change in the note. A gap
in good condition should show a heavy white spark when tested
with the spark-gap tester. A weak spark, or the absence of any
spark at the tester point, is an indication that that spark gap
is defective.

(8) The defective gaps should be disassembled and cleaned.
For this purpose cover a piane facepluie wiilt crocus clolit wid,
placing the sparking surface of the gap on it, give the gap a
rotary motion. One type of gap his a gasket rim equal in height
to the sparking surface, The rim and sparking surface cun, there-
fore, be dressed down simultaneously, Another type has its
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gasket rim lower than the sparking surface. With this type care
must be taken not to round off the edges of the sparking surface.

(4) The sparking surface is of silver or copper, the silver sur-
face being about one thirty-second of an inch deep. In dressing
down any sparking surface do not attempt to remove all the
pits, but dress off the high spots. Test the sparking surface with
a straightedge. If no light shows under the straightedge, the
surface is true, Where a lathe is available the spark gap unit
may be revolved and dressed down by the use of crocus cloth
Iield by a plane surface.

(5) The standard spark gap gasket is made of 35 mil fish
paper. The gaskets should be renewed whenever the spark gap
is cleaned. 'This type of gasket will keep the spark gap air-
tight but, on account of its compress hility, will gradually reduce
the spark-gap length until a short circuit results. The gasket
rim for this type of gasket is below the sparking surface so thuc
the normal separation of the sparking surfaces will be 10 mils,

(6) The mica gasket is rather difficult to handle and is not
ahsolutely airtigcht, but has an advantage over the fish-paper
gasket in that it is not affected by heat, whereas the fish-paper
gasket rapidly deteriorates due to the heat of the snark oap,
Should mica be substituted for fish paper, care must he taken
to build up the mica gasket to a thickness of 35 mils. AMica
gaskets do not need frequent renewals, Broken or cracked mica
raskets should be replaced.

31-146. (1) The rotary spark gap operates hest when the
natural frequency of the 500-cycle circuit is close to 500 cyeles,
Where a reactance regulator is supplied, the 500-cvele ecirecuir
should be adjusted to be resonant to 500 cycles when transmission
at full power is required. For ordinary intermittent and medium
or low power transmitting, this natural frequency should not bhe
adjusted.

(2) The clearance hetween stationary and revolving electrodes
is approximately one-eighth of an inch for full power and a 1,000-
spark note, while for lower powers and the same note the clear-
ance must be reduced until the correct amount is determinel.
About 50 per cent more current in the 500-evcle circuit is required
for this type of gap than for the quenched-spark san.

(3) The gap may be adjusted to any desired length in the fol-
lowing manner:

(a) Remove cover.

(b) Bring rotor electrode exactly opposite a stator elec-
trode,

() T.oosen set screw on shank of stator electende,

(d) Adjust clearance by inserting metal gauge of the de-
sired thickness between the two electrodes.

(e) Tighten set screw and at same time keep the two elec-
trode tips in the same plane.

(f) After adjustment has heen made revolve rotor by hand
to test clearance hefore starting the motor.

Both the stator and the rotor clectrodes can he removed oniyv
after the rotor is removed from the motor shaft. It is not neces-
sary to remove either sct of electrodes except when badly worn.
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(4) Whenever the rotary spark gap is substituted for the
quenched-spark gap, a retuning of the radio-frequency circuits ise
necessary for best operation, because the circuits were tuned with
the quenched-spark gap in circuit. Very good results, however,
can be obtained by leaving unchanged the adjustments of the
open and closed circuits, varying only the position of the coupling
coils of the inductive coupler until a maximum indication is ob-
tained on the radiation ammeter. It is to be noted that even
after a careful retuning of the transmitter circuits the maximum
current in the antenna may be less than that obtained with the
quenched-spark gap.

31-147. The inductive coupler and wave changer switch ad-
Justment should not be changed except when there is reason tog
believe that the tuning and coupling are incorrect. The contact
studs sliould be clean and bright and the wave changer switch
should operate smoothly. The contacts should be adjusted so that
there is no sparking, and the flexible leads should be arranged
during calibration so that the maximum power can be used with-
out sparking occurring between leads.

31-148. The antenna loading inductance should be kept c}ean]
and free from corrosion, and the sliding contacts should operate
easiiy and without sparking.

31-149. (1) A little vaseline on the contacts and clips will pre-
vent excessive wear and difficult operation of moving parts.
Cleaning compounds should never be used on contacts and clips,
and where used care should be exercised that all traces of the
compound are removed after cleaning. Al bolts and nuts of the
set should be kept tight and the proper tool! used for tichtening
them. Contacts are loosened by vibration, and unicss tightened
are likely to jam the moving parts, with consequent injury to the
mechanism, Contact fingers and rollers, and all other contact
devices should always make good contact and be set so that they
will not be jammed or bent out of shape. Poor contacts are a
source of continpual trouble, in that they produce sparking and
usually insert high resistance into the ecireuit in which they are
focated, thereby decreasing the efficiency of the set. If sparking
oceurs, the contacts become blackened and pitted, frequently re-
quiring a renewal of the parts injured.

(2Y Injuries to the transmitter or faults should be cor-
rected with the least possible delay, uand not allowed to accumu-
late. because in so doing a minor fault may develop into one
suflicient to put the entire set out of commission. It should also
be remembered that a high resistance contact will not be noticed
so readily on a transmitter as on a receiver. When a poor contact
is included in the part of the transmitter common to the receiver,
the fransmitter will operate without any noticeable decrease in
efficiency but, when receiving, it will reduce the strength of signal
or even prevent any receiving, Al contucts in the transmitter
that arc common to (he receiver should thevefore be inspected
Trequently and kept in the best possible condition,
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(B) AUNILIARY SPARK TRANSMITTERS,
PART 1—GENERAL,

31-150. The auxiliary spark transmitting equipment has been
designed to provide an additional radio station on a battleship or
flagship which can be operated independently of and simulta-
neously with the main or any other radio station in the same
vessel for short range transmission. The amount of trafiic that
can be handled by a vessel that has the auxiliary spark trans-
mitter equipment is greatly increased for the reason that the aux-
iliary set can be used to move local traffic at the same time that
the main radio receiving equipment is being used to handle the
trafic coming from points outside the fleet.

31-151. The problem of interference climination is simplified
(It e EereBC® by allocating the very short wave lengths (126 to 175 meters) to

the auxiliary transmitter. This band of wave lengths is very far
removed from the wave lengths of the main transmitter. Inter-
ference is further reduced by installing the aquxiliary transmitter
in a separate radio room, known as the auxiliary radio room,
which is located at a considerable distance from the main radio
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ria. 81-0.—Cireuit diagram of auxiliary-gpark transmitter.

room. The special antenna used with the auxiliary transmitter
is also placed aus far as possible from the fields of the other
antennas.

PART 2—TIHEORY.

General. 31-132. The auxiliary trapsmitier is a very much improve:l form
of the old-style gpen-spark-gap type of transmitter and is arranged
to operate with a very loose coupling between the closed and
antenna circuits. It has, in additicn, a special “ shock absorbing”

feature.
Primary clr- 31-108. Figure 31-3 is a simplified diagram of the auxiliary
euit. spark transmitter. EE are the two halves of the primary induct-

ance which are adjustable to give the wave length range. The
purpose of dividing the primary inductance in this manner is to
equalize the distribution of potential along each side of the pri-
mary circuit. CC are the transmitting condensers, each having
a capacity of 001 uf. The jow-tension terminals of these two
condensers arc connected to the terminals of the coupling hoard
F. The circuit is continned from the other two terminals on the
coupling board to antenna and ground respectively.

Ceupling. 91-154. The coupling beard F includes a capacity of 0.04 uf
made up of eight small mice condensers which are clamped on
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the coupling board and a small variable inductance. The coupling
between the primary and antenna circuits is of the direct or
conductive type.

31-155. The primary circuit condensers CC are charged through
the inductance H, the condenser G being short-circuited by this
inductance at the charging frequency of 250 cycles. In fact, the
difference in potential betwceen the plates of the condenser G
when the circuit is charged is only a few microvolts. When the
spark passes across the spark gap the cireuit oscillates at the
frequency determined by the inductance EHE and the capacity
CC of the circuit. The cemf of the inductance H now comes into
action. The condenser G is no longer short-circuited and the

4

CHARGE IN ANTENMA

Co.
TIME

1 SHOWS GROWTH OF CURRENT IN PLAIN
ANTENNA.

IO SHOWS GROWTH OF CURRENT IN AN
ORDINARY COUPLED CIRCUIT.

I SHOWS GROWTH OF CURRENT IN
TYPE SE 3531 ANTENNA.

1. J1-4.—Time-antenna charge curves.

difference of potential between the plates rises to about 2,000
volts. The antenna and ground being across this condenser, the
antenna circuit is therefore charged by this difference of po-
tential and is caused to oscillate. However, before the potential
across the plates of the condenser G ocan rise at all the con-
denser must be charged., This procedure delays the charging of
the arfenna and makes it a more gradual process, Thus, any
shock is absorbed and the oscillations in the antenna build up
gradually to 2 maximum value instead of abruptly reaching the
maximum amplitude as is the case with other types of spark
transmitters,

Figure 31-4 shows the growth of current in the antenna cir-
cuit for different types of spark transmivters, It will be seen
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that the current rise is most gradual in the case of the auxiliary
spark transmitter. This gradual growth of current in the antenna
climinates excitation of near-hy antennas by impact or shock
and for this reason, practically all interference by the simulta-
ceous use of the auxilinry transmitter while receiving on another
antenna is eliminated. This feature, together with the use of
rejectors in the main radio room, practically removes interference
from the auxiliary transmitter. That part of the interference
due to sparking in the rigging, ete., will, of course, remain and
must be dealt with locally, as the conditions will vary in different
ships.
PART 3.—DESCRIPTION.

Types. 31-160. Two types of auxiliary spark transmitters have been
teveloped for the service. They are:
Type SE 3531 (120-volt D. C. supply).
Type SE 3612 (240-volt D. C. supply).

The two types are similar in construction and operation ex-
cept for the difference in the moter and motor controls due to the
difference in the supply voltage.

Features of the 37161, (1) The generator is rated at 1} kilowatts, open-circuit
yarious clements.

voltage 140 volts, full-load voltage 100 volts, speed, 2,140 revolu-

tions per minute, frequency 230 cycles, synchronous impedance 3.75

ohms. The motor generator has ball bearings and is supplied

with the usual spare parts.
(2) The motor field rheostat is designed to give a range of speed
of from 10 below to 10 per cent above rated speed, i. e., from

225 to 275 cycles,

(3) The generator field rheostat gives a variation in open-
circuit voltage of 40 to 140 volts.

(4) The hand starter is of commerecial design and provided
with wall supports,

(5) The transformer, type CAT 3543, is designed for a fre-
quency of 250 cycles, primary voltage 100 volts, secondary voltage

11.100 volts. The primary current is 10 amperes and the sec-

ondary 0.09 ampere. The transformer is of the single-phase, air-

cooled type anid is provided with an external reactance mounted
in the base of the transformer.

Reactance, 31-162. (1) The reactance has five taps, introducing impedance
in the circuit as follows:

TapNo. 1. ___________ . 2. ohms.
Tap No, 2______ o __ 2.7 ohms
Tap No. 8. 3.2 ohms,
Tap No. 4 ___ o ____ 3. 7Tohms.
Tap No. & __ 4. 2 ohms.

(2) These taps are supplied since the impedance of leaids from
motor generator to transformer is different in different installa-
tions, depending on length of leads. When installing, that tap
should be used which gives an unbroken note at full gap length.
This connection should be made permanently and should not he
changed thereafter. In addition, there is supplied a fixed re-
actance of about 12 ohms, which goes in series with the primary
of the transfornier and the variuble reactance mentioned above,
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31-163. Four protective devices, type CID 53, are supplied to
prevent radio-frequency oscillations from being carried to the
generator and direct-current circuits,

31-164. (1) The spark gap, type SE 3533, consists of a lead-
lined wooden box, mounted on a brass bracket and containing one
adjustable and one fixed copper electrode, each mounted on u
porcelain insulator.

(2) The top of the box is closed in by a cover which is hollow,
and is fitted with baffies to deaden the sound of the spark. The
air passages through the cover are lined with sheet asbestos.
The air inlet from the blower is arranged in the bottom of the
box and consists of a metal casting on which is secured a porcelain
nozzle.

(3) One end of the box contains the side fitting, consisting of
a brass casting to carry porcelain insulator type SE 1239, to
which is secured the stationary electrade. The other end of the
box carries the adjustuble handle and fittings, A sliding sleeve
is arranged to slide into, er out of the box, as the handle is
revolved and carries on its end an insulator, type SE 1239, into
which ig screwed a gap electrode. By rotating the handle, the
length of spark gap may he adjusted.

(4) The hose from the hlower is secured to the metal casting
of the inlet. The connections to the spark plugs are made
through electrose insulators fitted in the side of the box, flexible
leads joining the spark plugs te the terminals on the inside end
of the insulators.

31-165. (1) The transmitting condensers, type CD 3536, are of
the same physical dimensions as the standard type CD 158 con-
densers, except that two binding posts ave hrought out through the
bakelite cover, and the case is grounded. Each unit has a
capacity of 0.01 uf, making a total capacity of ¢.005 uf in the
primary cscillating circuit.  One condenxer unit is connected in
each side of primary circuit to equalize distribution of potential.
The high tension terminals are connected to the primary fittings,
and the low tension terminals are connected to the coupling board
by 2x {s-inch copper strips. Figure 831-2 shows the circuit dia-
grammatically.

(2) The transmitting condensers, gap and primary fittings are
mounted on a common hoider,

31-166. The primary fittings form the adjustable inductance of
the osciliating circuit, and consists of plain copper rods. four in
number, two of which are in each half of the circuit. Clips are
supplied for tuning purposes. The end clips should be fitted on
permanently at the top of the rods. The second set of clips are
put on when transmitting on 150 meters and removed when trans-
mitting on any other wave length.

31-167. The loading coil, type SE 3382, consists of nine turns
of heavy copper wire. mouuted on a base, insulated with electrose
insulators. The base is fitted directly to the end of the trunk,
the coil forming a prolongation of the trunk. Tuning is effected
by means of a short flexible lead taken from end of lead-in insu-
lator and clipping on to tuning clips placed on any desired turn
on the loading coil. The tuning clips are simple roughened brass
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tongues clamped to the antenna edil. The ourer end of the
antenna coil carries a copper strip which connects to the center
terminal of the magnetic break key.

Coupling 31-168. (1) The coupling board, type SE 3566, consists of two

board.

Coapler.

copper plates clamped together, but insulated from each other by
a sheet of hakelite-dilecto. Two clamping hars, one on each side
of the copper plates, are also fitted and mounted on the sane hase.
The base consists of a steel frame, the copper plates and clamping
bars being insulated from it.

(2) In the center of the board, and at right angles to it, is
mounted an induectance consisting of two concentric tubes of cop-
per separated three-fourths of an inch. he space between these
tubex is bridged by a sliding annular contact.  With this contact
at its outer limit, the inductance is maximum, having a value of
approxinmtely 0.04 i and the coupling ix tightest.  With the con-
tact at its inner limit, the inductance is minimum, having a value
of approximately .01 gh. and the coupling ix loosest, A circular
hole is left in the upper copper piate, and round it is riveted and
sweated a threaded hrass ring into which screws the outeide
cevlinder of the inductance, which is afterwards sweated in place.
The inner ¢vlinder is simlarty fitted to the lower copper plate, a
hole being left in the bakelite-dilecto piate to enable this to be
done,

Clamping bars.  31-169. The clamping hars on each side of the coupling hoard

Coupling
board condens-

€r8.

Break key.

cach carry four mica condensers, type Si1 ¢ The condensers
are easily removed and replaced hy unscrewing the holding-down
clamps and the screws holdiny the ends of the condenser-tab
clamps, These clamps force the condenser tabs down onfo the
copper knife edges on the copper plates of the coupling board,
thus joining the condensers between the copper plates.

R81-170. The coupling board cendensers arve each composed of
two elements joined in series, the joint capacity being 0.6055 uf.
All eight condensers are joined in parallel between the sides of
the coupling hoard, giving a total capacity of approximarely 0.044
wf. The condensers are built up of mica and copper foil, the
two elements of each condenser heisg permanently joined in series
and held together by o piece of empire cloth, held in place by
shellne. Each element is tested to stand 2000 volis eflective.
The diagramsatic connections of the coupling board are shown in
figure 31-2.

31-171. The break key, type ST 3338, is electrically operated
and performs two separvate functions, i. e.. it is a relay key oper-
ated by Morse key, opening and closing the primary cireuit of the
transformer, and acts as a send-receive switeh.  The key is shown
diagramatically in fizure 31-5,

(2) A plunger “1” earries an arm “ P havinz a copper con-
tact “ 7. which makes contact with a fixed copper contact “R™
controlling the main alternating ecurrent circuit. The plunger
arries a second arm “1.” which alternately makes and breaks
on two side contacts “M " and M ” which are joined to the
transmitting set and the receiving cabinet, respectively. These
contarts are V-shaped springs, against which arm ¢ L. alternately
makes contact as the Morse key is released ov depressed,
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(3) In figure 31-5 the key is shown in the sending position.
The receiving contact is grounded by means of the limit stop “ O.”
When the Morse key is released, contact between “Z” and “R”
is broken, opening the primary circuit of the transformer; lever
“1.” breaks contact with transmitter contact “M” makes con-
tact with receiver contact * M’ ” and breaks contact between latter
and ground. When the Morse key is depressed, the plunger is

v | T \4
TRANS. RECEIWVER
BREAK KEY RELAY
TYPE SE ‘3538

A BASE CASTING O_| GROUND CONNECTION DAK |
SE P | STRING CONTACT ARM
(@) CObL, QL ADJUSTING BLOCK
D ARMATURE R | FIXED CONTACT
E ROD S L STOP
GUIDE ROD ITT | GROUND STRIPS
G& | TAPPET 2iNS \J TRANSMITTING CONNECTIONS
H BEARING BLOCKS Y RELEIVING CONNECTION
sl LItUT STQF VY | ANTENNA TERIIINAL AT BACK |
K FLEXIBLE CONMNECTION X D.C.TQ QPERATING €CIt.
e MOVING CONTACT ARM Y LAC MAIN LEADS
MM CONTALT OSPRING S e CONTACT
NN | ToeMial R CKS

B16. 81-5.—Break key relay, type SE 3588,

drawn upward, Lever “ L™ breaks contict with receiver spring
“ A’ and makes contact with transmitter through spring * M,”
and the primary circuit of the transformer is closed by contacts
“2 7 and “IL It should be noticed that each time lever “L7” en-
gages with, or leaves receiver contact, the antenna is grounded for
an instant through ground connection “0.”

(4) The coil of this key is operated through the contacts of

Morse Key, and has a 50 candlepower lamp in series with it of
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same voltage as the supply. The break key is mounted on the
base plate of loading coil.

31-172. (1) Copper strips 2 inches by one-sixteenth inch are used
for connecting the send-receive switch, the break key, and
the ground plate to the coupling board and receiving cabinet.
They are also used as leads in the primary oscillating circuit be-
tween condenger terminals and coupling board. These strips are
run parallel, as close tozether as possible, te keep down their in-
ductance, and are separated from each other by small porcelain
insulators, type SE 1241, placed at intervals of approximately 10
inches. The insulators are bound in place with binding wire.

(2) In order to insure that a small amount of inductance is
used in the receiving cabinet, it is necessary that the inductance
of the copper strips on the transmitting side be slightly greater than
the inductance of the strips, ete, on the receiving side, because
incoming signals are received through the loading coil, and exact
tuning of receiving instruments is of vital importance. This may
he accomplished, if found nccessary, either by making one of the
copper strips in the transmitting side a few inches too long, and
bending it into an arc, thereby increasing its inductance, or by
separating the copper strips on the traansmitting side between the
porcelain insulators.

31-178. The blower, type SIE 3611 (with 220-volt motor) and
type SE 8545 (with 110-volt motor), has a capacity of 60 cubic
feet per minute at a pressure of approxinuitely 5 ounces (S inches
water). It is equipped with direct connected 3-horsepower
direct-current motor, and operates at a speed of 2,700 revolutions
per minute. With each blower is supplied a hese coupling 5
feet long; one end of the hose is attached to blower exhaust, and
the other to a brass fitting, which attaches to nozzle opening in
bottom of spark gzap. The blower is started by throwing it di-
rectly across line by a two-pole single-throw switch.

31-iT74. The 3dorse key, type SE 3546, differs from the usuul
JMorse key in that it is provided with back contact, is completely
inclosed in a grounded brass case with operating knob exten:ding
through, and has a condenser of 0.1 mfd. capacity connected
across the front contacts. In wiring this key, lead-covered leads
should be brought threugh rear of key cover, and the lead sheaths
grounded by clamping between grounding strips secured to in-
side of case. Ten spare contacts and one spare insulating knob
are sunplied with each key,

81-175. (1) The frequency meter, type CV 1252, is of standard
Weston design used in the construction of the 5€0-cycle n:eters,
It is calibrated to read over a range of 200 to 3C0 cycles.

(2) The antenna anuneter, type CV 1280, is provided with
external thermoclement, which is placed between coupling board
and ground. Lead-covered leads 15 feet long ave provided from
therinoclement to meter. The meter is calibrated with these icads
in circuit. Range 0—4 amperes.

(8) The direct-currcnt ammeter is 7 inches diameter, surface
mounted and front connected. Tt has a range of 0-30 awveres,

(4) The alternating-current voltmeter is 7 incbes diameter, suar-
face meunted and front connected. It kus a range of 0-150 volts,



RADIO PLANTS,

PART 4.—OPERATION.

31-177. (1) Figure 31-5 represents key with coil energized,]
plunger and send-receive switch portion of key in sending posi-
tion. To adjust the key, tension must first be put on the spring
contact “P” by twisting the adjusting block “Q” so that spring
bears hard against limit stop “8.” When satisfactory tension is
obtained, the adjusting block * Q” must be clamped in position,
The fixed phosphor-bronze contact “ R " should then be adjusted
in position so that, when the coil is energized and the plunger
drawn in, the length of soft-iron armature visible outside the
spool is about cne-sixteenth inch, If the armature is pushed
entirely in until it touches the core, the end of the armature will
be flush with the end of the spool, but as the minimumn air gap
should not be less than one-sixteenth inch, this-amount of arma-
ture should extend outside the spool when coil is energized.
The limit stop “S” is mounted eccentrically and may be ad-
justed unti! the maximum break between “P " and “R* is about
one-sixteenth inch, or whuatever break is found desirabie in prac-
tice. The smaller the break, the quicker the key will close the
alternating-current circuit after Morse key is depressed, but it
must be large enough to insure a positive break.

(2) The send-receive portion should then be adjusted, the limit-
ing stop on the upper terminal block “ N ” being fixed in such a
position that, when plunger is in, the spring contact “JM?” is
forced away from the limit stop by about three thirty-seconds of
an inch. Care must he taken, however, that it is not possible
for the moving contact arm “L"” to come up against limit stop.
The lower gpring contact *“ M’ ” and its limiting stop “ O ” should
then be adjusted. The clearance between the two spring contacts
should be about five-sixteenths inch, so that there will be no
danger of sparking over from the transmitting to the receiving
position.

(3) When in the *“receive” position, the lower spring contact
M’ must be forced away from the grounded limit stop “O” by
about one thirty-second of an inch. The object of “O” is to
ground the antenna and receiver momentarily in order to dis-
charge any charge which may remain on the antenna as it leaves
the transmitting position. The limit stop “J” should be finally
adjusted to prevent the central moving system falling farther
than necessary. The total movement of this central moving
system should be about three-sixteenths of an inch.

(4) Particular care must he taken in adjusting the kay to in-
sure that the send-receive switch remains in the transmitting
position until after the low voltage transmitting current has been
broken, and vice versa, when Morse key is depressed. gend-receive
switch must be in transmitting position before contact hetween
“R" and “Z" is closed.

31-178. (1) The following procedure should he followed in tun-
ing the auxiliary transmitter:

(a) Digconnect the antenna,
(b) Start motor generator set.
(¢) Adjust speed to give 250 cycles.

31-55
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(d) Set spark gap to not over one-sixteenth of an inch.

(e) Reduce alternating current voltage until it is just sufi-
cient to spark across the gap.

(f) Pull the coupling plunger on the coupling board one-
half way out., Leave it in this position throughout
the operation of tuning.

Tuning eclips. (2) There are two sets of tuning clips provided on the induc-
tance rods. One set is springy while the other is stiff. The stii¥
clips should be set close to the top of the primary inductance ro.is
and clamped in this position. They are intended to be used when
a second and longer wave length is assigned.

Primary cir-  (3) The set of spring clips should be set on the primary in-

culy tuning. ductance rods at the points which will give a primary circuit
wave length of 130 meters. The procedure for this operation
follows:

(«) Press the key.

(b) Set wavemeter so that it is coupled with the primary
circuit.

(¢) Adjust position of spring clips until the primary cir-
cuit is tuned exactly to 150 meters.

Care must be taken to have the same amount of inductance in
each side of the circuit; that is, the spring clips should be at
the same distance from the insulators at the bottom.

NA%'!;;;“;;“ (4) After the primary cireuit has been accurately adjusted the
antenna circuit should be tuned. The method in which the an-
tenna circeuit is tuned to resonance with the primary circuit when
the maximum reading is cbtained on the antenna anmmeter must
not be employed because of its inaccuracy for this type of trans-
mitter. The wavemeter method should be used. The wavemeter
should be coupled to the antenna lead somewhere above the radio
room. 13Vith the wavemeter in this position vary the position of
the tap on the antenna loading coil, type SE 3532, until the
radiated wave is exactly 150 meters.

du:{ﬁ:xll‘xisins In-  (5) If more than one and one-half turns of the antenna load-
ing inductance are required to obtain 150 meters more inductance
should he added by forming a loop in the parallel copper strips
leading from the coupling board to the antenna break relay, as
shown in figure 31-6.

mfr.?nﬁ: ‘t‘oft‘r;‘(,‘f (6) Tt should be rememniberea that the inductance in the an-

mitter and re- tenna loading coil ix also in series with the Model “ G ™ receiver

eelyer, when receiving, If too many turns of inductance are used in
the loading coli it will be impossible to use enough inductance in
the primary of the receiver to obtain best receiving conditions.
Therefore, never use more than one and one-half turns in the
antenna loading coil, but increase the inductance as explained
above. .

Adjustment of  31-170. (1) After the transmifting set has heen adjusted to the

LN - tp correct wave length sct the gap at three-eighths inch. Press the

catt, key and adjust alternating current voltage to about 140 volts,
frequency 240 cxcles. If a good clear note is not obtained, vary
the alternating current voltage slightly above or below 110 volts
If thix does not give a good clear note, with no breaks or spits,
the reactance of the primary circuit must be adjusted.

”
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(2) Adjustment of the pritsary circuit is accomplished by shift-  Reactance.
inz the position of the terminal on the variable reactance coil
which is located in the base of the transformer. Choose the tap
which gives a clear clean spark note as observed in a receiver.

This condition can and should be obtained.

31-180. The coupling between the primary and antenna circuits Coupling,
is cloeest (tightest) when the plunger of the coupling board, type
SE 8366, is pulled way out.

31-181, To obtain increased power it is better to use tight
coupling rather than a long spark. The gap should not he opened
up more than three-eighths inch, On the other hand, the spark is
inclined to arc if the gap is shortened to less than one-eighth inch.

Power.

PART 5. —TFATLTS AND RIMEDIESR,

31-185. (1) In general the faults and remedies for this set are  General pre.
the samne as for the Navy standard 500-exvcle quenched-spark trans- cautions,
mitter previously deseribed.  All parts of the transnitting set
should be kept clean and bright.

(2} The successful operation of this type of transmitter depends
practically entirely on the condition of the spark gap and the
adjustinents, The spark gap surfaces should be cleanedt fre-

TO ANTENNA BREAK RELAY
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f_.::
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TO COUPLING BOARD

'

Fre, 31-6.—Method of arrancinz leads to iacrm ase inductanee.

quentiy and either trued up or renewed when worn to such an
extent that the sparking surfaces are nst parallel

(R) The oap supnorting inatdators should he wiped clean
duily.  The porcelain insulator which serves as o tip for the
Plower ~heuld be correctly piaced so that the three lines of air
meet on the center line of the gap. This is very mportant in
crder that nroper quenching of the spurk will occur.

31-156. (1) Ir interference is experienced when receiving Inier‘x;i:::;-c.m in-
the main radio room while transmitting with the auxiliary spark )
transmitter it is generally an indication that (a) the set ix not
operating properly or (b) there is sparking in the rigging, ete.

(2) The first part of the interference can be removed by proper  Possible reme-
adjustment of the transmitting set itself. The second part of the 2;}1,{" interfer-
interference, due to sparking in the rigzing, ete., will, of course,
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remain and must be dealt with locally, as conditions will vary
in different vessels, A very probable cause of interference and
one that would be difficult to eradicate is the spark that may
cecur at points where there is a bad or partial electrical con-
tact between the different parts of stanchions, stays, guyvs, and
running rigging, ete. Discontinuities in the lead casing of electric
cables and places where thimbles and eyes are served with hemp
or partially insulated from the wire rope or shackies will possiblv
cause trouble. This can be remedied by making good electrical
contact across them. A very minute spark may cause serious
trouble, especially if the wave length of the circuit in which it
occurs should happen to be the same as that of the auxiliary
transmitter. Sparking in the rigging under these conditions has
an effect similar to that preduced by other types of spark trans-
mitters and is very diflicult to remove.
Tse of refee- (8) The interference in the main radio room by the auxiliary
tor. set should be extremely small and the ordinary adjustments ot
the rejector will eliminate it.
Kparkingin (4) Interference in the auxiliary from the main radio trans-
rigging. nitter is much harder to remove, All sparking in the rigging
must be absolutely stopped before anything further is done, Al
stays must have their ends efficiently grounded.

auli‘"ﬁ'}fx:f"aﬂf (5) It is important that the auxiliary antenna should be at

tenna. the greatest angle possible relative to the main antenna and
down leads. In additien it should not be run parallel to any
stays.

(C) MnTOR BUzzZER TRANSMITTERS.

PART 1—GENERAL,

Purpose, 31-200. The motor buzzer transmitter is of simple construction,
low powered, and is used for all short-range communication pur-
poses.  Its mormal range in daylight should be from 50 to 100
niiles when it has been correctly adjusted.
m;i"“”fil qusll- 31201, The motor buzzer transmitter makes a very desirable
addition to the transmitting equipment of a battleship, because
its radiation is even less than that obtainable with the 2 kilowatt
quenched-spark transmitter. Further, hecause it is operated with
looser coupling between the closed oscillatory and antenna cireuits,
it does not interfere with nearby receiving stations to the same
oxtent ax would a quenched-spark transmitter using the same
power input.

Types, 31-202. The motor buzzer, as first developed, was not a com-
plete transmitter in itself; it was built for use in conjunction
with part of the standard quenched-spark transmitter of 2, 3, or
10 kilowatt capacity in order that spark transmission could he
carried on with powers lower than the lewest obtainable with only
one gap of the main transmitter. It can not he used satisfactorily
with a transmitter smaller than 2 kilowatts, for the reason that
the transmitting condensers of sets smaller than that size have
too small a capacity for the proper operation of the buzzer. 'fhe
model BC motor buzzer transmitter is of the type just mentioned,
and is supplied for use on either 120-volt or 240-volt suppiy.
The model BD mictor buzzer differs from the model BC in that it
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is a complete transmitter by itself. This set is for use on vessels
which are not fitted with quenched-spark transmitters, such as
the arc-equinped vessels,

PART 2—THEORY.

31-203. A simplified diagram of the essential parts of the motor Genersl,
buzzer transmitter is given in figure 31-7. It will be seen from
the figure that the usual alternator is not used in this type of set,
but an interrupter instead. The entire circuit from the DC supply
to the wave changer is rather novel in its operation. The theory
of the transmitter is as follows:

31-204. The direct current from the ship’s supply (80, 125, or Direct-current
240 volts) is led to the buzzer wheel W through two iron core'“pp]"

INDUCTIVE
K coum.sﬁ)

&

.al]i!

I1e. 31-7.—Simplified diagram of motor buzzer trapsmitter.

inductances I, the power regulating rheostat R and the key K.
The huzzer wheel W is rotated by a small motor at a constant
speed, and is made of brass with ten insulating segments set into
its periphery. The brush B bears alternately on metal and in-
sulation as the wheel revolves. The brush B, is used to make
the connection from the brass wheel to the circuit. It will be
seen that the purpose of the buzzer wheel is to interrupt the direct
current.

31-205. (1) Assume that the key K is closed, and that the vwheel buf;l;‘“;,:e‘;;' of
W revolves until the brush B makes contact with the metal of the
wheel. This completes the direct-current.circuit as stated above.
The direct current starts to flow in the circuit KIBWBIR; hut,
on account of the larze inductance of the two coils I, it takes an
appreciable length of time for the direct current to reach its
maximum value, A strong electromagnetic field is set up about

each of the inductances I. Energy is stored in these fields.

(2) Assume further that the wheel again rotates sufficiently to r"}}?"“‘“ supply
bring the brush B on an insulating segment. "he dlrect-current
circuit is then broken. and a high voltage exists at the brushes
BB.  This voltage is generated by the collapse of the electro-
magnetic lines of force on the turns of the coils, and is much
higher than the snpply voltage, because the lines of force collapse
much more rapidly than they build up. The effect is the same as
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the inductive * kick " when a motor or generator field switch is
suddenly opened.
m?u"i‘;_m saPPlY (3} The circuit through the wheel W is broken by the insulat-
ing segment, and this suddenly generated high voltage causes a
current to flow in the circuit CLO, and the capacity C is charged.
Iu thix manner the energy which was first stored in the fields
around the inductances is now stored in the capacity C, which is
the condenser of the closed oscillatory circuit of the transmitter.
(4) As the buzzer wheel W revolves, the brush B gradually
approaches the metal segment of the wheel; but just before it
touches the metal, the voltage of the condenser C causes a spark
to jump the gap between the wheel and the brush B. When this
spark passes, oscillations are set up in the circuit BCLOB. Tle
frequency of these oscillations corresponds to the wave length to
which this circuit has been tuned.
Tramsfer of . . .
poewer, (5) The power is transferred from the closed circuit to the
antenna circuit by means of induction, through the inductive
coupler of the wave changer. The operation just described is
repeated as the wheel revolves.
(6) It should be noted that the buzzer wheel performs two
functions, that is, it interrupts the direct current and forims the

NO SPARK

Acts as spark
BEp.

METAL OF WHEEL

INSULATING
SEGMENT

SPARK

F16. 31-8.-—Buzzer wheel with brush in various positions,

spark gap. No spark occurs when the brush Jeaves the metal to
pass on to the insulation, but does occur when the next metal seg-
ment approaches the brush. The spark, therefore, takes place on
the under side of the brush B, between it and the approaching
metal segnient. Figure 31-8 shows the brush B in three suc-
cessive positions with respect to the buzzer wheel. Position 1
shows the brush making contact with the metal, which is the
position at which the supplied circuit is closed. Position 2 (no
spark) shows the brush resting on the insulating segnent, dur-
ing which time the condenser C is being charged. Position 35
shows the brush close enough to the approaching metal segment

for the spark to pass.
Radlation. 81-206. The rheostat “ R " ig used to vary the radiation of the
motor buzzer. When all resistance is in the circuit, the radiation
is extremely low, of the order of several milliamperes. With
ali resistance out, the radiation should be approximately 2

amperes.

Spark fre- 917207, The speed of the buzzer wheel may be varied by a field
Guency. rheostat supplied with the set, through a range of from 2,000 to
8.000 revolutions per mimite corresponding to @ variation in

o

spark frequency of from 828 o 360 sparks per second. 'The spark
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frequency of standard Navy spark transmitters is 1,000 per
second. It will be noted, therefore, that the note of the buzzer
transmitter is inherently low compared with that of a quenched-
spark set. When the set is properly adjusted, the note is clear
and very distinctive.

81-208. The inductances I are also adjustable. The best ad-
justment for various wave lengths, powers, and wheel speed must
be found by trial. The value of inductance used is most largely
a function ¢f buzzer-wheel gpeed and power.

PART 3.—DESCRIPTION.

31-209. Figure 31-8 is a schematic diagram of the model BC
motor buzzer circuit. A brief description of the various parts of
the circuit follows:

31-210. (1) The buzzer assembly consists of the buzzer motor,

mounted on a single base.

31-61

Inductances,

Buzzer sssem-
interrupter wheel, brush rigging and motor buzzer relay, allbly.

(2) The motor is one-fourth horsepower shunt wound, equipped Byzzer motor.

with thrust bearings, so that all end play is eliminated. While
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this motor only requires approximately 50 watts for operation
under the load imposed by the brushes, a one-fourth horsepower
motor is used to secure the reliability and ruggedness not usually
inherent in motors of lower rating. Ample spares are supplied
which should maintain the set in satisfactory condition indefi-
uitely.

(3) The buzzer wheel, type SE 1515 A, has wica inserts firmly
secured in the rim, this material having been selected on account
of its wearing qualitics, and for its insulating properties.

(4) The brush holders are designed to insure that the brushes
make contact with wheel at angles which have proven most satis-
factery. The brush pressure is adjustable through a range which
insures most efficient, operation.

(5) The motor huzzer relay, tvpe SE 3633, mounted on motor
buzzer base, is a component unit of the hreak system. This relay
O is indicated in the schematic diagram of the motor buzzer and
is provided to open the oscillating circuit of the motor huzzer
transmitter hetween dots and dushes, both to eliminate the possi-
bility of the motor buzzer n:ctor noises being communicated to

Buzzer wheel,

Brush holders.

Motor
1ay.

buzzer
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the receiver, and to prevent loss of received power in the oscil-
lating circuit of the motor buzzer transmitter. It is equipped
with ground clamps for 4,000 circular mil lead covered cable, and
includes a type SE 3651 coil. This relay should not be included
in the circuit of the motor buzzer transmitter until a complete
break-in system is installed, at which time additional instructions
will be issued covering its operation. TUntil the break-in system
is installed, the solenoid of the motor buzzer relay should be left
out of the circuit, and a jumper placed across the relay contacts,
permanently closing the break.
um'tf“”“““ 31-211. The impedance unit, type SE 3559B, consists of two sep-
arate coils, one in euch side of the direct-current supply to the
buzzer wheel, wound on a common open laminated core. Taps
are brought out from each coil to a dial switch on top, a separate
switch being provided for each coil. The total inductunce of each
side of the impcdance unit is approximately 3 henries.

31-212. (1) The power changing resistance, type SE 3639, is
of the enameled type, built for bulkhead mounting, and is enclosed
in a substantial perforated case. The resistunce steps provided
are as follows:

Power change
ing resistance,

Ohms.
1 0
e 25
B 40
S SO
2 250
6 675
L 1, 360

(2) The supply voltage will be impressed across the resistuances
intermittently and they are so constructed that full supply voltage
must not be impressed across any step and common terminal con-
tinuously. It has been necessary to make this restriction to hold
the dimensions of the power-change resistance within allowable
Hmits,

m\“&fi’f":ﬁe‘_ﬂ“" 31-213. The antenna ammeter panel, type SE 1698, includes
a type CV 2179 O-2 ampere antenna ammeter, and a transfer
switch for cutting this meter in and out of the antenna circuit.
An auxiliary blade is supplied which opens the solenoid coil of
the clapper switch in the 500-cycle circuit of the main transmitter.
When the transfer switch is in what is normally the “open”
position, the O-2 ampere ammeter is cut into the antenna cir-
cuit in series with the antenna ammeter of the main set. At
the same time, the second blade of the switch opens the clapper
switch solenoid circuit, making it impossible to transmit on the
main set when the O-2 ampere ammeter is in circuit.
”g'u?a%o‘;." speed 81994, The motor speed regulator, type SE 1489, consists of a
) rheostat connected in series with the motor field, and is capable
of varying the motor speed through a range of 2,000 to 3,000
revolutions per minute on a voltage supply of either 80 or 120
volts, A stud is located in the face of the switch, which should
be so assembled that, when the set is used on 120-volt supply.
the movement of the switch is restricted, preventing the opera-
tion of the motor at speeds above 3,000 revolutions per minute,
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On a supply voltage of 80, the stud should be so assembled that the
switch has full range, including all contacts. This is the only
change in the operation of the set from 80 to 120 volts.

31-215. The cover provided for the buzzer and brush rigging
in model BC transmitters is intended to eliminate the noise inci-
dent to the buzzer spark. In addition to the cover, special soft-
rubber feet and bushings are supplied to be used in mounting the
buzzer on the operating table. These mountings are so con-
structed that the only mechanical contact between the buzzer base
and the table is through them. By this method of mounting, any
vibration in the motor hase due to the high speed of the buzzer
motor is not communicated to the operating table.

PART 4.—OPERATION.

31-217. (1) When the motor buzzer set is installed, the spark
set should be tuned in conjunction with the motor buzzer so that
transmitting may be transferred from spark set to buzzer set
without further tuning being necessary,

(2) This balance may be established by adjusting the connec-
tions to the quenched fap on main et so that the total inductance
of the primary oscillating cireuit of he main set is equal to the
induectance of the oscillating cireuit of the motor buzzer set, which
consists of the buzzer wheel, buzzer brushes, motor buzzer relay,
motor buzzer leads, condensers of main set, including leads and
primary of the inductive coupler of main set, This may be read-
ily accomplished as follows:

(a) Before tuning the quenched-spark transmitter, open the
antenna circuit and connecet leads frem the front ¢f the wave
changer panel to any peint on the primary coil of the inductive
coupier., QOperate the spark set at low power, and measure the
wave length of the primary cscillating cireuit by a wavemeter,

(b) Shut down the quenched-spark motor generator, plug in
motor huzzer leads to terminals of quenched gap on wave changer
panel, start motor buzzer, adjusting impedance and power until
# good note is obtained. Measure the wave length of primary
oscillating circuit by a wavemeter, leaving the connection on the
primary coil of the induetive coupler intuct. It will prohably be
found fhat the wave Jength with motor buzzer i3 approximately
14 meters longer than with quenched gap, due fo the greater
inductance of the motor buzzer connections.

(3) Due to the fact that the motor huzzoer spark is not quenched
as rapidly as the spark of the mai
wave than the quenched-spark set. This is due to the inherent
characteristics of the buzzer set, and can be corrected only by
using the loosest possible counling when sending on the motor
tizzer i e., move the secondary coil of the inductive coupler as
fur from the primary coil as the construction permits, This
will resilt in a «omewhat Iower radiaticn than would be obtained
by tight coupling, but the decrement will be lower—i. e., the radi-
ated wave will be sharper, and will therefore cause less interfer-
ence on other waves, T.oosening the coupling, when transmitting
on the motor huzzer set will not require readjustment of antenna
or primary circuit tuning.,

<8156°—22 5

¢ {5 il padinta a4 il
n get, it will radiate a hroader

31-63

Mounting,

Balancing,

Tuning prl.
mary of quenche
edsspark  tramss
witter,

Putting moinr
buzzer into elr-
cuit,

Relation of

conpling and dee-

rement,



31-64

Wave lengths,

Te transfer to
motor buzzer set.

CHAPTER 31,

31-918. The motor buzzer transmitter is intended for use on the
same wave lengths as the quenched-spark set with which it is
installed, and should be used whenever its output is sufficient to
cover the required range, in order to eliminate the unnecessary
interference caused by radiating more power than is required.

31-219. To transfer from quenched-spark set to motor buzzer
set, the following operations should be performed in the sequence '
siven :

(1) Stop motor-generator of spark set.

(2) Insert plugs of motor buzzer leads in quenched-gap termi-
nals on front of wave changer pancl.

(83) Throw ‘“key transfer switch ” to * buzzer 7 position.

(4) Throw switch on radiation ammeter panel to “buzzer”
position.

{3) Bave at least three gap units of main spark set gap in cir-
cuit to insure spark ocenrring at peripheral brush of buzzer rather
than in gap of main set.

(8) Loosen coupling of inductive coupler (wave-changer) of
main set as far as possible in order to decrease the decrement of
the buzzer set. If it is foupd that sufficient power can not be
obtained by cutting cut power changing resistance, coupling muy
be tightened slightly. The buzzer should never be used, however,
with less than 4 inches separation between primary and secondary
coils of the inductive coupler.

(7) Cat out all resistance in buzzer motor field rheostat, and
close buzzer main line switeh. The closing of this switch will
start motor by placing it directly across the Iine.

(8) Transmit by Morse key.

)

Indication of 31-220. When the antenna ammeter transfer switch is thrown

radiation.

to “buzzer” position, the radiation of the motor bhuzzer is indi-
_cated on the 0-2 ampere antenna ammeter. The maximum
radiation obtainable by this set is approximately 2 amperes,

Character of 51991 The motor buzzer spark should be crisp and clear cut,

spark.

occuring under the brush, i. e., between the peripheral brush an:l
the leading tip of the metal segments. At low powers, the spark
is quite small, and makes no noise. At full power heavy sparking
occurs. This is not to be considered as undesirable because the
more powerful the spark the greater the range obtained. The
peripheral brush will wear away comparatively fast at full
power, and will require renewal of the sparking end, either by
cutting off and trimming the old brush or replacing by a mew one.

Always use as much resistance in the circuit as possible, con-
sistent with the range required. This will not only reduce inter-
ference, which is the chief object of the motor buzzer transmitter,
hut will also aid in keeping the brushes and wheel in good
condition.

PART 5.—FATLTS AND REMEDIES.

Cleaning the 81-993. The wheel should be kept bright and clean by the use

wheel,

of metal polish only. Abrasives, such as sand paper or emery
cloth must not be used, since they will cause a deposit of metallic
particles in the insulating segments and reduce their effectiveness,

Improper po- 31-224. Under certain conditions, it will be found that the spark

sition of spark-

irg.

becomes long, taking place between the peripheral brush and the
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trailing tips of metal segments. Under such conditions, practi-
cally no radiation will be obtained. This is caused either by
using too high power, by the oscillatory cireuit being open, or by
an improper adjustment of impedance. If, while transmitting
it is noticed that radiation falls appreeiably, it is very probably
due to the above reasen. The impedance and power should be
readjusted.

31-225. The leading tips of the metal segment will, in time,
become pitted. If this becomes had enough to interfere with
satisfactory operation, & light cut should be taken off the periph-
ery of the wheel, This cut shouid be carefully made, in order
that the wheel will remain perfectly true. The wheel may be
dressed in this manner as often as necessary until the depth of
the insulating segment reaches approximately inch, when wheel
shoulil be replaced.

31-226. A poor note may be due to:

(1) Wheel not running true, which will cause brushes to
chatter and give rige to a hroken note.

(2) Sparking over at the wheel, as described above.

(3) Dirty or pitted wheel,

(4) Loose hrush holders.

31-227. Failure to get a spark at buzzer wheel may be due to
thie following:

(1) Less than three gap units of main set in cireuit, in which
case spark is possibly passing there.

(2) Secondary circuit of main set transformer hasg not heen
opened.

31-228. Motor buzzer leads, type SE 3643. are designed so that
their inductance is as small as possible. in order that the motor
buzzer may be connected to the escillatory circuit of the muin
spark set without varying the constants of this circuit sufficiently
te require retuning.

SecTroN IIT.—ARe TRANSMITTERS.

PART 1.——GENLRAT,

31-250. The arc transmitter is used in the service for most
medium and all high power continuous wave transmission. It
is used on shipboard as well as at shore stations. Practically
all the transmission effected by means of the are is of the CW
telegraph type. The 2-kilowatt and 5-kilowatt ares are additionally
equipped with the chopper for ICW transmission. The use of
the chopper, however, materially decreases the range of the arc
transmitter,

31-251. The arc transmitter supplies current to the antenna
continuously (except when the chopper is used), The decre-
ment of the transmitted wave is zero except when high-speed
signaling is done. Tor this reason CW signals will tune in
very sharply on the receiver; in fact, when (‘W signals tune in
broadly, the trouble lies in the receiving system. The antenna
cireuit of the receiver may have a high decrement and this, coupled
with the action of the secondary circuit of the receiver used
for autodyne reception (beat method) causes most of the inter-
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ference phenomena. The secondary circuit of the receiver is
purposely detuned from resonance from the incoming signal and
the antenna circuit of the receiver in order to obtain enough
beats per second to render the signal awdible. This detuning is
most marked at the longer wave lengths, and the remedies for
this condition have been incorporated in the model RB receiving
equipment.

31-252. As soon as signaling is done with CW transinission,
and espeecially at very high speeds, the continuous wave is given
an effective decrement which is closely related to the speed at
which the signaling is done. This is caused by the fact that the
oscillations in the antenna gradually build up to their maxi-
mum amplitude when the key is pressed and decrease gradually
when the kev is opened. Hence, as the signaling speed is in-
creased, the time consumed during the huilding up and dyving down
of oscillations becoines an appreciable part of the total time os-
cillations are prexent in the antenna. Signaling acecomplished by
hand dees not have suflicient speed to give the continuous wave
1r;m<mi<<ion an appreciahle decrement.

31-253. The are transmitter is a simple means of cbtaining
continuous waves and is used in the service because of its sim-
plicity, ease of operation and great flexibility. Tt can be used on
practically any antenua. does not require high speed, compli-
cated generators and contrels, such as the high-frequency alter-
nator, and can transmit on practically any wave length,

PART 2.—THEORY.

831-254. The arc converter, as its name impliez, is a device
which cenverts direct-current power into alternating-current
power. The input to the arc is direct current while the output is
alternating current. The frequency of the output curreni geuer-
ated by the arce depends upen the electrical constants of the circuit
in which it is included; in the usual case it depends upon the
inductance and capacity of the antenna.

31-255. An arc is capable of self-generating oscillations hecause
of the way in which the resistance of the ave depends upen the
current flowing through it. In an are, the ¢urrent is carried by
the vaporized material of the elo(‘tludo,\. The heavier the current
through the are, tlic hotter it becomes, the moere vapor is supplied
to conduct the current, and henee the resistunce of the are is
lowered. In fact, the resistance decreases at a faster rate than
the current increases so that the voltage drop across the are, which
ig ziven by the produect of the are current and the resistance, is
tess for large currents than it is for small.

31-256. The customary cirenit used for generating oscillations
is that shown figure 31-9. The direct-current generator supplies
the current to the arc through the field coils. These coils serve
three purposes. They supply the magnetic field and, hy virtue of
their high inductance, act as choke coils so as to keep the direct
current constant, and alzo prevent radio-frequency currents from
flowing through the generator circuit. The are is struck by short-
circuiting the electrodes and then the arc is drawin out until it
becomes active and oscillations hegin.
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31-257. The operation of the arc is directly dependent upon the rc‘?norﬂ‘»iou of
negative resistance characteristic stated above, When the arc is
functioning the flow of current from the antenna on discharge
adds to the current from the generator, thicreby reducing the re-
cistance and facilitating the discharge. With reversed flow of
the oscillating current through the arc into the antenna, the are
resistance increases, due to the smaller total current through it.
This causes the direct current generator current to be diverted in
part inte the antenna, thus supplyving the encrgy to the antenna
svstem required to keep it oscillating,  Generator current ix sup-
plied to the antenna during the whole charging period.  Once the
initial oscillation is started, following oscillations increase in
anmiplitude until lmited to a steady value by losses.  Approxi-
mately 0 per cent of the geperator energy is delivered to the

L ANTENNA

LOADING
STARTIMG CQiL
kE SISTANCE
rj FioLn coms
o.C. COPPER
GENERATOR < ARC
CARBON

——

21-0 --Nimplifed arce transmitier cireait.

antenna. The remaining 5¢ per cent supplied by the generafor
during the discharee half of the cyvele ix lavgely dissipared in the
arce and carried off by the cooling system.

81-258. When the arc is functioning properiy, the amplitude (sfw‘iﬁg};:i‘;‘“c of
the oscillating current will be equal to the value of the direct rent.
current supplied to the arvc. =o that the total are current drops to
zero when thiese two currenis are flowing in opposite directions
through the are. When flowing in the same direction through
the are, the total current will be twice that of the direct current
supply. The antenna ammeter reads the effective value of the
oscillating current, which is 0.707 times the maximum amplitude.

If, therefore, the amplitude of the antenna current is equal to the
direct current are current. the reading of the antenna ammeter
will he 0.707 times that of the direct current ammeter,

31-259. (1) Signaling for are transmission ix gecomplished bymggsna“ns 8ys=
two general methods: :

(¢) Compensation,
(b) Uniwave.

(2) Method («¢) uses two wave lengths just far enough apart _‘i'lfo‘(‘i‘.l"‘“““"“

to permit reception of one without sericus interference from the
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other. The sending key controls a certain definite anmount of in-

ductance in the antenna circuit either by direct shorting of

one or more turns of the loading inductor or by shorting loops

which are inductively coupled to the loading coil. In both cases

power iz radiated continuously, one wave being emitted when the

sending key is open and the other wave when the key is closed.

Uniwave metn-  (3) Method (%) transmits only one wave, the arc output being
od. diverted into an absorbing circuit when the transmitting key is
open. Figure 31-10 shows the elementary circuit of the type

ANTENNA

CIRCUIT \

\ _ABSORBING

\CiRCUlT

COPPER

DC. _
SuPPLY XX ARC
<—=_ §CARBON
Cl
RE

'z, 51=100--Are uniwave Loy cireuit,

SE 1822 uniwave key for 30 kilowatt arcs. The key K operates
to divert the arc output into either the antenna circuit, as shown,
or into the abhsorbing circuit. R and R. are moderately high
resistances connected across the contacts to eliminate sparking
on the break,

,ofn':f;;”*(;ig;{;’.‘ 31-260. A simple arc circuit is shown in figure 31-11 with the
conilenser (U replacing the antenna. By the addition of L, figure
31-12, in parallel with I, across ., the total condenser current is
divided between 1. and L., But, as previously stated, the oscillat-
ing current through the arc bears a fixed relation to the direct cur-
rent meusured by A, Tt is evidenr thar only the are oscillating
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current will pass through I. But the energy to maintain the
oscillating current in the circuit I,L can only be supplied from
the are. This can not be by increase of current. Therefore, the
voltage must be increased. It is in effect as though the arc were
working into a circuit of higher resistance.

®

D.C. —
SUPPLY X ARC g -]

@)
all

Fie. 31-11.—Arc current-transforming circuit,

31-261. This circuit. with the condenser C replaced by an an- Application.
tenna is known as the current transforming circuit. It finds
application where the antenna is of low resistance, when, instead
of having to work at a low voltage on account of the limited cur-
rent which can be passed through the arc coils, it is possible to
handle a reasonable current at a greater voltage and at the same
time utilize the full capacity of the anteuna. The division of
current between L and L, is in inverse ratio to their values. but
the practical limit is a 1 to 1 ratio and frequently less under the
operating conditions met in arc installations.

L
) I
c
D.C.

SUPPLY X ARC -1
-

A,

\ &

Fic. 31-12.—Simplified current-transforming circuit.

31-262. Figure 31-13 shows the actual circuit which it is found Practical cir-
necessary to install. C, and C: are large series condensers to pre~f :
vent short circuiting the generator through L and L. Cyr and
C,r, are connected around C, and (., respectively, to prevent long
wave oscillations being set up in the circuit C,LI,C. The cur-
rent transforming system will be applied to 2 kilowatt and 5
kilowatt arc transmitters for use on shipboard.
31-263. The following arc transmitters are now in use in the
service.
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Type N | Powerin | Yol Use | Method of signaling
¥pe No. kilowails.j ax;g:em— se. |2 ethod of signalingz.
i ]
Model K 21 350 . Naval vessels. Chopper, back shunt,
Model Q .. 2 ! 500 ! Merchant ve Do.
Model X............. : 2 [ 500 | Navalvessel Chopper, ignition key.
! 5 500 1..... do.... Do.
Model CT 1201....... 20 [P Compensation wave.!
20 Do.
Model CT 1035....... 20 Do.
Model CT 1042....... 30 Do.
168 Do.
200 ; Do.
300 Do.

1 The uniwave key is to be installed with 29 kilowatt and 30 kilowatt! arc irans-

mitters.

Nore—The motor of the motor generator set is wouid to corre-

spond with the local power supply.

PART

3. -—DESCRIPTION.

31-264. (1) Following is a description of the arc transmitter,
the fo-kilewati ave transmitter (Contract Noo 15 of 1015) belng

chosen «g a typ

e get,

F1c, S1-130.—Actual current-transforming circuit for ares.

(2)

b. Arc conv

crter,

¢ Wave changer and inductanice system.
d. Auxiliary apparatus.

The fundamenral parts consist of the following:
a, Power equipnnent.
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31-2G5. (1) The power cquipment consists of the motor gen-
erator with its controls, and series starting resistances for the
arc converter,

(2) Tower is supplied to the arc by a direct-connected motor
generator set, consisting of a 31l-horsepower direct-current motor
(for shipboard use) and a 20-kilowatt 600-volt direct-current
generator,

(3) Disconnecting switches for the direct-current generator
armature and tield are mouited on a small panel

(4) Motor starting panels are provided for both hand and auto-
matic starting of the motor. The automatic control is operated
Ly push-button switches on the operator's table or on the con-
tactor panel itself. A transfer switch on the contactor pinel is
uxed for selecting local or remote control. A scparate panel
carries a transfer switch to change from hand to automatic con-
{rol, or vice versa,

(5} The control switchboard is mounted in the operating room
and carries all the necessary apparatus (with the exeception of
the push-button switchies) for remote control of the niwotor, gen-
erator, and are converter. The push buttons for starting and stop-
ping the motor are mouated in a position convenient to the
operator, usually on the table in front of the switehboard.

(6) A 16-step drum controller for operating the are converter
is meunted on the switchhoard. It performs in the proper we-
quence the operations of starting the cooling water pump, the
hydrocarhon feed, @n:d the carhon rotating motor, of ciosing the
relay key control circuin, the are main line contacrors, the are ex-
tinzuishing contactor, @il the generator field circuit, of releasing
the are striking mechanisin, of raising the direct-current voltage
to 600 volts in small steps, and of cutting out the arc starting
resistance.

(7) The arc-adjusting mechanism is a part of the are drum
controller and is mechanically interlocked with the latter so tha
the arc can he struck only at the proper generater voltage and
with the are starting resistance in circuit.

(8) The hydreccarben coufrol consizsts of two sight feed cups
with the required amount of piping, The cups are mounted on
the switechboard, The amount of flow of the liquid I:ydrocarbon
is regulated by adjustable needle valves. Flow to the are is mag-
netically started by the drum controller (step two). One cup is
for aleohol and the other for kerosene.

31-260. (1) The arc converter consists of one bedplate, two
geries field ceilg, counterpeoise, two pele pleces, chamber, anodo,
cathode, anode and cathode fittings, water-cooling system, arc-
striking mechanism, outlef pine for exhaust guases, rotating moter,
and geariag necessary for rotating the cathode.

{2) The series field coils are placed one below and one ahove
the arc chamber, the lower one resting on the bed plate and the
upper one on the top of the chamber, These two colis are con-
nected in series in the positive side of the arc supply line, the
cireuit heing completed through the anode, are, cathode, back to
the generator.
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(3) The counterpoise is placed on top of the upper series field
coil.

(4) One pole piece passes through each series field coil and
projects into the are chamber.

(5) The arc chamber is a hollow bronze water-jacketed box
equipped with two flanges at each end to which are attached the
anode and cathode jackets. A hinged door is fitted to one side of
the chamber and an exhaust pipe to the other side. The arc
is formed between the anode and cathode which lie between the
vertical pole tips protruding through the upper and lower sides
of the chamber. The arc is blown by the magnetic field hori-
zontally outward toward the door, which is water-jacketed to
take up the heat.

(6) The anode is made of copper of rectangular cross-section
and is hollow. It is fitted with a pipe through which water
is delivered by the water-cooling system against the face of the
anode, The water returns around the pipe and out through a
separate hose connection. The anode tip is held in place on the
anode fitting by a nut.

(7) The anode fitting consists of a water-jacketed cylinder
which is bolted to the are chamber, It is insulated by an asbestos
bushing at the outer end of the cylinder or anode jacket. The
latter furnishes a relatively cool dead gas space around the anode
between the hushing and the hot gases in the chamber. TRubber
gaskets are used to make gas-tight joints between the anode and
bushing and between the bushing and the cylinder. The anode
may be removed for inspection or replacement of the copper tip
by loosening the hand wheel and swinging the yoke upward.

(8) The cathode consists of a carbon electrode, a carbon holder,
a water-cooled sheath which surrounds the holder and removes
the heat transmitted to it by the carbon, and mechanism for
slowly rotating the carbon and its bholder in the sheath, and a
device for adjusting the length of gap between the carbon and the
anode tip.

(9) The carbon is held in the holder by a split taper collet.
The length of the projecting carbon can be adjusted by loosening
the knurled knob. The carbon holder can be varied easily and
quickly removed for the substitution of a new carbon electrode.

(10) The cathode sheath furnishes the bearing surface on
which the carbon holder slides and rotates. The former motion
is for striking the arc and adjusting the arc length. The cathode
is built for remote control at the switchboard. The carbon elec-
trode rotating motor rotates the carbon holder, being connected
to it by a worm gear. The rate of rotation is very slow. The
motor ig secured to the arc chamber.

(11) The water-cooling system consists of the storage tank
(capacity of about 200 gallons), pipe connections, valves, motor
driven pump, rubber hose connections to the water jackets of the
arce chamber, anode, and cathode., The passage of the water is
fromn the bLottom of the storage tank through the centrifugal
pump, circulation indicator. the anode, the anode jacket, the
chamber door, the arc chamber, the cathode sheath, and back
through the return pipe to the top of the tank. It will be noted
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that the cooling water is supplied first to the anode tip, because
it is necessary that the anode he kept as cold as possible for the
proper operation of the arc and in order to prevent melting of
the anode tip. Fresh water only is used in the water-cooling
systemn. The storage tank is equipped with a coil through which
sea water is passed in order to cool the circulating water. This
is especially necessary when the arc is used continuously over
Iong periods and in hot weather.

(12) The outiet pipe for exhaust gases is equipped with a valve Outlet pips,
to prevent leakage of air into the chamber, but will allow any
undue pressure within the chamber to leak off into the atmos-
phere.

81-267. (1) The inductance system consists of the antenna load- tenductance sys-
ing inductance and the adjusting inductance, both mounted as a
unit on a common frame. Al the coils ave placed with their axes
at right angles to one another in order to reduce the coupling be-
tween them,

(2) The antenna loading inductance, type C'T 557, is a multiple ng enma load-
dise coil wound with special litzendraht on a bakelite frame. A
tap is brought out from each layer or disc of the coil and con-
nected to a terminal on the terminal plate in order to facilitate
making the proper connections. here are thirteen discs in the
antenna loading inductance.

(3) The adjusting inductance, type CT 539, is a helical coil Adjusting In.
wound with bare stranded copper cable, A rotating framework etance.
inside the coil carries a trolley wheel which makes contact with
the cable at any desired point. The adjustment is made by
revolving a handwheel in front of the wave changer. By means
of this mechanism the exact point on the coil which is best for g
given comnection can be determined. After the location of this
point has been determined a clamp is attached to the outside of
the coil to provide a stationary connection.

31-268. (1) The uniwave system, type SE 1822, will shortly be Uniwave sys-
supplied as equipment for all 20 and 30 kilowat arcs, therefore, tem
the old absorbing cireunit and relay key system will not be de-
seribed here.

(2) The uniwave system consists of the following parts:

(1) Transmitting key, including noninductive resistance
units.

(Z) Absorbing cirenit resistance.

(3) Absorbing cireuit inductance,

(4) Absorbing cireuit capacity.

(53) Double contact relay.

(6) Morse key.

31-269. (1) The relay key consists of eight pairs of contacts, Traunsmitting
one contact of each pair being stationary. Four puirs are used kev
for making and breaking the absorbing circuit and four for the
antenna circuit. Each pair of contacts is bridged by a non-
inductive resistance, and the four contacts of each of the two
groups of contacts, antenna an? absorbing circuits, are connected
in series. When either the antenna or absorbing circuit group of
contacts is open feur of the resistance units are in series with
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the antenna or ubsorbing circunits, respectively, incieasing the
resistance of that cireuit by a like amount.
Relay key. (2) The relay key is actuated by two solenoids, the energizing
of which is controiled by a separate double contact relay.
Adsustment (3) The adjustments of the transmitting key must be muin-
fl‘:fq'*m“»‘mlm“g tained at all times so that all contacts of each group make and
hreak simultaneousiv. While this requirement is imperarive, its
fulfillment iz comparatively simple, since the key has heen de-
signed to facilitate this adjustment. If this adjustment is
not properly made. it will evidence itself by heavier sparking at
the contact which is not in alignment. When working properly,
the sparking at the contacts should be extremely minute. It has
beer found that the antenna contacts spark even less than those
of the absorbing circuit, no sparking at all being visible tho-
greater part of the time.
Antennz  am- The antenna amineter is connected in the comnion lead from
meter. the arc to the antenna and bhack shunt circuits, so that the meter
indicates the current in either circuit.
mi‘t"‘»‘r“(};‘i’;r;nc"‘f}" 81-270. The absorbing circuit resistance consists of 24 cast-iron
erids. It is provided with a switch for cutting sections in and out.
The total resistance of the unit is 3.5 ohms. The primary func-
tion of this unit is to absorb the energy of the arc when the
Morse kev is up. It is made variable, so that the amount of
current taken by the antenna and absorbing circuits alternately
mav be equalized.
Absorbing eir - . . P . o . .
cuit inductamee. 31-271. The absorbing circuit inductance is similar in form to
the loading inductance units used in standard Navy 10-kilowatt
spark transmitters. It is made variable =o that the impedance
and wave length of the absorbing circuit may be under coutvol.
Atsorhing elr- The adjustments of this circuit are taken up later.‘
celt capacity. 31-272. The absorbing cireuit capacity for 30-kilowatt ares con-
sists of a hank of eight standard 0.004 uf mica condensers, con-
nected in two groups in series, each group containing four unitx
in parallel. With this combination, the uniwave system has been
operated for considerable periods without showing any evidence
Bouble contact of tmm-)rerature Vrise‘ ) )
relay. 91-273. The double contact reluy, which is of a common com-
mercial type, is actuated from the contacts of a Morse key and
is provided with a double-contact armuture, each contact con-
trolling one electromagnet of the transmitting key.

PART 4.~—CPERATION.

strﬁc‘;&;.”] in-  81-274. The operation of the are transmitter is relatively simple,
and no trouble shouid he experienced in starting and maintaining
aecillations at the wave lengths for which this are is degigned to
operate, especially if the antenna insulifors are clean, dry, and of
cood quality. 'The successive steps necessary to bring the are
cutput up to its full rating are se arranged that they will occur
in proper sequence. as the are drum controller is turned from

step te sten in o clockwise direction.
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31-275. To start the set after a long period of idleness: a"f:-ml"(t)lﬁlg% ])s;lt

(1) See that the water-cooling system is in proper conditionod of idleness.
with all necessary valves open.

(2) Put the antenna transfer switeh in the sending position.

(3) Take necessary steps to protect the receiving set,

(4) Adjust the arc gap to about 3z inch. The arc length is
adjusted by turning the handle on the front of the controller. The
direction in which it should be turned is shown on its face.

(3) Ree that the following arve closed: Motor circuit hreaker,

Hister main Hne switeh, all auxiliary circuit switches, geuerator
field switch, and the emergency switch,

(6) Start the motor generator set by means of the push button
switch,

(7) Start the water cireulatien pump by advaneing the con-
trolier to step 1, and see that water circulates through the systew.

(8) Start the hydrocarbon teed, close the relay key controlling
circuit, and start the carbon drive mwotor by advancing the con-
troller to step 2.

(9) Close the arc main line contactors by advancing the con-
troller to step 3.

(10) Close the generator ficl:dl eircuit by advancing the con-
trofier to =tep 4. This gives a generator cpen circuit voltage of
about 300, .

(11) Close the are extinguishing contactor by advancing the
coniroller to step 5.

(12) Advance the controlier to step 8, ansl thereby release the
are striking mechanism,  Strike the are and adjust for the maxi-
nuam steady reading of the radiation ammeter, The are is struck
by pulling out the hard-rubber handle on tlie controller until the
carben xtrikes the anode, and then releaging quickly. The are
length is indicated on its face. The arce should be preferably teo
leng rather than too short.

{13+ Advance the controlier until the voltage at which it is
desired to eperate is indicated. As the voltage is raised the arce
tength should be kept adjusted so as to give the maximum steady
reading of the radiation ammeter,

S1-276.0 §F it is desired to operate on low power the Seriuqer}t‘;“fnf’ow" op:
resizstance should be left in circuit, The centroller should, there-
fare, not he advanced heyond position 9, as this resistance is short
circuited on position 10.

31-277. If the are breaks or goes ouf, return the controller to Are zoes oul.
siep 6 aund repeat operations 12 and 13 above.

S1=278. o stop the are for a short period, return the controller M_""
to step 2 oand Jeave it in that position. This allows the hydro-
carbon tiow to continue and thus insures the presence of gas in
the chamber when the ave is started again.

D Stop aic
short period,

31-279. To start the arc after a short period of idleness: mi‘lj“{‘,w; are
(1) Put the antenna transfer switch in sending position, ness,

(2} Take necessary steps to protect the receiving ser.

(3) Adjust the are gap to about #z inch.

(-4 Repeat operations 9O to 13, inclusive, under the divections
given for starting after a long period of rest.
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81-280. To stop the are for a long period.—(1) Return the drum
contreller to the * off 7 position.

(2) Stop the motor-generator set by means of the push-button
switch marked “ Stop.”

(3) Put the antenna transfer switch on the receiving or ground-
ing position.

31-281. (1) To select any one of the five different available wave
lengths, the wave changer hand wheel is simply turned so thar
the pointer indicates on the dial the * Send ” position for the wave
length desired.

(2) Care should be teken never to go beyond the end positions
on the dial.

31-282. In case any wave length is not cexactly that shown on
the dial, it should be adjusted to the proper value by ob=erving
the following procedure:

(1) Put the wave changer in the * Adjust” position for the
wave length in question.

(2) With the arc operating on the antenna circuit, turn the
small hand wheel which operates the mechanism of the adjusting
inductance until the wavemeter indicates the exact wave length
desired.

(8) Shut down the arc.

(4) Go behind the wave changer and find the lead from the
adjusting inductance to the blade on the wave changer which
corresponds to the given wave length.

(5) Remove the clamp on the end of this lead from the adjust-
ing induetance and put it back at the point on the helix where
the trolley wheel of the adjusting inductance stopped.

(6) The wave changer may then be put in the “ Send ” position
for the desired wave and the arc started.

31-9283. (1) The antenna may be connected to ground, to the
receiving set, or to the arc converter for sending by means of the
remote control handle of the antenna transfer switch.

(2) To select any one of the three connections, it is only
necessary to turn this handle untll its pointer indicates the
desired position on its dial.

31-284. When it is desired to change an anode tip. the are
should be shut down with the controller on the “off ™ position
and the following directions observed:

(1) Close the valves in the warter circulation system on hoth
sides of the arc.

(2) Loosen the anode locking wheel and swing the voke upward.

(3) Draw out the anode and set it on end with the tip upward.

(4) Remove the tip locking nut with the wrench provided and
remove the anode tip.

(5) See that the bearing surfaces of the anode, the lintel, and
the new anode tip are clean, smooth, and entirely free from grit.

(6) Spread a small amount of graphite over these hearing
surfaces, put the tip in place, and replace the tip nut. This
<hould be tightened enough to prevent leakage of witer. bhut not
enocugh to damage the lintel.

(7) Replace the ancde in the arc and tighten the locking wheel.
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(8) See that the tip is lined up equidistant from the pole tips.
If it is nearer one than the other, loosen the locking wheel, adjust
the anode for position, and again tighten up the wheel. If the tip
has not been properly replaced on the end of the anode, it will
of course be necessary to remove the nut and see that it is put
on squarely before it can be lined up correctly between the pole
Lips.

31-285. (1) The carbon electrode is held in the carbon holder
Ly means of a split taper collet. This is tightened or loosened by
2 knuried handle on the end of the cathode.

(2) When the carbon is burned back so that it projects only
2 short distance from the end of the carbon holder, it should be
readjusted so that it projects about 4 inches. This adjustment
may be made without removing the carbon holder from the sheath,

(3) The following procedure should be observed in making the
adjustment:

(@) Unscrew the small knob at the extreme end of the cathode.
This leaves an opening into which the carbon adjusting rod or
gauge may be inserted.

(b) Loosen the collet by turning its knurled handle to the left.

(¢) Push the carbon forward to the desired position by means
of the adjusting rod. This is a graduated rod with a handle on
one end. By means of the graduations it can easily be seen how
far the carbon has been moved.

(d) Tighten the collet on the carbon.

(¢) Replace the plug at the end of the cathode.

31-286. When the carbon has been burned down so far that
a4 new one is required, the change should be made according to the
fellowing  directions:

(1) TLoosen the collet by turning its knurled handle to the left.

(2) Remove the carbon holder from the sheath. This is done
by pushing in on the carbon-holder handle, turning a quarter turn
in either direction, and then pulling it straight out.

(3) Pull out the ol carbon and insert a new one so that it
projects about 4 inches from the end of tlhe collet, Tighten
up the collet enough so that the carbon will remain in position
while replacing the holder in the sheath.

(4) Put the carbon holder back in the sheath by reversing the
rrocess described under (2).

(3) Sec that the collet is sufficiently tight on the carbon.

31-287. On long runs of the are, cold salt water should be cir-
culated through the copper coils of the cooling water tank to
carry away the heat from the arc cooling water. TFor ordinury
runs, the heat storage capacity of the tank ig sufficient to render
this unnecessary.

31-288. The chamber should always be tight when the arc is
running to prevent the entrance of air or the escape of gas. The
presence of cither air or the least amount of water in the chamber
causes nnsteadiness of the are. Care should be taken, therefore, to
~ee that there are no water leaks in the chamber due to loose
connections.

31-289. The bearing surfaces of the anode, anode tip, and lintel
where these parts join should he kept clean and free from arit.
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I7 grit is present on any of these surfaces, it may grind in enough
to ruin them for making a water-tight joint. If a small quantity
of graphite is spread evenly over the bearing surfaces before the
anode tip is put in place, it will aid in obtaining a water-tight
joint.

Adjastment of  31-200. The main line contactors are interlocked with the motor
{?,2’,?,}‘;_“ €8 starting contactors and with the current limit relay so that they

will not close if the motor generator is not up to speed, or if the
current limit relay has been tripped and not rveset. In case, there-
fore, the main line contactors do not close on the proper controller
position when the motor generator set is operating at full speed,
the current limit relay probably needs to be reset.

Su“’TNYyl’“'OcarbO“ ‘21——291. Tl'w hydrocarbon supply to the arc may be selected at
will from either the alcohol or the kerosene cup by raising the
small lever at the top of that cup to a vertical position. Flow is

regulated by an adjusting screw at the top of the cup, which is
locked by means of a wing nut.

Ficidstrenstk.  81-292, The field strength is made variable by means of
switches which cut in or out sections of the series field windings.
This field strength should be maintained at the point where maxi-
mum antenna current is ohtained for any given wave length.
The field strength required for proper operation of the arc varies
inversely with the wave length—i. e., the longer the wave length
the less the field strength that is required.

31-293. (1) When the are is operating properly, the operator
will notice that a certain peculiar and steady hissing sound is
«iven forth by the are. This sound can be heard directly. The
hxdrocarbon feed cup will then be filled either constantly or at
regular intervals with a bluish vapor, and the hydrocarbon feed
will be steady.

(2) The surest indication that the arc is operating properly ix
when the radiation ammeter reads exactly seven-tenths that of the
direct-current ammeter in the are supply iine.

(3) If the are is too long, a surging sound will be heard; if the
arc length is too short, a squealing sound will be given forth. A
little experience will aid the operator in determining instinectively
whetlier or not the are is working properly.

A4 ”.gnm.m 31-204. (1) The fTact that the constants of the ahsorbing cireuit
‘".‘“l‘l‘“““ ration "x’ arve not eritical as regarls current halance or wave length makes it
ing possible so to adjust this circuit initially that no readjustment

ix required when the transmitted wave length is changed through
wide limits.

of ?\Y!:A‘vr?.;;ﬁ“ffr'_‘ (2) The absorbing eircuit should be initially adjusted to a wave

gtk = jength approximately one-haif that of the wave length of the trans-
mitter. 'This may be done when the system is installed hy discon-
necting the antenna entirely from the arc and adjusting the wa
length of the absorbing circuit by the use of a wavemeter.

{onnectivne. (3) The circuit should then be connected up as per the ac-

companying diagrams, with the antenna ammeter in the com-
mon lead from the are to the transmitting key. Adjust the two
groups of contacts on the transmitting key so thut each group

Pecnliarities of
are operation,
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of four make and break simultaneously. This can be done with
sufficient precision by visual inspection.

(4) Start the arc on low power and test the operation of the
key by transmitting. If any one of the pairs of contacts shows
more sparking than the others, it is evidence that that contact is
not in proper alignment, and should be readjusted.

(5) The current in the absorbing circuit should then be ad-
justed to be approximately equal to the antenna current. This
may be readily accomplished by an adjustment of the absorbing
circuit resistance, with further adjustment of the absorbing cir-
cuit inductance if necessary. While it has been found that a
balance between the two circuits is not essential for satisfactory
operation. the balance should nevertheless be made, so that the
load on the power equipment will be held practically constant.

PART 5,—FAULTS AND REMEDIES,

31-295. The faults that can occur in the arc transmitter equip-
ment are in the main quite different from those of any other type
of transmitter, Faults arising in the power equipment will be
indicated by the direct-current instruments and their reimnedies
are obvious., The faults peculiar to the arvce itself are generally
due to air and water leaks in the chamber and chamber fittings,
poor condition of the copper and carbon electrodes, etc.

31-296. The usual faults and their remedies are given in the
following table:

Tault. Cause. i Remedy.

1. Rapid burning (1) Poorcireulationof water - (1) Tnspect water cooling system
awayv or nelting due tofailure of pump to . throughout. Make such repairs

of the anode. i close valve, collapsed rub- | as necessary to insure strong
i ber hose. K + water circulation. L.
i (2) Reversed polarity of arc i (2) Reverse arc supply circuit so

ing the anode the cathode. the anode (Copper).
(3) Tipincorrectly lined up | (3) Line up thetip.
causing arcto burn to one

[ supply circuit, thus mak- that positivelineis connected to
i side rather than along ’

center line. I
2. Explosionsinare . (1) Alrleaksinair chamber., (1) Cluse up all air leaks and in-
chamber. | i spectthesealtotheexhaust pipe.
3. Poorradiation... (1) Field strength not prop- . (1) Increase or decrease field
erly adjusted. strength until radiation is im-
i proved.
i (2{) Irisuﬂicient hydrocarbon; (2) Supply more feed.
ced.
I (3) Poor adjustment of arc ; (3) Open out arc until radiation
length (too short). ammeter shows maximum.!
4. Excessive power | (1) Poor insulation any-| (1) Poor insulators will usually be
input. wherein oscillatory cireuit.,  deteeted by local heating after a
, i run. Insulators should be kept

clean and drv. Verylittle troubla
CICAM ANAG Ar'y. v ery 1iliie irouoid

will be experienced with porce-
lain insulators.
(2) High resistance any- ! (2) Remove sharp bends wherever
whereinoscillatory circuit.! possible. Clean and tighten all
connections. Look for excessive
heating in the loading coil. If
heating is excessive, determine
cause and if injuries to coil ara
I due to are across banks, injured
I section should he ent out of cir-
1 cuit (rare).

|
|

! As the arcis opened out, the radiation will increase and then decrease. et the are
lIength at the point to give maximum radiation.

NoTE.—As stated under theory, the arc can be adjusted so that the radiation will
have a value of seven-tenths of the direct-current supply. This will continue to be
th:e case as long as the are can oscillate, If the arc isfeeding a circuit having high resist-
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ance due to poor insulation, leaks to ground and any cther defects which will increase
the resistance, the voltage of the direct circuit supply must be increased (perhaps
doubled), in order to give the same radiation as obtained hefore the circuit hadbecome
defective. In a shore stution installation, any imprevement made in the insulation
and anv reduction in the resistance of the circuit, will reduce the required voltage. In
other words, less pewer input will berequired in this case to give the same radiation as
that obtained before tlie improvements were made. i

General pre-
sautions, ete.

PART 6.—CARE AXD UPKEEP.

31-297. The amount of care and upkeep required by the are

transmitter is slight. Careful attention, however, should be paid

to the
(1)

following points:
Keep the power equipment in first-class condition by

observing the usual rules for the care and upkeep of machinery,
such as oiling moving parts when required, keeping the com-
mutators clean, and the brushes at the right tension,

(2)

Sandpaper only should be used on the commutators and

brushes, and very sparingly. It is better to allow the commuta-
tors to acquire a deep chocolate color and glossy surface than to
keep them copper bright by the use of sandpaper.

(3) All switches and contactors should be frequently gone over
with a piece of cloth previously dipped in light ¢il. This prevents
corrosion, gumming, sticking, and rapid wear of the sliding con-
tacts.

(4) Keep the arc chamber free from air and water leaks.

(5) Do not use excessive amount of alcohol or kcrosene.

¢ (6) See that anode and cathode lie midway between pole tips.

(7) Use only straight carbons with flat burning surfaces,

(8) Keep anode insulator gaskets clean.

(9) Do not allow carbon or soot to accumulate in the arc
chamber.

(10) Do not fill alcohol cup while set is in operation.

(11) Do not attempt to work around set while switches are
closed. In case of trouble or work aloft, open all switches and

do not close them until word has been received from proper
authority that work or trouble aloft has been remedied. This is
especially important because the antenna has a potentiul of 500
volts direct current to ground whether arc is burning or not after
arc supply switch is closed.

(12)

Do not open chamber door immediately after shutting

down the set as an explosion is likely to occur.

(13)
(14)
(15)
(16)
(17)

Keep all tools clear of the arc converter.

Renew water in cocling tank from time to time.
Make a ground test on rubber hose frequently.

Keep all tools and oily substances off insulator blocks
Do not use emery on the carbon sleeve of water jacket

hut wipe the sleeve with kerosene to remove soot, and afterwards
oil with light oil.

(18)
open.
(19

Do not bring naked {lame near chamber while door is

Use extreme care when opening the chamber and do not

stand in front of chamber door when opening it.

(20}

Keep inflammable material away from chamber exhaust.
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SECTION IV.—YVacvua TuBe TRANSMITTERS,
tA) THE VAcrUM TUBE USED AS A TRANSMITTER
PART 1.—GENERAL,

31-325. Vacuum tube transmitters ave essentially continuous
wave apparatus, being similar to the are transmitter in this
respect.  The vacuum tube transmitter is superior to the are
in purity of emitted wave form, in the ease wiih which it can be
keyed, in its adaptability to modulation by speech for radio tele-
pliony or to modulation by other means for the production of in-
terrupted (modulated) continuous waves, and in its successful
aperation at comparatively short wave lengths,

31-326. (1) Vacuum tube transmitters are very flexible, A
single tube equipment may he designed for three types of trans-
mission ;

(1) Continuous wave,
(2) Telephone.
(3) Interrupted continuous wave,

(2) The first type of transmission is used for telegraphy, and is
received in the same manner as reception of signals from an are
(autodyne or heterodyne reception). "This is the most efficient
of the three types.

(3) The second type of transmission (telephone) consists of
continuous waves of radio frequency modulated by the voice
(audio frequency). Straight detection is used when receiving
telephone transmission. In other words, wlhen used for telephony,
the vacuum tube transmitter can be received in the same manner
as any of the spark transmitters. The reliable telephone range of
any given tube transmitter equipment is approximately one
quarter of that obtained with the same equipment on continuous
vave transmission,

(4) The thkird type of transmission, ICW, is effected by modu-
lating the continuous waves at an audio frequency. This is done
in one instance by using 500-cycle alternating current for the
plate supply of the tubes. Another scheme of interrupting the
continuous waves is to open and cleose the grid leak circuit
periedically. The device now in general use for ICW (teleg-
raphy), however, is the suhstitution of an ordinary buzzer in
place of the microphone transmitter. In this case the radio
{requency is modulated at a constant audio frequency dependent
3 of the vibrations of the buzzer diaphragin in-
stead of the varyving audio frequency due to voice modulation.
Lither straight detection, or the autodyne or heterodyne method
of reception can be used for receiving any ICW signals. The
note received by straight detection will be distinctive of the type
of modulation used in the transmitter, but when the autodyne
or heteredyne method is used the received note will be mushy
except in the cuse of the transmitter using the 300-cycle sinu-
soidal madulation, when the note will consist of chords, the pre-
deminate note having 2 frequency of 1,000,

=1
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31-82 CHAPTER 21
PART 2.—THEORY.

The three-elec- 31327, (1) The action of a vacuum tube when generating oscil-
trode vacuum . . . : 8
{abe as am os-lations is similar to the action of a clock. The pendulum of a

cillator. clock swings back and forth and works the escapement. During
each oscillation the escapement permits an impulse to be delivered

to the pendulum in the direction in which the pendulum is

swinging, tending to increase the amplitude of the swing. When

the amplitude of oscillation of the pendulum increases to a certain

value, the loss of power due to friction during each oscillation be-

comes equal to the power delivered to the pendulum by the im-

pulse, so that the oscilla-

tion no longer increases in

amplitude but is main-

tained at a constant value,

Analogy of ose (2) In the case of the
Cillating tube three - electrode vacuum

tube, the current in the
oseillatory cireuit is anai-
ogous to the swinging ¢f
the pendulum, the grid of
the tube takes the niare
of the escapement of the

L2 L/ clocikk and the plate battery
.

M\MJ replaces the main sprinz.
The current in the osecll-
latory circuit acts upon the

W crid of the tube, chanzging

L4 Lj its potential. The changes
in potential of the grid pro-

“i duce changes in the plate
/rl current supplied by the

C plate Dbattery, and these
P16, 31-14 —Diagram of Meissner cirenit,  CRanges in  plate battery
current act upon the oscil-
Iutory cireunit in the proper direction to tend to increase the current
in that circuit. When the tube is put in operation, any feeble
oscillution will build up in amplitude until a final amplitude is
reached where the power supplied by the tube is equal to the
loss of power in heat and radiation. The oscillations will then
continue at this amplitude.

Typieal osell-  31-328. (1) A typical cricuit for generating oscillations with
lating vacuum . .. . . P s
tube ecireult. vacuum tubes is the Meissner circuit. This is one of the earliest

circuits, but is being employed to a considerable extent in mod-
ern transmitting tube apparatus, The circuit is shown in Figure
31-14, the filament and plate batteries being omitted for simplic-
ity. The oscillatory circuit consists of the coils I; and L, and the
condenser (. In transmission, the condenser ! would be replaced
by the antenna. The coil 1, is included in the plate circuit of the
tube and is coupled to the coil L. while the coil L. is included in
the grid circuit of the tube and is coupled to L.
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(2) Let it be assumed that feeble oscillations occur in
the oscillatory circuit. These oscillations will induce an alter-
nating voltage in coil L. which wiil act upon the grid, producing
variations in the plate current flowing through L, and these will
preduce an alternating voltage in the coil Ls; which, with the
proper sign of coupling, will reinforce the original oscillations,
viusing them to increase in amplitude. The increased oscillations
will induce a still greater voltage in the coil L. and correspondingly
greater variations in the current through I, leading to a further
increase in the oscillatory current. This building-up process con-
iinues until the tube can not supply enough power to the oscilla-
tary circuit to increase further the amplitude of the oscillations,
and a constant alternating current will flow in the ecircuit hav-
ing a frequeney very nearly that of the natural period of the
excillatory cireuit. Ordinarily the final stute is reached in a
very small fraction of a second after the tube is put into opera-
tion.

31-329. The alternating voltage on the grid of the tube pro-

31-83

Phase require-

ments in oscillat-

duces the variations in the plate current when the tube is 0scil- jpg tube elrcults.

fting, The varying plate current can be considered to consist of
two components, cne a continuous current and the other a super-
imposedd alternating current. It is the alternating component
of the plate current which supplies the voltage to the oscillatory
cuit and sustains the oscillations., The voltage which works
the grid is derived from the oscillatory circuit., The plate cui-
rent inereases when the grid is peositive, therefore, the required
coeupling between the cirvcuits is evidently the following, When
thie alternating component of the plate current reaches its maxi-
mum value in the positive direction which makes the total plate
¢ ent high, the cuirent produced in the oscillatory circuit must
he acting through the grid coupling so as to bring the grid voltage
to its maximmn positive value. 'f'hius the alternating plate cur-
rent and the grid veltage must be in phase. If the connections
should be incorrect in the circuit a reversal of the connections
tg any one coil will usually make them right.

31-530. (1) In some caves, eveil when the circuit is such that
tiie phase relations ave correct, the tube will not generate oscilla-
tions.  For example, a given tube will generate oscillations when
e capacity in the oscilintory civeuit is small but will niot oscillate
when the capacity is larzer than a certain value. Also, increas-
irg the resistance of the esxcillatory cireuit tends to stop the

)

s
Hibe from generating oscillations, so that when the capacity is
<mall the resistance can be higher and when the resistance is low a
ater capacity can be used. When two tubes are put in parallel
it ix possible to get oscillations with more capacity or resistance
T W cne tube is used,

«2) In some cases at short waves the tuhe will refuse to oscil-
Lite at a low capacity value even when the connections are correct,
oF may even ogcillate with a reversed conmection 1rom that
Tt cives escillations at higher capacity values., This is caused
by incorrect phase relations between the grid voltage and plate

Conditions for
oscillation.
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current resulting from the capacities of the coils, leads,

bhetween the electrodes of the tube.

mﬂi‘.}i‘)‘:ﬁ“":‘ﬂ‘gf 31-331. As pointed out before, the plate circuit of ihe

and

tube

put. supplies the power to the oscillatory circuit. This lutter cireuit
acts as the load and, in fact, is very nearly eguivalent to a re-
sistance load in the plate circuit of the tube. In order to obtain
the maximum current in the oscillatory circuit it is necessary that

the load be of the proper value to fit the tube.

Use of coupled  31-332 Coupled tuned circuits are rarely used with vacuum

clreuits.

tubes. The DMeissner circuit does not come under this heading,

because only one circuit is tuned. The objection is loss of effi-
ciency and erratic operation. With close coupling between tuned
circuits it is possible for oscillations of two different frequencies
to occur. The vacuum tube can jump from one of these fre-
quencies to the other; in fact, it is possible to adjust the circuits
so that the antenna current is high and a definite wave length
secured, and then find that, on keying, the current in the antenna

will jump to a low value and widely different frequenecy.

Posltlon of 37 833 YVhen an antenna is used with any of the dirvect coupled

batteries or gen-

erators, circuits the antenna ground is of recessity connected to some
point on the tube circuit. It is desirable to connect the batteries
or generators which supply the tube to the same grounded point
in the circuit. The reason for this is that the batteries and gen-
erators have large capacities to ground, and unless the con-
nections are made as indicated above these capacities to ground
will be put in parallel with a part of the oscillatory cireuit and

will cause loss of power and possibly prevent oscillations.

Ordi-

narily, therefore, the batteries or generators and the antenna

ground are connected adjacent to the filament.

Efficiency of  31.334 (1) The efficiency of a vacnum-tube generator is gen-

vacuum tube gen-

erator, erally defined in terms of the input power supplied by the plate
battery and the output radio-frequency power in the oscillatory
circuit. The power required to heat the filament is usually
neglected, though in small tubes it may be several times the output
power. The power supplied by the plate battery is the product

of the direct-current volts and direct-current amperes,

The

output power is the product of the square of the radio-frequency
current times the resistance of the oscillatory circuit. The ratio

output power
input power

is the efficiency. Ior low-power tubes this may be 15 to 30 per
cent; for medium-power tubes, 40 or 50 per cent. The maximum

efficiency in high-power tubes is about 70 per cent.

. Method of rat- (23 The Navy rates tubes in terms of the output power,
ng power.

For

example. rlie (W 031 tube is rated as a S-watt tube. Tt should
therefore supply 1 anmpere into a 5-ohm antenna, for 5 ohms times
(1 ampere)? equals 5 watts. The normal plate supply is about
50 millinmperes at 350 volts, or 17.5 watts (0.05X330=17.5).

5

Tle ¢iliciency ix then ]—j:(}.i{»), or 290 per cent. Usually, efficieney
D

is sacrificed to some extent in order to obtain the maximnum out-

put from the tubes: at reduced outputs sot

Awhit  greater
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efficiencies are obtainable. The power in the plate circuit which
is not used in generating oscillations is dissipated in heat in the
plate of the tube. If the tube stops oscillating, then all of the
plate circuit power is expended in heating the plate. In low-
power tubes the plate of the tube can frequently be seen to heat
up when oscillations stop. In high-power tubes this heating can
be sufficient to destroy the tube in a short time, hence it is neces-
sary to maintain oscillations or immediately shut off the tube.
31-335. The output of a tube is limited primarily by the total

31-85

Variation of
output with plate

emission of electrons from the filament and the plate voltage,voltage.

provided the design is such that the plates do not become over-
heated and the vacuum is high. With a given plate voltage, how-
ever, only a limited amount of emission from the filament can
be used ; the higher the plate voltage the more emission is useful.
On the other hand, with a given emission the oufput of the tube
can be increased without limit by increasing the plate voltage,
provided the tube will stand it. Thus high plate voltages are
necessary for high-power tubes. In tungsten filament tubes the
filament emission is usually limited, for at usual operating tem-
peratures it requires considerable filament power to supply the
heat required to liberate the electrons. In the coated filament
tubes the emission for the same filament power is very much
greater—usually a number of times greater—than is normally
utilized.

When the filament emission is very great the output current
varies practically in proportion to the plate voltage, while with
insufficient emission the output current is roughly proportional to
the square root of the plate voltage.

31-336. (1) It is this strong dependence of the radio-frequency”l

)

Modulation of
¢ radio fre-

output current upon plate voltage which is utilized in the usualquency in output
circuits for radio telephony. In radio telephony it is requireq!® telephouy.

that the amplitude of the radio-frequency current in the antenna
shall vary up and down in accordance with the variations of
current in the microphone. Thus in figure 31-15, if (a) repre-
sents the variations in the microphone current, the radio-fre-
quency oscillations which are transmitted should vary in ampli-
tude as shown in (b), where the envelope of the oscillations,
shown by the dotted lines, is the same form of curve as the curve
in (a). These oscillations are radiated by the antenna, and
when received by a detector tube the current through the phones
will duplicate the original microphone current and, hence, the
speech will be duplicated. In the modulator-oscillator combina-
tion customarily used in telephone sels ithe microphone acts
through a transformer upon the grid circuit of the modulator
tube, as in ficure 31-16, and varies its voltage in accordance with
the speech vibrations, In the plate circuit of the modulator tube
is a choke coil, Ls, of very high inductance for oscillations of
speech frequencies. The variations in grid voltage tend to vary
e plate current in the usual way, but these varviations in plate
current must flow through the choke coil which opposes the varia-
tions. On this account the voltage across the choke coil varies.
With proper design these voltage variations can have an ampli-
tude approximately equal to the plate voltage, so that on one
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swing of the grid voltage the total voltage acting in the plate
circuit may be reduced nearly to zero and on the other swing
may be nearly double that of plate voltage supply.

(2) The oscillator tube is fed from the same plate supply, and
its plate circuit also includes the choke coil. When the micro-
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FiaG. 31—15.—Rudio-frequoncy oscillations modulated at audic frequencies.

prhene is not being spoken into, the voltage on the plate of this
tube is very neariy equal to that of the plate supply, since the
direct current resistance of ithe choke coil is low. It will there-
fore generate radio-frequency  oxcillations having an amplitude
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i, 31-16.—Connections of rwedulator-oscillator combination,

corresponding to this plate voltage. As soon as the microphone
is spoken into, however, the plate voltage varies up and down,
Lecause of the action of the modulutor tube and the amplitude
af the radio-frequency oscilintions varies aceordingly.  As stated
before, this is the requirement for radiotelephony,

(3):In order that the best results may be obtained it is de-
xirable that for speech of moderate intensity the amplitude of
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the radio-frequency oscillations shall have a maximum variation
from zero to double the amplitude corresponding to no speech.
This is called complete modulatlon} The fluctuation of the radia-
tion ammeter durmg speech is not a reliable indication as to
whether good modulation is being attained or not.

(4) It is a natural mistake to attempt to modulate the output
of an oscillating tube by applying the microphone voltages to the
grid of the oscillating tube itseif. It will be found, however, that
in general the amplitude of the oscillations generated by a tube
does not depend strongly upon the average value of the grid
voltage. It is obvious, therefore, that this is a poor method of
nodulation.

31-337. The following vacuum-tube transmitters have been de-
veloped for use in the service:

Jame Power Wavelengths | Type transmis- Tse
e (watts). ! (meters). i sion. "o
' |
57130t0200........... (CWL Intra-flect.
5 . 202,347,365,412,492..; Telephone (duplex)| Fire control.
150 | 405, 424,476,507, 538..{ CW, hICW, tele- Battlfeshxps for air-
! one. craft spotting.
1,500 507, 600, R00, 900, 9;3,[ ..... go ............. Aircraft” base station.
i 1,800, 2,750.
300 ' 507, (»()0 675 5, S00, f}m, ..... AOeiinnnnns Submarines.

with flat top an-|
] tenna, 675, 975,;
with loop. |
TF....... 300 . 507, 600, 675, 973,..... [ 0o R, Scout cruisers, sub-
1,080, 1,260, 1,430. marine tenders and
aircraft tenders.

TG....... 300 507,600,675, S .| Eagle boats.

CW y36. 5 236-345 Destroyers, sub-
. chasers and Eagle

boats.
SE 1345..1 5 405,424 476, 507,338.| CW, ICW, tele-; Aircraft.
| phone.
SE 1370.. 30 507,600,800, 97 Je....do.. Do.
SE 1390. ., 150 5067, 600, 800, 975. 4 CW,IC | Aireraft (NC boats).

31-338. The model TB (telephone) and the model TC (tele-
phone-telegraph) will be selected as typical of the existing I\avv
vacuum tube sets, a brief general description of the Model TB set
and a wore detailed description of the Model TC set being given
in the following articles.

(B) TuE MopeL TB RADIO TELEPHONE EQUIPMENT.
PART 1.—GENERAL.

31-339. The model TB radic telephone equipment is intended
to provide telephone communication hetween units of the fleet and
to perform this service in such a way that the calling and carrying
on of a conversation is practically identical with ordinary com-
mercial telephone practice. Simultaneous two-way conversations
can be conducted without the necessity of operating any switch
when changing from transmitting to receiving, or vice versa. Ex-
tension lines and stations are provided at different points on board
ship so ihat it will not be necessary to carry on the conversaticn
at the radio set. The transniitter and the receiver constitute the
central station and are under the control of a radio operator, who
also operates the apparatus necessary for routing the outgoing
or incoming conversations cf any of the extenszion stations.

31-87
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i\ PART 2.—DESCRIPTION.

m’g.ﬂl’lﬂ fea-  31-340. Simultaneous two-way operation is obtained with the
use of only one antenna for transmitting and receiving. In addi-
tion, the circuit is so arranged that the talker can hear what
he is saying and can interrupt the party with whom he is talking,
or be interrupted by him in the same manner as in the ordinary
teiephone. his necessitates a combination of transmitter and
receiver on the same antenna, so arranged that the large current
in the antenna caused by the talking will not interfere with the
operation of the receiver which is designed to receive small
currents. This calls for a complete shielding of the receiver from
the transmitter

Shlelding ar- 31-341, (1 differential method is used for shielding pur-

raagemeant, N . .

poses. '\The current from the transmitter is taken to a central
point of the winding of an inductance coil, at which it divides
equally, half flowing through one section of the coil into the
antenna and the other half flowing through the other section of
the coil into the balancer. By careful adjustment of the balancer
the two currents can be made so closely alike in magnitude and
in phase that the magnetic fields of the two halves of the coil are
balanced, and, therefore, produce no effect on a third coil suitably
placed in the neighborhood.

Coupling, (2) The secondary tuning coil of the receiver is located within
this coil and is arranged so that the coupling between them can be
varied. The secondary tuned circuit is thus, in virtue of the
balancing just describéd, sensitive to any incoming currents re-
ceived by the antenna as these pass through both halves of the
branching coil in the same direction and thereby set up an ex-
ternal magnetic field.

Constants of 31-342. In order that the balance may be less susceptible to

balagcer walt. 44 turbanee from frequency variations, the balancer unit is so
designed that, after proper adjustment, it duplicates approxi-
mately the antenna characteristics over a wide range of fre-
quencies. This makes it unnecessary to readjust the balance
whenever the transmitting wave length is changed.

ruz(l;zle:n f :tlt ar-  31-343. The schematic arrangement is shown in figures 81-17

) ’ aud 31-18, From figure 31-18 it will be seen that the circuit is
virtually a Wheatstone bridge circuit with the transmitter and the
receiver located in conjugate arms so that electromotive forces gen-
erated in the transmitter arm do not produce any currents in the
receiver circuit. In the sketches are shown two condensers, Cs
and Cr, one in series with the antenna and the other in series with
the balancer. 'These condensers reduce the effective capacity of
each circuit and at the same time render the balance of the system
less sensitive to small changes in the electrical constants of the
antenna. \/

PART 3,—VACTUUM TUBES.

Plats voltage.  81.344, (1) The CW 931 coated filament vacuum tubes used in
the model TB set are made to operate on a plate voltage of ap-
proximately 350 volts when used for transmitting purposes.
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When used in a receiver circuit, they will operate satisfactorily on
a plate voltage of 40 volts or over.

(2) The normal filament current is 130 amperes, which ismfﬁl”mwt eur-
enough to insure & very copicus emission from the filament under
all conditions of plate and grid voltage.

31-345. (1) The filament current is the most important fn('torumr‘gﬁm:" vaca-
determining the life of the tube, a relatively small increase being
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Fia, 31-17.—Diagram of TB telephone equipment eircuit,

enough to cut the life down to a small fraction. With a filament
current of 1.30 amperes an average life of about 300 hours may be
expected, for 1.25 amperes the average life would probably exceed

RECEIVER
Ls

1,

i, 31-18—Wheatstone bridge arrangement of 113 telephone eyni
cireuit,

1,000 hours, while for 1.35 amperes the tube would last probubly
less than 160 hours.
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Effect of fila-  (2) In most cases it will be found that the output of an oscilla-
ment current om R . . e -
output. tor is not much increased by raising the filament current above
1.25 amperes and in many cases the full output will occur with
even lower filament currents, Generally the filament current
should not be increased above that necessary to give the full out-
put and in no case should it be increased beyond 1.835 amperes.

Plate current.  31-346. The plate current should not be aliowed to exceed 30
milliamperes in any tube and for the most satisfactory working
sheuld be from 35 to 40 milliamperes.

Tube fallures. 31347 (1) Aside from purely mechanical causes such as
breaking of the filament or of the lead-in wires some of the
prineipal causes of failure are as follows:

Presence of (2) As a result of abnormal heating of the tube, due usually

gas in the tube. to an overload, it may happen that a small quantity of gas is
driven out of the metal or glass into the bulb. The presence of
this very minute quantity of gas causes the bulb to be filled
whelly or partly with a2 blue haze when the filament is lighted
and the plate voltage applied. The plate current is increased and
the plate may become red hot. If the voltages are not cut off
an arc may form in a short time between the filament ond the
erid or plate resulting in the burning out of the tube.

Bright spots  (3) After a tube has been in use for a long time it may be

n filament. noticed that the filament is not uniformly bright hut has one or
more points that appear to be brighter than the remainder.
While the presence of the bright spots does not affect the oper-
ation of the tubes the presence of these bright spots indicate
that the filament is approaching the end of its life and may
shortly burn out. “ Bright spots” occur frequently in the coated
type of filauent hut rarely in the tungsten filament.

Peformatlon (4) IT the tube has been subject to an abnormal stress there

gid‘ﬁl”m““t “may result a bending of the fillament or grid great enouzh to
result in their coming into electrical contact. Such a condition
can usualiy be detected by the eve.

Electrolysis of  (3) If power tubes, the lead-in wires of which are carried

the class. through a common stem and seal, are operated considerabily above
their rated plate voltage, electrolytic action in the glass of the
seal will take place between the plate and grid. This electroly-
sis in the course of time will run the seal, making it leak air
and sometimes even crack it. An indication of this electrolyvsis.
which appears long hefore leakage occurs, is a blackening of the
erid leads in the glass of the seal near the vacuum end.

PART +4.—FAULTS AND REMEDIES,

31-8348. Sufficient information is not at hamd at the present
time to give a full list of faults and their remedies peculiar to
this equipment. However, the usual faults that may arise in
vacunm tube apparatus are likely to be encountered in this set.
The receiving cquitment exclusive of the part that is comumon to
the transmitter can be cared for in the same manner as foir any
of the other receivers, detectors and audio-frequency amplifiers
now in service use. If the instiuction pamphlet that comes with
cach eguipment be carefully studied before it is attempted to
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operate the equipment, it will be found that the faults that will
develop in the use of the apparatus will be due to the apparatus
itself, and not to inexperience on the part of the operator.

(C) THE Mobver, TC Rapio EQUipMENT.

PART 1.—GENERAL,

31-349. The model TC radio equipment includes all of the appa- Purposs.
ratus necessary for transmtitting and receiving with the exception
of the antenna. The transmitter is provided for the three types
of transmission, namely, CW, ICW (buzzer modulated) and
telephone, and is relatively high powered. It is designed for
battleship use to communicate with spotting planes and other
vessels,  The absolutely reliable ange for spotting work, using
CW transmission, is 50 miles; 10 to 15 miles for ICW, and 3
nmiles for telephone transmission. These ranges will prebably
be increased when more experience has been gained in the use
of the apparatus.

PART 2.~—~THEORY.

31-350. Two requirements must be fulfilled in a radiotelephone  Requirements,
and continuous-wave telegraph transmitter :

(1) There must he provided a source of radio-frequency cuergy.,

(2) There must be provided means of modulating or controlling
the radio-frequency energy in accordance with the methed or
transmission employed.

31-351. The source of the radio-frequency energy is the vacuum  The osctilator.
tube which acts as a converter, changing the high voltage direct
current to a radio-frequency current. In this set three tubes (type
CG 1144\ or CW 1818) are employed in this ecapacity and are
known as oscillator tubes. The oscillator consists of four funda-
mental circuits:

(1) Antenna.
(2) Plate.
(3) Grid.
(4) Tilament.

31-332. Upon closing the switches an instantaneous surge occurs Mairtenance of
in the plate circuit with the result that tne antenna is forced into Sifz’i’,.".““g com
feeble cscillations whose period depends upon the inductance and
capacity of the antemna circuit. The grid circuit due to its
inductive relation to the antenna withdraws some of this oscil-
lating energy with the result that an oscillating potential i3
appiied between the grid and the filament. This produces a
change in the plate circuit which, if the circuits are properly
arranged, adds to the effect of the original surge. This cycle of
operation is then repeated svith the antenna current continually
increasing until limited by the antenna and tube characteristics,

Figure 31-19 is a simplified sketch of the TC transmitting set.

31-853. In order to telegraph using continuous waves, means "afeo nttellgx!}z;;
are provided whereby the operation of the telegraph key starts transmission,
and stops the generation of radio-frequency energy. This is
accomplished by opening and closing the short circuit around
the keying condeuser. When the keying condenser is short-
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circuited, as when the key is in the operative position, oscilla-
tions are permitted to take place, When the short circuit is
removed, as when the key is in the inoperative position, the grids
of the oscillators are allowed to beconie highly negative with the
result that the oscillations are stopped.

31-354. In order to carry on telephone communication it is
necessary to provide apparatus capable of modulating or moeld-
ing the radic-frequency energy, that is, an envelope is Torme:d
around the radio-frequency current, the shape of the envelope
resembling that of the sound wave.

31-355. Modulatien is accomplished in this particular set by
means of two vacuum tubes, which are termed modulator tubes
when used for this function. It addition to the two modulator
tubes a third tube is employed which functions as an amplifier.
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116, 31-19.—Circuit diagram of Model TC transmitter.

31-356. The plates of the modulator tubes are connected to the
positive terminal of the high voltage or plate generator through
an iron core reactor. The filaments of the modulator and
oscillator tubes being in parallel, the plate circuit is completed
through the space between the plate and filament, thence to the
negative side of the generator. 'The grids of the modulater tubes
are connected through the biasing battery to the filament and
also to the plate circuit of the amplifier tube by means of a
small condenser. The plate of the amplifier tube is connected
to the plate generator through an iron core reactor. The grid
of the amplifier tube connects through the secondary of the
microphone transformer and biasing battery to the filament.
The primary circuit of the microphone transformier, while it
passes through other units, fundamentally consixts of a micro-
phone transmitter or a buzzer in series with a battery and the
primary winding of the microphnne transformer.

31-357. When the current through the primary of the micro-
plhione transformer is varied, the secondary of the micrephone
transformer, being connected between the grid and filament
of the amplifier tuhe, impresses ou the grid of this tube an
alternating potential the variaticns of which are in accorda:
with the sound waveg gpoken into the t amitter.  This ve
wtion of amplifier grid potential vesults in a similar change in
the amplifier plate circuit: in other words the output of the
microphone transformer iz amplified to an extent determined
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Ly the circuit and tube characteristics., These amplified vari-
ations are in turn impressed upon the mcdulator grids by means
of capacitive coupling. The variations of medulator grid po-
tential produce corresponding variations in the plate current and
tube impedance. These variations in the modulator plate circuic
result in a corresponding increase or decrcase of the power avail-
able for the plate circuit of the oscillator. This action is due to
the fact that there is practically a constant current supply for
the plate circuit of both the modulator and oscillator tubes due
to the iron core reactor in the positive side of the plate generator.
31-358. For buzzer modulation, the operation is practically thesiofn(:“' {ransmls-
same as in telephony except that the microphone transmitter is
replaced by a buzzer. When the signal switch is set on “Buz?”
the buzzer operates whenever the telegraph key is depressed.
The oscillations are started and stopped as in continuous wave
telegraphy. Side tone is provided on both the telephone and
buzzer modulated method of communication.

PART 3.—DESCRIPTION,

31-359. (1) The transmitter, type CG 1322, uses sixX vacuum Transmliter.
tubes, type CG 1144A or CW 1818, three of which are employed as
oscillators, two as modulators, and one as a voice amplifier. The
autput of the transmitter is, therefore, that of the three oscillator
tubes for CW transmission, and in excess of this for ICW and
telephone transmission.

(2) The coil system is composed of two units, the antenna coil
being mounted with the plate and grid coils as one unit and the
variometer and loading coil forming the other unit.

(3) The transmitter is arranged to transmit on low, medium, powers svail-
and high power. The Meissner circuit is used; consequently, theable.
constants of the antenna circuit alone determine the wave length
of the transmitter. All the controls for the transmitter includ-
ing the wave change switch, signal switch, power switch, and
antenna variometer, are manipulated by knobs on the front of the
transmitter panel. A wave length indicator is provided for
cperation only on low power, and has an incandescent bulb which
will light when the transmitted wave is in resonance with the
wavemeter. The wavemeter is adjusted to five fixed wave lengths.

The changing of the wavemeter setting is effected by means of the
wave change switch,

31-360. The receiver, type CG 1323, is a scparate unit and con- The recelrer,
tains the nusual type of receiving cirvenits, It has

dition,

two stages of audio-frequency amplification and a switch for
changing the telephones to detector plus one stage of audio-
frequency amplification, or to detector plus two stages of audio-
frequency amplification. The type CG 933 vacuum tube is used
us the detector for both detection and amplification purposes. The
receiver is shieided in the usual manner to prevent electrostatie
coeunling between the antenna and secondary Circuits.

21-861. The interphone unit, type CG 1324, has the following“'lrt}.leln"ﬂ?"-l"ie
and indicators:
Five 3-way station keys.
One 3-way operator’s key,




31-94 CHAPTER 3L

Five telephone switchboard lamps.
Two push buttons.
One buzzer switch.
The power 51-362. The power unit assembly, type CG 1328, consists of the

unit. following units, which are connected together by flexible couplings:
(1) One 1,000-volt direct-current generator excited from
line supply.
(2) One 24-volt direct-current generator excited from line
supply.
(3) One 125-volt or 240-volt direct-current motor.
PART 4.—OPERATION.
General, 31-363. The following instructions are complete for operation

on one method of communication and on one wave length. To
transmit on any of the other wave lengths or by the other methods
of comumunication it is only necessary to place in position the
switches so designated and proceed in the same manner as out-
Jined below :
Necessary steps (1) To transmit—
for transmission. .

(a) Lamp used as voltage indicator should be lighted. This
indicates that supply voltage is available,

(b) Close line switch.

(¢) Close “Control transfer switch” to position No, 1. Con-
nects “ Starting equipment No. 1” and “ Relays No. 1” in circuit.

(d) Closge “Muachine transfer switch ” to position No. 1 and
push operator’s key to “ Radio.” Connects “ Machine unit No. 1”7
in circuit.

(ey Tush “ Start motor ” push button. Starts ¢ Machine unit
No. 17 using “ Starting equipment No. 1.”

(f) Throw “ Power switch” to desired power. Place “ Monitor
keyv” on “Radio.” Place * Signal switch” on “Tel.” Operate
“ Push to transmit” button in interphone unit.

TFilaments light.

“ Relays No. 17 operate.
Plate voltmeter indicates.
Plate ammeter indicates.
Filament voltmeter indicates.

(¢) Adjust “24-volt field rheostat” until filament voltage is
not over 21 volts.

(h) Adjust “High-voltage field rheostat” until meter reads
1.000 volts.

(i) To tune transniitter to one of the designated wave lengths,
first set power switch on “Low ” then press wave indicator push
button and adjust antenna variometer until indicator lamp shows
maximwy brilliancy,

The plate and grid adjustments should be made with the power
switch set on Low and signal switch on CW, The approximate

.
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plate and grid coil settings for the particular wave length should
be obtained from the following tabulation :

Plate
tap.

Wave
length.

Grid tap.

+

P
<8
PRSES SN
SLwW1S

—

W
I
J 405
|

The antenna current should be noted under this condition. The
plate coil taps should then be changed, one or two taps on either
side of the normal settings and the grid coil tap and coupling ad-
justed sco that maximum antenna currenty is obtained with mini-
mum plate current, After the above adJustment has been made,
turn power switch to High position and note plate current. Do
not exceed a plate current of 0.45 ampere when operating on CW,
When signal switch is in Buzzer position the plate current should
not exceed 0.9 ampere when key is depressed. It may be found
that some plate and grid taps will give slightly more output than
others, with plate current in excess of 0.45 ampere. Such opera-
tion is undesirable since the tubes are under more severe service,
and the increased output is made at the sacrifice of efficiency. The
antenna current should be noted in each case and the plate and
grid tap used that gives maximum output. This process should
be repeated for all wave lengths. That position of the grid coil
should be used that gives the best average results on all wave
lengths. Once the settings are obtained, it will be unnecessary to
change them unless the antenna characteristics are changed con-
siderably., The reason for this is that the wave change switch
automatically changes the loading coil tap, the plate tap, and the
grid tap.

See that the machine unit is not operating before changing any
tap or, in fact, touching any of the apparatus inside of the
cabinet proper.

(7) Transmitter is now ready for transmission on the particular
wave length and method of communication and power designated,

(2) To receive—

(¢) Turn “Filament rheostat” in direction of arrow. Adjust Steps neces-
filantent light to proper brilliancy. sary to receive.

(b) Set “Amplification control switch ” on “ Max.”

(¢) Set “Aniplification key ” on * Second stage.”

(d) Tune in the signals desired.

(e) To decrease amplitude of signals turn “Amplification
switch ” away from “ Max.” 01' cut out stages of amplification by
weans of “Amplification key.

(/) To shut down receiver, turn « Filament rheostat” to
O

tg) Ior the reception of telephone communication, it will be
found that clearest speech can be received with the tickler coil
set to give maximum regeneration. While telephone conversation
cuan be received with the receiver oscillating, it will be found, in
general, that the reve’leutne position is better,

83156°—22
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91-364. To establish radio communication from an extension
station:

(1) Lift up receiver at station No. 1. This lights line lamp on
interphone unit, thus notifying the operator that a station is
calling.

(2) When a line lamp lights, the operator throws the key
corresponding to the calling station into the interphone position
and the operator's key to normal. This permits communication
between the calling station and the operator.

(3) After notifying the operator regarding the details of the
desired radio connection the receiver should be replaced on the
hook. The operator will call the extension station when the
radio connection is established.

(4) Operator establishes radio connection as described on the
preceding page. ’

(5) Operator places key of calling station into the interphone
position and his own key to normal and pushes ihe button desig-
nated * Ring.”

(6) Operator throws station key into “ Radio” position, thus
transferring control of the radio equipment to the extension sta-
tion. Operator's “Push to transmit” button must not be de-
pressed when an extension key is thrown to “Radio” as this
would prevent control from the extension station, Operator’s
key should be placed in *Monitor” position whenever an ex-
tension station key is thrown to “ Radio.”

(7) The party at the extension station depresses button in
column of desk set when he talks and releases it when he re-
ceives,

(8) When the conversion is ended, the extension receiver is
replaced on the hook and line lamp lights, indicating to operator
that party at extension station has finished.

(9) Operator returns *Signal” switch on transmitter to
“Off ” position, station key to mormal position, and operator’s
key to “ Radio.”

(10) Operator is now in position to control set.

PART 5.—FAULTS AND REMEDIES,

31-365. The following faults and their causes are given. The
remedies are obvious:
31-366. Failure to obtain oscillations may be due to:
(1) Plate circuit open.
(2) Improper adjustments,
(3) Poor tubes.
(4) Filament current low.
(5) Open antenna circuit.
(6) Grounded antenna.
(7) Teaky insulators.
(8) Antenna ammeter burned out.
(9) Trouble in power unit.
(10) Arms on wave-changing switch not making proper
contact.
81-367. Failure of modulating circuit to function may be caused
by :
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(1) Modulator plate circuit open,

(2) Defective microphone transformer or microphone
transmitter,

(3) Poor biasing batteries,

(4) Poor modulator or amplifier tubes,

(5) Resistance or reactance open in modulation amplifier
circuit,

31-368. Causes of failure to receive are:

(1) Improper tuning adjustments,

(2) Filament current low.

(3) Defective plate batteries.

(4) Poor tubes.

(3) Open or grounded antenna circuit.

31-369. Most of the accidents to personnel and material will
be avoided by a strict observance of the following * @on'ts”
when operating the transmitter;

(1) Don’t touch any apparatus inside cabinet when motor-
generator is running.

(2) Don’t operate set unless all external connections have been
made, Be sure of polarities. Don’t fail to check polarity after
replacing grid or C battery before using set.

(3) Don’t allow plate voltage to exceed 1,000 volts.

(4) Don’t allow blate current to exceed 0.450 ampere when
testing on CW or 09 ampere when testing on buzzer, key
locked,

(3) Don't operate set with filament voltage less than 20 or more
than 21 volts,

(6) Don't operate set unless antenna ammeter indicates,

(7) Don’t make transmitter adjustments with power switch
on “high”; set the switch on “ low.”

(8) Dorn’t adjust plate and grid taps with the machine unit in
operation.

(9) Don’t forget that fuses are cheaper than vacuum tubes;
therefore do not use substitutes for the blate fuses furnished with
the set.

(10) Don’t change position of “wave change” switch unless
“signal ” switch is in “off” position,

(11} Don’t change position of “wave change” switch unless
broper plate and grid adjustments have been made,

(12) Don’t work inside of cabinet with metal tools unless
machine unit is shut down and batteries are disconnected from
set. .

(13) Don’t leave keys in interphone unit in operating position
when this unit is not in use.

(14) Dorn’t adjust back coupling coil so that oscillations oceur
in receiver when telephoning.

(15) Don’t leave apparatus when a radio conversation is taking
place. Monitor on the connection so that you con take care of
emergencies.

31-97
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(D.) TRANSMITTING VACTUM TUBES.

PART 1.—GEXNERAL.

General. 31-370. The following table lists all the transmitting vacuum
tubes now in use in the service. Opposite the type nuinber of each
tube is given the maximum allowable filament and plate voltage
and enrrent when the tube is used as an oscillator., It will
generally be found, however, that less filament current than the
value given in the table can be used for normal operation.

Lite of vacu- 81-371. The life of a transmitting tube, provided the vacuum

um tabe. remains good, is directly dependent upon the life of the filament.
The emission of the type CW vacuum tubes (coated filament) is
greatly in excess of the amount that can be utiliized at the maxi-
mum plate voltage, as given in the table, consequently this type
of tube should be operated as far below the maximum as possible
and the life of the tube thereby lengthened. In the case of the
type CG tubes (tungsten filament), the filament current has an
extremely important bearing on the life of the tube. A wvery
small increase of filament current over the maximum value will
result in a very marked decrease in the life of the filament. On
the other hand, the total emission from this type of filament is not
greatly in excess of the amount utilized at the specified plate
voltage. It is, therefore, well to operate these tubes at or below
the value given in the table for the particular tube and never to
erceed the maximum value.

|

i
Watts out-
Type No. put (nomi-
nalrating).

e

i Filament. [ Plate.
i,

Milli-

Volts. amps.

Volts. s Amperes.

330 50

QECTION V.—ATRCRAFT RaDio T.QUIPMENT.
X PART 1.—GENERAL,

Purpose. 31-400. Aircraft are equipped with radio apparatus for estab-
lishing the following lines of communication:
(1) Aircraft to aircraft.
(2) Aircraft to ship.
(8) Aircraft to shore.

If the aireraft is equipped with only transmitting apparatus,
the above communication by radio is one-way. However, when
the aircraft is equipped with receiving as well as transmitting
apparatus, the communication is both ways.

Speclial re- 31-401. All the classes of transmitters and receivers used for
quirements. ship and shore work are applicable to aircraft duty, but for this
duty the apparatus is specially constructed as regards \\'eigllt

and ruggedness,
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31402, The transmitting apparatus includes the following
classes:

(1) Spark—
(a) Synchronous.
(b) Quenched.
(¢) Chaffee,

(2) Vacuum tube—
(@) Interrupted continucus wave,
(b) Telephone.
(c¢) Continuous warve.

31-403. The order of efficiency of transmission for the above
classes of transmitters is spark, ICW, telephone, and CW, the
spark being the least efficient. In point of difficulty of being
received, the order is reversed, CW signals being the most difii-
cult to pick up. The highest powered transmitters at present in
use are of the spark class, while the longest range transmitters
are probably of the continuous-wave class. On the other hang, it
is considered that more reliable communication is obtained with
transmitters of the spark class. This is mainly due to the fact
that spark signals are more easily picked up than to any inherent
weakness of the vacuumn-tube transmitters. Interference is least
with continuous-wave transmission and greatest with spark.
For this reason it is proposed to wuse continuous-wave trans-
mitters for spotting planes where a large number of planes are
required to operate simultaneously and within & narrow band of
wave lengths,

31-404. The power plant for aircraft radio transmitters is
now being standardized to use the fan-driven set equipped withp
a self-regulating fun (constant speed and power). For some time
to come, however, there will be a considerable number of spark
transmitters operated by nonregulating fans, and of vacuum tube
transmitters operated by storage batteries.

31-405. The latest types of radio apparatus for aircraft will
give as reliable communication as any ship or shore station radio
apparatus of equal power. However, aircraft radio apparatug
requires far more care and attention than ship radio apparatus
for many obvious reasons, some of which are that the apparatus
must be constructed with much less weight and, therefore, must
be handled more carefully. For example, the weight of a one-
Lalf kilowatt transmitter for aircraft service is dpproximately
60 pounds, while one of the same type and power for ship service
weighs in the neighborhood of 400 pounds, hoth weights being
exclusive of the antenna equipment. Also, aircraft radio appa-
ratus (in direct contrast to ship radio apparatus) is exposed to
the most severe weather conditions, op£1'ates under terrific vibra-
tion, is constantly exposed to the most Severe shocks in landing,
‘éte., and is subjected to temperature changes varying from helow
zero to over 100° above zero. For these reasons the utmost care
shiouid be taken in the installation, handling and upkeep of the
apparatus. Canvas covers are provided to protect the apparatus
when not in actual use. It is estimated that 75 per cent of the
failures of aircraft radio apparatus to function properly are due
to the improper installation and upkeep of the equipment., When
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this condition is eliminated, the aircraft equipment can be classed
with ship and shore station equipment in the matter of dependa-
bility.

31-406, Aircraft radio equipment is, in general, similar in
theory, operation, care and upkeep to the equipment found in
ship and shore station installations, therefore, the operation of
apparatus typical of each class and pertinent only to aircraft
installations will be given here.

(A) RADIO TRANSMITTERS, \J

PART 1. SYNCHRONOUS SPARK TYDPE.

31-407. Type SKE 1300 and SE 1310 aircraft transmitters
are of the synchronous spark type. These transmitters are pro-
vided with a toothed wheel keyed to the alternator armature
shaft and so placed that one spark will occur between the tooth-
ed wheel and fixed electrode at the instant that the alternating
voltage in the generator reaches its maximum positive or nega-
tive amplitude, thus causing one spark per alternation.

31-408. These sets should alicays be given a bench test before
installation and after long periods of idleness in order to make
sure of proper generation, insulation and setting of spark gap.
The wave length must be adjusted and set before flight except in
the later modifications of the sets, where three wave lengths are
provided. In the modified types. any one of the three wave
lengths provided can be selected by a remote control of the gen-
erator unit wave changer from the operator’s position, The an-
tenna circuit is tuned to resonance with the closed oscillating cir-
cuit (set to the proper wave length before flight) by means of a
variometer in the antenna circuit. The use of the variometer
compensates for different lengths of antenna. The antenna cir-
cuit is in resonance when maximum radiation is obtained. This
tuning is usually done by varying the inductance in the vario-
meter until resonance is obtained.

PART 2.—QUENCHED-SPARK AND CIAITEE GAP TYPES.

31-409. Transmitters using the quenched-spark gap and the
Chaffee gap are similar in operation. The type SIt 1320 trans-
mitter employs the Chaffee gap.

31-410, The Chaffee gap transmitter is of the so-called impact
type. Unlike other types of spark transmitters, the antenna cir-
cuit can be tuned to the desired wave length without making any
adjustment of the closed oscillatory circuit and not suffer from
a great loss in efficiency. Ior this reason it is very flexible and
will operate on antennas of widely different constants, It has
only one wave length, but this wave can be changed somewhat
by varying the length of the antenna, although best efficiency will
be cbtained on the wave length for which the set is designed.

31—411. The operation of this set is verv simple. The antenna
is let out to its proper length, The spark gaps are both closed,
the transmitting key depressed and the gaps adjusted until maxi-
mum radiation is obtained, The set is then ready for use. The
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generator is wind-driven and very reliable, but the generator field
must be separately excited momentarily by means of a small dry
battery which is supplied for that purpose. The complete trans-
mitter should always be subjected to a bench test bhefore installa-
tion and after periods of idleness.
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31412, Figure 31-20 show a simpliied diugram of a standard .. Jnstallation on
installation of the type SE 1310 transmitter on the Fe-5-1., The " FOLs
use of a separate dry cell for exciting the field of the generator is
ubviated by connecting the vacuum tube fllament battery to the
‘“ Send-receive ” switch, so that when the handle of the switch
passes over to the “send” position it momentarily touches the
“test” position, throwing the battery tcross the field of the gonera-
tor and in this way causing the generator tu pick up. Details of
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this switch are not shown in the diagram. The switch has four po-
sitions; thege are * send,” off,” “test,” and ‘‘receive.” Great
care must be taken in wiring up the switch and variometer to
have the variometer between the switch and antenna, other-
wise the switch will be at a high potential, which will result in
dangerous arcing, especially when these transmitters are fitted
with the wave-changer switch, giving 507, 600, and 800 meters.
This wave-changer switch is mounted with its handle on the out-
side of the generator streamlined body. The best place to mount
the generator on an F-5-L: is on the center rear strut, where the
operator can reach the switch from the after cockpit opening
while the plane is in flight. Frequently the type SE 1414 receiver
ie installed with this transmitter instead of the standard type
SE 1950 receiver with amplifier. In this case the vacuum tube
filament battery should be connected to a D.P.D.T. switch for
throwing it alternately to the receiver or to the proper connec-
tions on the transmitter switch for exciting the generator field.
This must be done because of a peculiarity in the single circuit
type SE 1414 receiver.

PART 3.—VACUUM-TUBE TYTE.

31-413. Many types of tubes and tube transmitters are being
used in naval aviation. They all operate on the same general
principle, but some accomplish their functions more efficiently
than others. The tube transmitter has the advantage of much
lower decrement, thus causing less interference, Three miethods
of iransmission are possible with a vacuum-tube transmitter.
These are (1) ICW., (2) telephone, (3) CW. The telephone
feature can be used to advantage in many cases, but is not as
reliable or efficient as the other two methods. The buzzer modu-
lated, or in later sets, the chopped continuous wave is more
efficient and will carry through strays or interference better than
the telephone. The continuous wave will give a greatly increased
range, but unfortunately it is much harder for the receiving
station to tune in; therefore, unless the receiving station 1is
specially instructed to listen for that exact wave and to use
the continuous-wave method of reception, the gignals will not be
heard. v

31-414. (1) The later types of tube transmitters operate from
a wind-driven generator using the self-regulating propeller, which
gives a very constant generator speed, thus maintaining a con-
stant voltage which is so necessary to the proper operation of
tubes. This generator provides the filament or “A” current and
the plate or “B” current. The grid or “C” voltage is supptied
from a dry battery. Care should be excreiged in handling the
plate current as this is high voltage. As these sets usually have
provision for three methods of transmission, the switch must be
set to operate on the method desired. The sets are also designed
to operate on several wave lengths. Te operate it Is necessary
to set the wave changer switch on the wave length dexired
and to throw the trapsmitter switch to “ Pransmit” position.
Tubes should immediately light up. Take note of meters and ad-
just each circuit to show preper reading as given in instruc-
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tions. Some tube transmitters are provided with a lamp in the
plate circuit to indicate whether the set is modulating properly
or not. This lamp should show a cherry red glow when not
sending or talking and, if set is functioning properly, it should
light up considerably brighter when talking, or if using buzzer
modulation, when the key circuit is closed. The best modu-
lation is obtained when the greatest variation in brilliancy is
noted on the modulation indicator lamp. When continuous wave
transmission is being used, this lamp is net lighted,

(2) All types of tube transmitters now in use employ special
tubes as modulator tubes which are not used in the continuous
wave transmission. Later types will probably be so designed as
to use all the tubes for all methods of transmission. On battery
powered tube transmitters care should be taken to adjust the fila-
ment current very carefully, as upon this one adjustment depends
in a great measure the proper operation and life of the tube.
Obviously, an adjustment made in the filament current at the
start of a flight will not hold good during the entire flight, as the
battery voltage decreases rapidly during operation. Therefore, to
counteract this, the resistance in the filament rheostat must be
reduced to make up for this drop in voltage.

31-415. When the radio equipment is installed on planes at the Iustallation
factory or at naval aircraft stations, the entire equipment should and testing.
he carefully tested before the planes are shipped from the fac-
tory or flown. This can be done by providing a separate port-
able motor to drive the gencrator and a dummy antenna, consist-
ing of a capacity, inductance, and resistance. The constants of
the dummy antenna should be the same as those of the service
antenna. By this means the transmitter can be tested before
flight and tuned approximately to the desired wave length, thus
obviating the possibility of failure of the transmitter during
flight, due to faults in the connections and apparatus.

31-416. It is especially important that every part of the installa- Tests prepara-
tion be carefully gone over before each flight, special care being tory to fight.
taken to see that all connections are tight. covers removed from
the apparatus, that the batteries have just come off charge and
are in good condition, that the filaimments of the vacuum tubes for
the detector and amplifier light up, that the interphone is work-
ing satisfactorily, that no part of the apparatus equipped with
the cradle suspension is touching the body of the plane, that the
list of spares is comiplete, and, finally, thut the emergency com-
munication equipment is complgte in every detail and ready for
instant use,

31-417. (1) A few of the troubles which are mest frequently Faults ard
experienced will be ebumerated. It should be remembered that remedies.
it is impossible to conduct much repair werk during flight, hence
a very careful test to determine positive operation shonid he made
just before flight. Examine switch contacts to rear of the
panel Tor loose contacts. Make a careful examination of the
wiring to see if any circuits are open. Examine the tube buse
contacts and all outside connections to the battery, generator,
antenna, etc. If trouble is being experienced and can not be
immediately located, substitute new tubes and try again to oper-
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ate. If trouble is not then apparent it is probably due to genera-
tor faults, open grid leak, or a short-circuited condenser, neither
of which can ordinarily be repaired in flight.

(2) Operation of tube transmitters on short wave lengths by

part of the receiving operator, but insures great freedom from
interference and great range. It also requires special care on the
part of the operator in the plane. It is very well known that a
very small alteration in the wave length when receiving con-
tinuous waves below 1,000 meters will cause the beat note in the
receiver to change its pitch to so great an extent that it may pass
beyond the limits of audibility and thus the signal will be lost,
The standard spotting plane set, type SE 1345, now being modified
for continuous wave transmission, has the peculiarity that when
the plane is making an abrupt turn, the configuration of the
antenna with respect to the plane changes, thus altering its
capacity and making a slight difference in the wave. This makes
trouble for the receiving operator during reception. Therefore,
the pilot should not transmit important information when making
a quick turn.

(3) Ail transmitters using wave lengths relatively short com-
pared with the antenna length, which is especially irue of spot-
ting plane sets with 140 feet of antenna, show some directional
effect, that is, the signal is stronger when the plane is fiy-
ing towards the receiving station than when the plane is flying
away from it. This effect becomes less pronounced when the
plane gets farther away. It is, therefore, not very serious. When
the plane is flying directly over the receiving station, however, a
great many curious directional effects are observed, the signal fad-
ing out entirely during brief intervals in spite of the nearness of
the transmitter. It is assumed that small, fast planes capable of
making quick turns will only do this in case they are in actual
combat, in which case they will usually find it necessary to cut
away the antenna altogether in order to make quick evolutions.
If such planes are on spotting duty they should fly over the course
1aid out fer them, the line of flight making a figure 8, with slow
turns at each end, and if it is for any reason necessary to make a
quick turn, spotting signals should not be sent until the plane is at
least partially turned about. If the plane is not very distant,
say within ten miles, it will be better to fly around the figure 8,
so that all turns are made towards the ship receiving, so that
taking the directional effect intoeconsideration the ship will al-
ways receive the best possible signals. Fading on turns is more
pronounced with continuous wave trapsmission than with any
other type, although it is noticeable with spark and ICW trans-
mission.

(B) RecEiviNG EQUIPMENT.
PART 1.—GLNERAL,

31-418. Two general types of receivers are now used in air-
craft radio. One is the complete-unit type, which contains in one
box the receiver proper, the detector circuit. and a two-stage
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audio-frequency amplifier. The second type consists of _two
units, one of which is the receiver while the other is a six-stage
radio-audio-frequency amplifier and detector. The general fea-
tures of the receiver, detector, two-stage audio-frequency ampli-
fier, and the radio-audio-frequency amplifier and detector have
already been given.

31419. The single-unit receivers are divided into two classes,
viz, (1) single-circuit and (2) double-circuit receivers. The
cingle circuit, while very simple in operation and an excellent
receiver for some purposes, is nut selectne Its tuning is broad
and therefore interference on near-by wave lengths is very pro-
nounced. The double-circuit receiver is superior to the single-
circuit type, but requires more adjustment\.* '

31-420. The following sequence of adjustments to the receiver
will give good results:

(1) Turn on current to tubes and by means of rheostat bring
the filaments to proper brilliancy. (See Article 31-812 for
proper values of filament current.)

Note.—Always burn filaments at the lowest temperature
compatible with good results.

(2) Set the secondary circuit by the condenser to the wave
Iength of the signal to be received. (This circuit of the receiver
is generally calibrated.)

(3) Set the coupling between the antenna and secondary cir-
cuits at about one-half its maximum value. Adjust the antenna
circnit by means of the capacity and the inductance until the
signal is heard.

Note.—When the antenna circuit is in resonance wwith the
secondary circuit a certain amount of ignition disturbance
will usually be heard; also static will come in with maximum
intensity when the tiwo circuits are in resonance.

(4) When the signal is once heard, readjust both antenna and
secondary circuits with very loose coupling.

NoTE—The tuning of aircraft reccivers is the same as that
for receivers in ship and shore installations.

(5) Adjust the antenna circuit to give maximum signal with
this loose coupling and leaving the adjustment of the antenna
circuit unchanged. Tune the secondary circuit carefully and close
up the coupling slightly.

Note—Alwways use the loosest coupling at which the signal
can be read because this will reduce trouble from interference,
static and ignition,

31-421. The amplifier used in the installation, whether of the
two-stage audio-frequency or of the six-stage radio-audio-frequency
type, should be operated as described in Articles 31-527 to 31-538,
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31-423. A very satisfactory method of reception in installations
on planes provided with ignition prevention devices is to use
the compass coil whenever practicable for receiving, and to use
the antenna only for transmitting. Interference can then be
reduced to a great extent by a slight rotation of the compass
coil. A combination of the radio compass coil for receiving and
the antenna for transmitting makes an excellent break-in system,
because with this arrangement the “ Send-receive” switch need
not be operated.

PART 2.—RADIO COMPASS.

31-424. The aircraft radio compass is similar in theory to the
radio compass used in ship and shore installations. (See Sec-
tion IX.)

31-425. Two methods of determining direction are used in
aireraft work, namely, the minimum and the maximum. The
first method is the same as that described in Rection IX, and is
used when the received signal is very loud in the maximum
position. The maximum method is employed when the signals
are too weak to use the minimum method, that is, when the
signals are weak on the maximum setting or when a very broad
zone of silence is obtained by the minimum method. In the
minimum method the plane of the coil turns is at right ancles
to the line of bearing of the transmitting station when zero signal
is received, while in the maximum method the plane of the coil
coincides with the line of bearing of the transmitting station
when maximum signal is received.

31-426. Successful operation of the compass coil can not he
obtained over ranges in excess of fifteen miles unless steps are
taken to prevent interference from the ignition system of the
motors, This is accomplished on the F-5-L’s and the NC-boats
by the remote control of the entire ignition system effected hy
means of the Bowden cable, the switches and ignition batteries
being placed very close to the engines. The standard F-5-L
installation, provided the plane is equipped with ignition-pre-
vention devices, should give satisfactory bearings on 5 KW
transmitting stations at distances up to 100 miles, and fairly
accurate bearings up to 150 miles,

PART 3.—INTERPHONES.

31-427. The interphone used on naval aircraft is very much
like the ordinary telephone, but by the use of better transtormers
and microphones the voice is transmitted much more loudly and
clearly than over the ordinary telephone. A special type of
microphone is used embodying an antinoise feature which per-
mits the transmission of voice freguencies only.

31-428. Tor best results, speak into the microphene fairly loudly
and distinctly, kceping the button depressed while talking. The
microphone buttor should not be depressed while listening.

31-420. The interphone systemm should be frequently tested,
preferably while the motors are being tuned up on the beach,
The current for the interphone is supplied by the use of one-hulf
of a type SE 8335 A battery, approximately 11 volts. The loca-
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tion of this battery should be kept clearly in mind by the inspect-
ing radioman and should be replaced by a fresh battery when
found necessary to give good results.

31-430. (1) The standard aircraft radio helmet, type SE 2000,
is provided with soft sponge rubber ear cups to relieve the ear
from all pressure. It is exceedingly comfortable, but rather warm
in hot weather. The helmet is designed to give a fair signal with
a maximum degree of comfort to the operator. If the ear cups
are made shallow and bound tightly to the head, better signals
can be obtained, but the continual pressure on the ear generally
causes a headache. The operator will find it better when very
weak signals must be received to press his hands on the outside
of the helmet over the ear cups, which will bring the telephones a
little cleser to the ears. Although this will be a temporary dis-
comfort, it will enable him to receive the signals. The cape at
the base of the helmet should be tucked in under the clothing so as
to prevent the sound from the motors from entering.

(2) Each operator and pilot connected to the interphone should
have his own helmet, which should be sewed up to fit his head
and marked with his name. It will also be found advantageous
to shape the rubber ear cups to fit the contour of the cheek bones
just below the ear. For this purpose a very sharp knife should
be used.

(C) EMERGENCY COMMUNICATION,

31—431. When a seaplane is forced to the water the trailing wire
antenna is no longer available for transmitting purposes. An
antenna stretched between the two skid fins of large seaplanes
may he used for transmitting, but the range of this small low
antenna is very limited. In order to increase the transmitting
range for emergency conmmunication, the large seaplanes are now
supplied with an emergency equipment, consisting of two kites,
one to be flown in a low velocity wind, and the other, which is
smaller, for use in winds of higher velocity. The type of Kite
used maintains a very constant elevation in spite of flaws in the
wind. For this reason continuous wave transmission can be used
with satisfactory results. Light weight antenna wire of small
diameter is used as the kite string.

31-432. Canvas wind tunnels are also supplied for use in con-
nectidn with transmitting sets which obtain their power from
wind-driven fans. This wind tunnel is placed behind the main
engine propeller so that the small opening, which is about two
feet in diameter, terminates a few inches from the fan driving
the radio generator. The generator is mounted in the V strut
directly aft of the engine, and is so designed that it may be readily
shifted from one motor to another in case one of the motors goes
out of commission. The use of the canvas wind tunnel enables full
power to be developed by the radio generator at such low specds
of the main engine that the plane makes hardly any headway
through the water. This feature protects the seaplane from dam-
age should heavy seas be running.

31—133. The kite antenna is a very good radiator and also gives
excellent results when used for receiving. About 100 feet of spare
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antenna wire should be carried. This wire should be connected
to the base of the generator and thrown over the side into the
water for the purpose of obtaining a good ground connection.
Tests with this equipment have demonstrated that excellent two-
way communication may be obtained over distances in excess of
150 miles.

31-434. The weight of the additional emergency equipment is
very slight and, as the kites are collapsible, the entire emergency
gear may be readily stowed in a plane.

The Kkite, in addition to its use as a means of holding an antenna
aloft, also serves as a marker for the disabled plane. The value
of this feature is further enhanced by the color of the kite,
making it possible for watercraft and other aircraft to locate the
seaplane more easily.

31-435. The emergency communication apparatus should be
carefully inspected and placed on board each seaplane to be so
provided before flight. Frequent drills in the use of this ap-
paratus should be conducted. Each member of the crew should be
given a number and assigned to a certain duty. When a forced
landing is made, each man will go to the location assigned him
and complete his duties as soon as possible. This procedure will
obviate the necessity of the pilot giving separate orders to each
man, and a great deal of time will thereby be saved. It will
be seen that the time element is a very important factor, because
the plane is usually badly disabled and in a sinking condition
after a forced landing has been made.

SECTION VI.—RECEIVING EQUIPMENT, \/
PART 1.—GENERAL,

31-450. Receiving equipment includes all the apparatus between
the antenna switch and ground connection of a radio station
that is used for the reception of radio signals. The following
list gives the apparatus used in the service for receiving radio
signals:

(A) Receivers.
(B) Amplifiers.
(1) Audio-frequency type.
(2) Radio-audio-frequency type.
(C) Vacuum-tube detectors.
(D) Radio-frequency drivers.
(E) Special equipment for increasing selectivity.
(1) Acceptor-rejector circuits.
(2) Model RB receiving equipment.
(3) Tuned telephone.
(F) Wavemeters.
(G) Miscellaneous apparatus:
(1) Telephones.
(2) Crystal detectors.
(3) Vacuum tubes.
(4) Condensers fixed and variable.
(5) Inductances.

The complete receiving equipment used in any one installation

depends upon the type of service required of the installation.
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31-451. The collector may be the main or auxiliary antenna Collector.
Or any other antenna constructed especially for receiving, such
as the one or two wire antenna of very moderate dimensions.
The collector may also be g loop or coil similar to that used in
the radio compass installations.

(A) RECEIVERS.

PART 1.—GENERAL,

31-452. Radio signals are transmitted by either damped or
undamped waves. The type of receiver used in the service can
usually receive and detect either type of oscillations. The sim-
plest form of receiver is that used for reception of damped wave
(spark) signals. The equipment for this purpose includes (1)
the collector, (2) the receiver (consisting of three circuits, viz,
the antenna circuit, the secondary circuit, and the detector cir-
cuit), and (3) the ground connection. The antenna circuit of
the receiver is used to tune the antenna to resonance with the
frequency of the signal to be received, thereby obtaining a maxi-
mum effect in this circuit from the advancing wave. The sec-
ondary circuit is also tuned to resonance with the antenna ecir-
cuit and the maximum amount of current is thereby transferred
to the detector eircuit which is used for rendering the signal
audible,

31-453. The following table gives data on the standard types Tyspes of re-

. . civers.
of receivers now in general use: ceivers
. Wavelength -

Type No. range (rnetgers). Use.
CNM3-A ... 300-2,500 | Unit of one-half kilowatt
pack set,
SE012-A. ... 50-1,000 | Radio Compass equipment.
SE M4, . I 200-2,000 | Aircraft equipment.
SE M- I 250~6,800 ! All around work.
SE 1420-D...._ [l 250-6, 800 Battleship equipment.
SE M20-E... . [l 250-6, 800 Do.
SE 1440-A. .. ... 250-1,200 | Radio compass equipment.
SE 1530........ - 6,000-30,000 | Shore station equipment.
SE 1899. ... ... . 800-25,000 | All around work.
SE 1950. ... ..., I 300- 2,400 | Aircraft equipment.
SE 3649.... ... ... 800-25,000 | Standard battleship equip-
| ment.
|
L

31—454. The description of g typical radlo receiver given n Induetive hack
part 2 of this section applies to practically all of the more recent coupling.
types of Navy receivers except in a few minor details. The
SE 1420-C receiver includes the vacuum tube detector. Thisg
feature is not present in some of the other types. The present
practice is to use inductive (magnetic) coupling between the
antenna and secondary circuits as well as between the plate and
grid of the vacuum tube circuit. The remarks pertaining to the
installation, operation, care and upkeep and faults and their
remedies apply in general to all receivers,
31-455. The SI 899 and SE 1899 receivers employ a capacity Capacity back
back coupling for generating oscillations in the secondary circuit t®trline.
for autodyne reception. Although oscillations can be maintained
within the range of the receivers mentioned, the strength of the
oscillations can not be varied at will as with the inductive back
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coupling (tickler), and thereby adjusted to the proper strength
for the signal being received. This feature results in a loss of
sensitivity and, when the tuned telephone circuit is added to the
receiver, oscillations can not be maintained except on the longest
wave lengths,

PART 2.—DESCRIPTION.

31-456. The type SE 1420C receiver is intended for the recep-
tion of damped or undamped signals between 250 and 7,500 meters.
It permits the use of either the crystal or the vacuum tube detec-
tor, and contains within itself the receptacle and controls for the
latter. Variable back coupling provides for regenerative ampli-
fication of damped signals. By virtue of thorough shielding, the
receiver is highly selective and proof against local interference.

31-457. The antenna circuit comprises a coil variable in six
steps, or taps, and a continuously variable air condenser con-
nected in series between the antenna and ground binding posts.
The ordinary antenna acts like a relatively small inductance in
series with a relatively large capacity, and its effect upon the
tuning of the antenna circuit depends upon the magnitude of these
quantities, Consequently, it is impossible to predict the wave
length of the antenna circuit at any setting, and it is necessary
for the operator to determine the wave lengths, or calibrate, the
antenna circuit after installation, following the procedure given
in article 31-484. The wave length range of the antenna circuit
is from 235 to 6,000 meters when the capacity of the antenna is
0.004 uf., and from 235 to 7,500 meters when the capuacity is
0.0909 uf.

31-458. The secondary circuit comprises a coil variable in six
taps connected in series with a continuously variable air con-
denser, the detector circuit being connected across the terminals
of the latter. A pointer actuated by the inductance switch indi-
cates on the proper one of six circles on the condenser dial the
wave length to which the secondary circuit is tuned. The wave
length corresponding to the different settings of the secondary
condenser and the tap or inductance in use are engraved on the
upper half of the dial. These markings are spaced 100 meters
apart for the shorter wave lengths and increase in value to 200
meters and finally to 500 meters for the upper range of the
recoiver. The lower half of the dial is marked in degrees. The
wiave length range of the secondary is from 235 to 7,500 meters.

51-459. Both the antenna and secondary condensers are pro-
vided with “fine adjustment” knobs, geared to the movable
plite systems in the ratio of five to one.

31-460. (1) Any capacity offers less impedance to the passage
of radio-frequency than to the passage of low-frequency currents.
Consequently inferference or intrusion of signals from near-hy
stations, operating at wave lengths shorter than that to which
the receiver is tuned, may occur if there is electrostatic coupling
between the antenna and secondary circuits.

(2) Another kind of interference is that resulting from mag-
netic or electrostatic coupling with a transmitter in the same
building or on the same ship as the receiver. This is especially
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undesirable in “break-in” systems, where the operator must
listen for incoming signals during the pauses of the transmitter,
and is likely to be disturbed by loud signals from the transmitter.

(8) To overcome both kinds of interference, the entire receiver
is enclosed in a grounded sheet-copper case or shicld, the antenni
and secondary circuits being separated by a sheet-copper parti-
tion. This shielding is connected to the positive filament battery
terminal and prevents both magnetic and electrostatic coupling
between outside bodies and any part of the receiver. Klectro-
static coupling between the antenna coil and the coupling coil is
prevented by a coupling coil shield which will be described later.

31-441. Magnetic coupling between the antenna and secondary
circuits is obtained by means of a coupling coil connected in
series with the secondary coil and forming part of the first tap,
and magnetically linked with the antenna coil. 'The coupling
coil is mounted at an angle of 453° to its spindle, and the antenna
coil is fixed at an angle of 45° to this spindle. In this way a 180°
rotation of the spindle is obtained in turning the coupling coil
from a positien at right angles to the antenna coil, in which the
coupling is zero, to a position in line with the antenna coil, in
which the coupling is a maximum. Thus the 45° mounting affords
finer control of coupling than that obtainable with a rectangular
mounting,

31-462. The coupling coil is provided with an electrostatic

H L L. . S
shield to prevent electrostatic coupling between the antenna and

secondary circuits. This shield consists of an additional winding
placed over the coupling coil, wound in the opposite direction to
the latter, one terminal being connected to the low-potential or
ground end of the coupling coil, and the other terminal being
dead-ended (see fiz, 31-24). The shielding thus obtained is of
course imperfect, so that some radio-frequency alternating current
still flows by electrostatic coupling from the antenna coil through
the coupling coil to ground, setting up an alternating voltage in
the coupling coil, which is impressed upon the secondary circuit
and the detector. An equal and opposite voltage is induced in the
coupling coil by the displacement current flowing in the shielding
coil, completely neutralizing the effect of electrostatic coupling
upon the secondary.

31-463. (1) Oscillations are obtained by means of the back
coupler having a stationary part, wound on the main secondary
coil tube (see figs. 81-22, 31-23, and 31-24), in series with a rotat-
able part, wound on a spherical form, mounted inside the sec-
ondary coil tube (see fig. 31-24). When the movable part is in the
180° position, its coupling to the secondary coil is added to that
of the stationary part; and when it is in the zero position, its
coupling is subtracted from that of the stationary part, practi-
cally neutralizing it. By virtue of this construction a full 180°
rotation of tlie back coupler is obtained when passing from mini-
muni to maximum back counling, affordisg fine control as in the
case of the coupling coil.

(2) Inasmuch as mogt of tap 1 is in the antenna coupling
coil, it is necessary to resort to close coupling of the remainder of
tap 1 and of tap 2 to the back coupler in order to secure oscillation

83156°-—22—8
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cn these taps. Accordingly, the remainder of tap 1 ix placed di-
rectly over one side of the movable back coupler coil, the stationary
back coupler coil being placed between it and tap 2 (see fig. 31-24),
31-464. A push button is provided near the back coupler knob.
When this button is depressed it short-circuits the back coupler
and stops oscillation, changing the direct plate current and giving

a click in the telephones,
mlnlzgo‘;”“‘ ¢ 31-465. Every coil has a natural wave length of its own due

to capacity betwecn its turns. In the type SE 1420C re-
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Fi6. 31-21,—Scheme of connection for crystal detector.

ceiver, the high -inductance sections of the antenna and see-
ondary coils are resonant at wave lengths within or near the
operating ranges of the low-inductance sections. The latter,
therefore, tend to induce oscillations in the former, dissipating
power and weakening signals. To overconme this, each of the
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FiG. 31-22.-—8cheme of conmections for vacuum tube,
inductance switches is provided with a number of blades to short
circuit the high-inductance sections when the low-inductance sec-
tions are in use, reducing the natural wave lengths of the former
by about one-half and bringing them well below the operating

ranges of the latter,

“f‘;“m'“d‘“ 31466. (1) A four-pole double-throw “ anticapacity ” switch is

provided for making the connections shown in either figure 31-21
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or 31-22. In the set of connections shown in figure 31-21, the
grid, plate, and filament are disconnected, both battery cir-
cuits are opened to prevent drainage and waste, the terminals
of the secondary circuit are connected to the “sec. cond.” bind-
Ing posts, and the crystal binding posts are connected in series with
thie telephones across the secondary circuit. The “sec. cond.”
binding posts may then be used for connection to the input
terminals of a radio-frequency amplifier, provided that the crystal
be disconnected from the ‘“ crystal ” binding posts (see fig. 31-23).
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Fi6. 31-23—Wiring diagram (loocking at back of receiver).

(2) In the set of connections shown in figure 31-22, the sec-
ondary circuit is connected between the grid and the filament,
and the back coupler, telephones, and plate battery are connecied
in series between the plate and the filament.

(3) In the intermediate or “send ” position the Crystal-audion
switch opens all connections so as to prevent loud noises in the
telephones when sending.

31-467. The tube mounting carries a four-contact bayonet-joint
tube socket, suspended on springs in such a way as to be
mechanically shock-proof so that external vibrations will not
produce vibration of the tube and consequent noises in the tele-
phones.

31-468. A 0.007 pf mica condenser (65-67, fiz. 31-22) is de

connected between the back coupler and the filament to act
as a radio-frequency by-pass around the telephones and
plate battery. When operating on the crystal detector this
condenser is in series with the crystal and in shunt with the
telephiones (fig. 31-21). It has six steps, so as to permit approxi-
mate tuning with the telephone inductance to the note of the
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incoming signal. Incidentally, it serves as an auxiliary osciiia-
tion control, as it offers a greater impedance to radio-frequency
plate current when set at a low value than when set at a high
value, thereby making oscillation more difficult.
@rld condens- S1-469. The type SE 1420C receiver differs from the type SI
er and leak. 1420 and SE 1420A and B in tbat the grid bias has been
eliminated and, a fixed capacity of 80 uuf, is connected in series
with the grid. A high resistance, 2 megohms, iz connected across
the condenser, It has been found that the over-all sensitivity of
the receiver is greatly improved by the addition of the grid con-
denser and grid leak. M
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Fia, 31-24.—S8chematic Qiagram,

Test buzzer. 31-470. A buzzer and controlling push button are provided for
exciting the antenna circuit into damped oscillation at the wave
length to which it is tuned. The exciting circuit is capacitively
coupled to the antenna circuit by means of a small metal tube
or spirai of wire surrounding the antenna lead and connected t»
the armature of the buzzer, the stationary contact of the buzzer
being grounded. The buzzer enables the operator to tune the
antenna and secondary circuits to each other approximately, and
to test the performance of either a crystal or a vacuum-tube

detector.
PART 3.—OPERATION.

Operating re- 31471, The principal objects sought in the operation of a ra:dio
guirements. receiver are (1) loudness and clearness of signals, (2) elimiau-
tion of undesired signals including * static,” and (3) rapid
“pick-up” work., These objects are antagonistic to a certain
extent, and therefore, can not be attained simultaneously as will
e made evident in the consideration of the various phases of
operation,
Vacuum tubes. 31-472. The following types of vacuum tubes will operate sut-
isfactorily in this receiver;
Type SE 1444,
Type CVW 933,
Type G 899,
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The type CW 933 tube is considerably better than the other two
for producing oscillation. TFor detection all three are roughly
equal. The type SE 1444 is considered somewhat more sensitive
and has the additional advantage that it takes about three-fifths
as much filament current as either the type CW 933 or CG 890,
and but one-fifth as much plate current as the type CW 933 tube.

31-473. The proper adjustment of filament current is of vitalm
importance in the operation of any tube. While an increase in
filament current, within limits, makes a tube a better oscillator, it
does not always improve the detecting properties of the tube, and
it causes the filament to burn out sooner. The proper filament
currents are as follows:

Tilament

current
Vacuum tube. (amperes).
Type SE 1444 e 0. 65
Type CW 933 e 1.10
Type CG 890 e 1.10

Do not at any time unduly increase the jilament current as it
will weaken the signal and greatly shorten the life of the tube.

31-474. The value of the plate voltage is second in importance
only to that of the filament current, and is governed by similar
considerations. An increase in plate voltage, in general, improves
the tube as an oscillator. The following table gives the plate
voltage limits for the three types of tubes, for best detection:

Plate

voltage

Vacuum tube. (volts).
Type SE 1444 e 40
Type CW 988 40
Type CG 890 e 40

31-473. The primary function of the telephone condenser is to
tune the telephone circuit to the note of the received signal. This
adjustment, however, is not sharply critical in its effect upon sig-
nal strength. Tor high-pitched notes and for crystal operation
it will be found better to set the telephone condenser at 1 or 2.
while for low-pitched notes it will be found better to set it at 5
or 6. A secondary function of the telephone condenser is the con-
trol of oscillation, This use of the telephone condenser will be
found necessary under certain conditions. For example, it will
be found that with most type CW 933 tubes oscillations can not be
stopped at the lower wave lengths on tap 1 unless the telephone
condenser is set at 1 or 2. Always make the final adjustment of
ogecillation strength with the back coupler knob.

31-476. (1) In addition to its function of oscillation control, the
back coupler plays an important part in securing maximum loud-
ness of detected signals and high selectivity. To secure this by re-
veneration in the case of damped signals, increase the back
coupling slowly and carefully until the signal in the telephone is
loudest. If it is still further increased, oscillation will be set
up in the secondary circuit, as evidenced by an irregular hissing
sound accompanied by a reduction in strength of signal.

(2) The adjustment of the back coupler for autodyne reception
of undamped signals is almost as critical as that for detection of
damped signals, With the secondary circuit in the oscillating
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condition, decrease the back coupling slowly until the signal is
loudest, at the same time retuning the secondary. 7The Ioudest
signal is obtained when oscillations are on the verge of stopping,
and not when they are strongest. Should any howling” be
heard in the telephones when the secondary circuit is in the
oscillating condition the disturbances may be eliminated by
reducing the back coupling.
tes(t).“”h“o“ 31477, To test for the presence or absence of oscillations in the
secondary circuit, press the button beneath the back coupler knob,
A dull click in the telephones, on both depression and release,
indicates the stopping and starting of oscillations. In the absence
of oscillations no sound will be heard.
Factors aftect- 31-478. (1) The factors affecting oscillation in the wecondary
lag osalllatlon. iriit are as follows:
(1) Vacuum tube.
(a) Tilament current.
() Plate voltage.
(2) Back coupler setting.
(3) Telephone condenser setting.
(4) Antenna:
(a) Coupling.
(b) Tuning.
t“ﬁf;frt of an-  (2) The effect of the antenna upon the ease of osciilation in
the secondary circuit, though not generally appreciated, is quite
pronounced. When the antenna circuit is coupled and tuned to
the secondary circuit, power is transferred to the former from the
latter, producing oscillations in it. The amount of power ex-
pended in this way depends upon the characteristics of the an-
tenna; so that different antennas differ in the magnitude of
their effect upon the oscillations. An antenna of exceptionally
high resistance may stop oscillations on taps 1 and 6. 1In this
case and in no other it is permissible to raise the plate voltage
to a certain extent—say to 60 volts.
Failure to ob- (3) Failure to obtain oscillations at any ware length setting
tain osciilation. . . P . .
with an ordinary antenna indicales a defective tube, a defective
receiver, or improper manipulation.
Adjustment of 31-479. (1) The coupling plays a very important part in the
coupling. performance of the receiver, and the operator should thoroughly
acquaint himself with its action and use.
Loese coup- (2) At low values of coupling, the reaction between the antenna
ling. and secondary circuits is slight, and the tuning of one circuit is
virtually independent of the tuning of the other. Consequently
two independent selections of wave lengths by tuning are made
in the two circuits, and the receiver as a whole is hichly selective,
This is a desirable condition when there are interfering signals
at wave lengths only slightly different from that of the desired
signal, and will make lnose coupling preferable to tight even ut
the cost of loudness of signal.

(3) Tight coupling introduces such a reaction between the
antenna and secondary circuits that the tuning of one circuit
appreciably affects the tuning of the other over wide ranges.
With tight coupling the entire receiver is but slightly more selec-
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tive than one of the circuits alone. This is valuable in pick-up
work, where selectivity is not desired.

(4) Maximum loudness of signal is obtained with neither ex-
tremely loose nor extremely tight coupling, but with an inter-
mediate optimum value of coupling, which may be found by trial
and depends upon the wave length setting and the characteristics
of the antenna.

31480. To tune the secondary circuit to a desired wave length,
find the wave length among those engraved on the secondary con-
denser dial (or estimate its position from the nearest engraved
mark), set the secondary inductance switch to bring the pointer
on the proper dial circle, and rotate the condenser to bring the
pointer in line with the wave length mark, using the fine adjust-
ment knob. When the desired wave length occurs on two taps,
the tap indicating the greater capacity (higher reading in de-
grees) is to be preferred because the rate of change per degree in
total capacity is less on the upper range of the condenser scale,
thus permitting more selective tuning to be made. The dial
engraving gives the correct setting when the type SE 1444 tube
is used, with 40 volts plate battery and 0.65 ampere filament cur-
rent, the back coupling being adjusted approximately to the point
at which oscillation begins, the antenna coupling being loose.

31—481. (1) Any departure from these standard conditions
chuanges the secondary wave length, the following being the im-
portant factors:

(a) Detector.

(b) Back coupler setting.
(¢) Coupler setting.

(d) Antenna tuning.

(2) The capacity of the detector affects the secondary tuning.
A crystal detector or type CW 933 tube adds a higher capacity
to that of the secondary condenser than a type SE 1444 tube,
and consequently gives a longer wave length at a given condenser
setting.

(3) An increase in back coupling increases the secondary
wave length, especially on taps 1 and 2. ‘When operating on
these taps do not increase the bhack coupling beyond the point
at which oscillation begins, as it reaches resonance with the
secondary circuit and becomes the controlling factor in the
tuning.

(4) On tap 1, where the coupling coil forms the major part of
the secondary inductance, an increase in coupler setting de-
creases the inductance and therefore the wave length at a fixed
condenser setting. This is due to a reaction from the short-
circuited portion of the antenna coil.

(5) With close coupling, the antenna tuning reacts upon the
secondary tuning, as previously stated.

(6) The effects of (3), (4), and (5) upon the secondary tuning
are particularly marked in autodyne reception at short wave
lengths. Always bear in mind that the secondary dial engraving
gites correct wave lengths only when standard conditions obtain.

31482, The tuning of the secondary circuit depends upon
whether damped or undamped signals are being received. In re-

31-117

Optimum coup-
ng.

Tuning second-
ary to desired
wave length.

Factors gov-
ernlng wave
length of sec-
ondary.

Detector,

Back eoupler,

Coupler,

Antenna clir-
cuit.

Tuning seeond-

ary for signal.



81-118 CHAPTER 31,

ception of damped signals, tune for maximum Ioudness. In
autodyne reception of undamped signals, silence is obtained when
the secondary is in tune with the signal, and as the secondary
is detuned to one side or the other, a low ‘“beat note” is heard,
which changes to a shrill note as the detuning progresses, finally
becoming inaudible. The best * beat note” to use depends upon
the individual ear. Omn short wave lengths the “beat note” be-
comes inaudible with very slight detuning, so that it may be
missed entirely unless careful adjustment is made with the
secondary condenser fine adjustment knob.
Antemna tun- 31-483, (1) For maximum signal strength tune the antenna
ing. . . .

accurately to the wuve length of the incoming signal, regardless
of whether the latter ix damped or undamped. In stand-by or
pick-up work it is desirable to tune the antenna circuit to the
secondary independently of incoming signals. This can be done
by the following methods:

(a) Antenna condenser dial calibration.

(b) Coupling clicks.

(¢) Buzzer signal.

(d) Static.

(2) In using any of these methods, it will be helpful to re-
member that, with most antennas, the wave-length range of any
tap in the antenna circuit is roughly the same as the wave-length
range of the corresponding tap in the secondary circuit, For ex-
ample, any wave length found on tap 3 of the secondary circuit
will usually be found on tap C of the antenna circuit.

i eA::e:-;a dt;o‘ni (3) If the antenna condenser dial has been calibrated in accord-

method. ance with instructions given in article 31484, simply set the
antenna inductance switch and condenser dial to the wave length
indicated by the secondary dial. This is subject to whatever
error exists in the secondary setting due to departure from
standard conditions, It is also subject to error resulting from
the action of external influences upon the antenna, such as the
motion of large metallic bodies near the antenna, which would
change the capacity of the antenna. However, this method of
tuning the antenna circuit is sufficiently precise for practical
stand-by or pick-up work.

mg;‘l'(‘}};}‘ns click  (4) Tighten the coupling to 180 degrees, set the antenna in-
ductance switch to the proper tap, and with the secondary circuit
in the oscillating condition, rotate the antenna condenser back
and forth. A click will be heard in the telephones at a certain
position of the antenna condenser in rotation to the right, and at
a different position in rotation to the left. Loosen the coupling
gradually and these positions will approach each other, until a
critical coupling is rcached at which they coincide. At the
point of coincidence the antenna circuit is tuned to the sec-
ondary. If the coupling is further loosencd the clicks will
disappear. The tuning of the antenna circuit reacts upon the
secondary and changes the frequency of oscillation until the
antenna circuit is so far detuned that the reaction diminishes and
the oscillation returns to normal. This occurs abruptly and pro-
duces the click heard in the telephones.
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(5) Adjust the buzzer to give a clear note when the button is

31-119

Buzzer signmal

pressed, and with the secondary in the nonoscillating condition, "

tune the antenna circuit for maximum buzzer signal in the
telephone. This can be done equally well with a tube or a erystal
detector. Close coupling gives a loud signal, but broadens the
tuning.

(6) Tune the antenna circuit until a low rumbling or hissing
noise appears in the telephones. This may be done with any type
of detector, whether the secondary is oscillating or not, but de-
pends upon the regularity and intensity of the disturbances pro-
duced by atmospheric electricity, and sometimes fails because of
the complete absence of such disturbances.

31-484. (1) As soon as the operator has acquainted himself
with the use of the various controls and adjustments, he should
make it his first duty to calibrate the antenna circuit.

(2) Adjust the filament current and plate voltage to the proper
values for the tube in use. Set the secondary condenser accu-
rately to wave length 300 meters on tap 1. Obtain oscillations in
the secondary circuit. Set the antenna inductance switch on tap
A and tune the antenna circuit to the secondary by means of
‘“ coupling clicks ” as described above. Be sure to adjust both the
coupling coil and the back coupling to the lowest settings at which
clicks occur. If due care is exercised, the clicks produced by rotat-
ing the antenna condenser in opposite directions should not be far-
ther apart than two degrees. Set the antenna condenser midway
between the two click positions and mark the position of the
pointer on the dial with pen and ink, first using a soft rubber
eraser to remove grease from the dial. Write under this mark
the wave length—300 meters. Proceed in a similar manner for
all the wave lengths obtainable with the secondary, marking any
wave length which occurs on two taps of the antenna circuit at
two places on the dial (for example, wave lengths 300 and 400
are likely to occur on both taps A and B). The antenna calibra-
tion so obtained will be found invaluable in facilitating the work
of the operator. )

(3) Any change whatever in the structure, 1wires, or connections
of the antenna, or the erection or motion of large metallic bodies
in the vicinity of the antenna, destroys the accuracy of the
antenna calibration. In the event of such a change it is the duty
of the operator to erase the twriting on the dial, and recalibrate
the antenna circuit.

31-485. To adjust a crystal detector, connecct one cell to the
“ Buzzer battery " binding posts and adjust the buzzer for a clear
note. Throw the Crystal-Audion switch to the left. set the
antenna and secondary circuits at the same wave length with the
assistance of the dial calibrations, and locate by trial a sensitive
point for contact on the surface of the crystal, which will give a
good buzzer signal. If an antenna calibration has not yet been
made, the operator may tune by means of the buzzer and the
crystal, provided he can find a point on the latter which is at all
sensitive, though it be a poor one.

31-486. Occasionally the operator is called upon to listen for
a particular station sending on a particular wave length. Eveu

K{atlc method.

Callbration of
antenna clreunit.

Adjustment of
crystal detector.,

Stand-by work,
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in such cases there is generally sotie uncertainty as to the exact
wave length, because of slight inaccuracies in the tuning of both
the sending and the receiving apparatus. Therefore, reduce the
selectivity or broaden the tuning by the use of tight coupling.
If the signals are expected to be very faint, sacrifice broadness of
tuning to o certain extent and adjust the coupling to or slightly
above the optimum value, as judged from experience. With
the aid of the dial culibrations, set the antenna and secondary
circuits to the wave length of the sending station, and the back
coupler slightly below or slightly above the point at which oscil-
Jations begin, depending upon whether the expected signals are
damped or undamped.
Pick-up work. 51—487. Ordinarily the operater’s duty is to maintaln a steady
watch for signals on an assigned wave length, recording every-
thing he can read. For picking up powerful signals only,
tight coupling and maximum back coupling will facilitate his
work. A damped signal will come in with a hissing noise and
will be readily recognized. On the other hand, if the operator
is required to listen for the faintest audible signals, as is more
usually the case, he must constantly keep the coupling at optimum
value and the back coupling slightly below or slightly above
the point at which oscillations begin, depending upon whether
damped or undamped signals, respectively, are sought.
mi“';:affh forslg- 31-488. The search for signals consists of continual tuning of
the antenna and secondary circuits, keeping the two circuits in
tune with each other and traversing repeatedly the eniire awave
length range within which the signel is expected to be picked up.

mel;;lt?ﬂ adjust- 31489, (1) When a signal has been found and it is expected
that difficulty will be encountered in copying the message due to
interference from other signals, from static, or because of weak-
ness of signal due to the distance over which the message is being
transmitted, the following procedure for tuning the receiver to
the incoming signal should be invariably adhered to, because the
results obtained by this method are uniform, can be repeated any
time and, in general, give the loudest signal with least inter-
ference from any cause:

(@) Tune antenna circuit roughly to give maximum sig-
nal,

(1) Loosen secondary coupling until signal is barely
heard.

(¢) Retune primary and secondary circuits to give maxi-
mum response at this coupling and do not change pri-
mary setting at any time after this operation.

(d) Close secondary coupling gradually until the signal
reaches maximum intensity.

(e) Having found position of maximum signal reduce sec-
ondary coupling very slightly. This is the point at
which reception should always be carried on.

(f) Vary secondary condenser as required to give best note.

(¢) Should it be necessary to use more inductance in either
the primary or secondary circuits the entire pro-
cedure outlined above must be repeated because the
coupling has been changed.
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(2) If necessary, intensity of signals should be sacrificed in
order to reduce interference and the secondary coupling can
be loosened until the signal desired can be read through the inter-
ference, or if, after having made all adjustments, it is still found
impossible to copy the message and the interference is on a
slightly longer wave length, good results can sometimes be ob-
tained by repeating the procedure just given, but tuning the pri-
mary and secondary to a wave length slightly shorter than that
of the sigmnal to be received.

(3) The reason that it is impossible to get consistent resuits
with closely coupled tuning is evident when it is remembered that
with ¢lose coupling the apparent tune of oune circuit is changed
by every change in the other and that these influences also vary

- for every change in the coupling, to say nothing of the fact that
wich of the circuits has also two free periods; so that there is
an almost infinite number of combinations which will apparently
give the correct tune, but with very small chance that the best
combination will be found.

31-490. (1) Measurements of audibility should be made in a
uniform manner so that consistent and reliable results may be
obtained. The receiver set should be tuned in the manner just
described (steps a to g, inclusive) and the secondary coupling
left in position (step e). The secondary condenser can be varied
as necessary to give best signal and the coupling can also be
changed while taking audibility readings, but wunder no circum-
stances should the primary circuit tuning be changed.

(2) The audibility meter should be connected to the telephone
binding posts of the receiver. For received current measure-
ments, amplification should not be used. Either the oscillating or
nonoscillating vacuum tube detector can be employed, as the
case requires, Amplification can be used whenever strength of
signal is to be measured, in which case the kind of amplification
and number of stages should be reported.

PART 4. —INSTALLATION,

31-491. (1) In choosing a location for the receiver, bear in
mind the operator’s convenience in manipulating the control knobs
and recording messages simultaneously.

(2) Fasten the receiver to the table by means of small brass
angles and wood screws, In case there is no room for the angles,
remove the receiver from the box by unscrewing the ten fasten-
ing serews in the front of the panel, drill holes in the bottom. and
secure the box to the table by means of wood screws. Do not
leave the receiver unfastened on board ship, as the motion of the
ship may cause damage to it.

31492, Use waterproof lead covered duplex cable for battery
leads, and single bare copper or rubber covered wire for antenna,
ground, crystal. and amplifier leads. Use no wire smaller than
No. 14 American wire (B. & S.) gauge.

31-463. To connect in an audio-frequency amplifier, such as the
type SE 1000 amplifier, connect the ‘ telephone” binding posts
of the receiver to the “input” binding posts of the amplifier,
using the tube in the receiver as the detector. To connect in a
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radio-frequency amplifier, such as the type SE 1403 amplifier, con-
nect the lower ‘ sec, cond.” binding post to the filament and the
upper “sec. cond.” binding post to the grid, of the first amplifier
tube. Throw switch from “crystal” to “R. F. Ampl’ position
and turn off current to filament of vacuum tube in receiver.

PART 5.,—CARB.

Cleaning. 31-494. While the appearance of the receiver has no direct
Learing upon the reception of signals, it is an indication of the
care which the operator bestows upon his apparatus and the
quality of his work in general. A few minutes a day devoted to
maintaining the neat appearance of the receiver will be found con-
ducive to careful manipulation and will be profitably spent. Clean
and polish the box, panel, and exposed metal parts with a soft
dry cloth. Clean the buzzer contacts, when necessary, with crocus
cloth or the finest emery cloth obtainable. Remove the receiver
from the box occasionally and go over all parts carefully, wiping
off accumulated dust and cleaning all corroded metal surfaces.

PART 6.—REPAIR,

31-495. Every receiver is thoroughly inspected and tested and
free from all defects before being sent into service. The mecha-
nism and wiring of the receiver are rugged. Should a fault
occur in any part of the receiver it should be remedied on board
ship, but it is not intended that such repair include any change
whatsoever in the wiring arrangement nor an attempt to im-
prove the receiver electrically. Improvements of this description
should only be made with the authority of the Bureau.

nfG:fjﬁel"lﬂl:Bc“gg 31-496. Complete failure to receive signals, or signals not being

reecive, received with proper intensity, are always indications that the
receiving system is out of order, but not that the receiver itself
is to blame. Therefore, it is advisable to inspect the circuit from
the collector (antenna) to the receiver and thence to ground be-
fore looking for trouble in the receiver. The somewhat compli-
cated receiving circuits now being used make such procedure
proper unless it can be ascertained by observation that the trouble
is in the receiver.

PART 7.—FAULT AND RLMEDIES.

Commenfaults. 31497, (1) The faults which may occur may be classified
as follows:
(a) Open circuits.
(b) Short circuits.
(¢) Grounded circuits.
(d) High resistance or loose contacts.
Open eircults.  (2) Open circuits may be caused by the following:
(a) Antenna switch may be open.
(b) Crystal-audion switch may be thrown in wrong direc-
tion.
(¢) Filament of detector tube burned out.
(d) Crystal detector not making contact.
(e) Tilament of any tube being used in the amplifier
burned out.



RADIO PLANTS. 31-123

(f) Telephones plugged to wrong stage of amplifier when
filament is not lighted.

(¢9) External wiring to binding posts broken or binding
post not making contact with the wire.

(1) Open circuit inside the receiver.

(8) The remedies for any of the above faults are obvious and Remedlas,
the faults are evidenced by failure of the receiver to operate in
whole or in part and by the fact that the receiver calibration has
become incorrect.

(4) It is sometimes found that the wave length of the second- . r()yponcossgzgif;
ary circuit does not respond to changes made in the secondary circutt,
condenser.  This is determined by the elick method; when the
antenna circuit tunes to resonance at only one wave length for
each step of the secondary inductance it shows that the second-
ary condenser circuit is open.

(5) If the secondary circuit oscillates it is not open circuited.

If elicks cannot be heard with tight coupling between primary and
secondary circuits when secondary civcuit is oscillating, it indi-
cates that the antenna circuit is open, provided a diligent search
has been made over a sufficent range,

31498, Short circuits and grounded circuits are usually evi-  Short cireaits.

denced by failure to reccive or to operate satistactorily or when wpari?d etr-
the calibration does not indicate correctly. The condensers
should be tested for open circuit, grounding and short circuit.
The inductances should also be checked for continuity of ecircuit
and visual inspection made of the interior of the receiver, The
testing equipment with which to locate these defects can be made
from a 25-watt incandescent lamp connected in series with ship’s
supply voltage. In using this testing set it is essential that all
external connections of the receiver be broken and that the vac-
uum tube be removed. This is particularly useful in locating a
short circuit in variable condensers because a slight spark will
occur at the point of contact when the condenser is rotated.
Consult the wiring diagram of the receiver when it has been
proven that the receiver is at fault before attempting to trace
the wiring, Remember the past performances of the receiver and
Judge the nature of the fault from that viewpoint because the
fault usually found is minor unless the receiver has heen through
an accident.

51-499. These defects may prevent the receiver from funec- High resist-
tioning at all or may cause a decrease in received signal ?"l’ft‘;_”" opeueir-
strength, more or less marked, depending upon the resistance of
contact. High resistance in the secondary circuit will generally
require a tighter back coupling to compensate for it. This
test should be made with the antenna cireuit open; if oscilla-
tions are easily maintained with the usual back coupling the
secondary circuit is in good econdition and the fault probahly
lies in the antenna circuit.

81-500. Another fault that is very frequently found is due to Defective tsle-
one or hoth of the telephone diaphragms sticking to the magnets. phones.

Very frequently this is caused by rust collecting on the diaphragm
or becafise the diaphragm has become bent. If the telephone dia-
phragm is loose it will chatter and the signal will vary in in-
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tensity. Telephone trouble is usually easily detected and the
remedy is obvious. Defective telephones will reduce the overall
efficiency of a receiving set by a surprisingly great amount,

(B) AMPLIFIERS,

PART 1.—GENERAL.

31-525. (1) The amplifier is an instrument used for increasing
the strength of signal, and invariably employs vacuum tubes, the
puinber of tubes depending upon the degree of amplitication
required. An amplifier will render audible some signais which
would be inaudible without its use and will make incoming sig-
nals readable which otherwise would be completely missed. Under
favorable atimospheric conditions and with moderate freedom
from interference from other transmitting stations and induction
from neighboring power and lighting circuits, use of the amplifier
is most advantageous. On the other hand, if receiving conditions
are not favorable, no great gain results from the use of the ampii-
fier: in other words, the ratio of signal to static remains approxi-
mately the same; and when this ratio, without amplification, is
not encugh to permit reception it is still too low with amplifica-
tion ; and resort to especially selective circuits should be made.

(2) From a military viewpoint the amplifier is of extreme im-
portance in that it permits the use of a collector of very small
dimensions. This collector may be a single wire of short length
stretched between any two available peints, or it may be a small
loop. The signal received on such a collector from a given trans-
mitting station will be equal to or even greater in intensity than
that received on the usual type of receiver using only a detector
even with a large and high antenna as the collector.

31-526. There are two general classes of amplifiers, namely:

(1) Audio-frequency.
(2) Radio-audio-frequency.

Every amplifier is a complete unit. The two classes of ampli-
fiers are quite different and their characteristics are outlined in
the following articles:

PART 2.—THE AUDIO-FREQUENCY AMPLIFIER.

31-327. (1) The audio-frequency amplifier is, as its name im-
plies, an instrument for increasing the amplitude of the audio-
frequency pulses and may be considered as a telephone amplifier
(highly sensitive telephone). This type of amplifier can he used
on any wave length for spark, ICW, radio-telephone and hetero-
dyned CW signals. The audio-frequency amplifier is not a de-
tector, but will amplify the current passed on to it from the
detector. The detector may be either the well-known crystal type
or g vacuum tube. (The vacuum tube is now in general use as
a detector.)

(2) The output of the detector (telephone terminals on re-
ceiver) passes through the primary winding of a step-up trans-
former in the amplifier, the secondary terminals of which are con-
nected to the filament and grid of the first tube of the amplifier.
The direct current pulses from the detector, passing through the
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primary winding of the transformer, induce voltage variations in
the secondary winding. These voltage variations are impressed
between the grid and filament of the first tube, and produce corre-
sponding current variations in the plate circuit of the first tube.
These current variations are many times greater than those in
the plate circuit of the detector tube. Tlere is included in the
plate circuit of the first tube the primary of another step-up
transformer.

(3) The amplified variations of current passing through the
primary of the second transformer induce voltages in the second-
ary of the second transformer, which voltage smmilarly is im-
pressed in the grid circuit (filament-grid) of the second tube.
The amplified variations in current in the plate circuit of the
gecond tube pass through a pair of telephone receivers and a
much louder signal is heard than when the telephones are plugged
in either the detector circuit or after one stage (step) of amplifi-
cation. The average two-step audio-frequency amplifier will
amplify the signal passed on to it by the detector about four
hundredfold (amplification per stage equals 20),

(4) The vacuum tube detector is not a part of the amplifier,
but is either included in the receiving set or is a separate unit,
C'onnections are made between the telephone terminals of the
detector and the input terminals of the amplifier.

31-528, (1) The following audio-frequency amplifiers are now"

in use:

i Number : T

oo
Lype. ! of stages.

' Model RA equipment.
. General equipment.
Do.

(2) The three-stage audio-frequency amplifier is, in general, of
little use because it is extremely sensitive to induction and vibra-
tion (only the first two stages are used in practice). The SE
1440 radiocompass receiver includes the detector and a three-stage
audio-frequency amplifier, This and the SE 1599 amplifier are
the only three-stage audio-frequency amplifiers used in the serv-
ice. The following remarks on the SIZ 1600 A anplifier also

nnﬂ\' to the annn_qfna‘u type of o-freqguency amnlifior

to the th stage type of audio-frequency amplifier,

31-529. (1) A schematic diagram of the two-step audio-fre-
quency amplifier is shown in figure 31-25. The complete ampli-
fier is a unit by itself in the receiving system and is equipped
with three sets of terminals, two terminals to a set. The input
terminals connect the amplifier to the receiver, while the filament
“battery and plate hattery terminals are used for connecting the
filament and plate circuit batteries to the apparatus. The fila-
ment current for each tube can bhe adjusted to the proper value
by means of a rheostat. The grid voltage is adjusted to the
proper value by means of a grid bias resistance of one ohm.
Either the SE 1444 or CW 933 vacuum tube can be used for either
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or hoth stages. Frequently the SE 1444 tube is used for the first
stage and the CW 933 for the second stage, with very good results,

(2) Three telephone jacks are supplied, namely,

(a) Detector.
(b) First step.
(¢) Second step.

When the telephones are plugged to the detector jack, the ampli-
fier is cut out of circuit and the telephones are in the detector
circuit of the receiver. When the telephones are plugged to the
“step one” jack, the detector and the first stage of the amplifier
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INPUT PLATE BAT. FIL.BAT.
NOTE -

DETECTOR JACK OPERATES TWO CIRCUITS AS SHOWN
STEP 1 JACK 15 SHORT - CIRCUITING
STEFP 2JACK 1S OPEN - CIRCUITING

Fic. 31-23.—Schematic diagram of two-step audio-frequency amplifier,

can be used, while the second step remains open. When the tele-
phones are plugged to the “step two” jack, the first step jack
short-circuits itself and the detector and the entire amplifier are
in circuit.

31-530. (1) The audio-frequency amplifier is very easy to
operate. The filaments of the tubes should be burned at normal
brilliancy. The degree of amplification can be decreased by re-
ducing the brilliancy of the filament of either or both tubes, and
can be increased somewhat by burning the filament above normal
brilliancy, but the gain in amplification is so slight and the life
of the tube so rapidly reduced that this should never be done.
The current for the filaments may be supplied by either the LEdison
“ A" pattery or by any six-volt lead-acid battery. The voltage
for the plate circuits should be about forty volts, and for this
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purpose two SE 3535\ batteries in series, or one Edison “B”
battery is required. If the plate voltage is increased to approxi-
mately sixty volts, the degree of amplification is increased, but the
amplifier is more likely to “howl.”

(2) The filaments of both tubes must be lighted whenever two
stages of amplification are used, but when only the first step is
employed it is not necessary to keep the second tube lighted.

When the telephones are plugged in the detector jack, the amplifier
is then entirely cut out of circuit, and the filaments of the ampli-
fier tubes should not be left lighted except for stand-by purposes.

31-531. (1) VYery little trouble is experienced with audio- Faults and
frequency amplifiers, but failure to obtain the proper degree of"med‘es'
amplification may be due to poor tubes or too low plate voltage.

Tubes should be selected for amplifier work, remembering that
a noisy tube in the first stage will cause an extremely noisy
amplifier when the second stage is also used.

(2) Howling is generally caused by an open circuit in the input Howling.
of the first stage. The open circuit may be a broken connection
from the receiver to the input terminals or a break in the pri-
mary winding of the input transformer.

(3) Failure to obtain proper amount of amplification may be Poor amplig.
due to defective tubes or run down plate or filament battery. cation.
The type SE 1444 vacuum tube is erratic in its behavior and new
tubes should be tried in the amplifier until a satisfactory set has
been selected.

(4) Failure of the amplifier to operate can be due to several
causes, among which are;

(a) Defective tubes.

(b) Exhausted batteries.

(¢} Open circuit in any stage.

(d) Short circuit in any stage,

(e) Telephones plugged to a stage the filament of the
vacuum tube of which is not lighted.

The remedies are obvious.

(5) A defective transformer (open-circuit) can be detected hy  Defoctlve
means of a Wheatstone bridge. The defective transformer should ransformers.
be replaced. '

Fallure to am-
plify.

PART 3.—THB RADIO-ATUDIO-FREQUENCY AMPLIFIER,

81-532. The radio-audio-frequency amplifier permits a very General
miich higher degree of amplification to be obtained than is possible
with the audio-frequency amplifier alone, Its development has
made possible the use of extremely small collectors such as the
short single wire antenna and the radio compass coil without any
sacrifice being made in the intensity of the received signal. The
maximum amplification that can be obtained with the radio-
audio-frequency amplifier is, in reality, so great that it is not
suitable for use on an antenna of the ordinary size. This is
caused mainly by the fact that the large antenna collects so
much static that the action of the amplifier is paralyzed. In the
practical application of this type of amplifier, the apparatus is
so designed and constructed that the usual antenna can be satis-
factorily used as the collector.

83156°—=22 9
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31-533. (1) The addition of radio-frequency stages to the audio-
frequency amplifier is very advantageous. Such an amplifier is
less noisy because noises due to the tubes and induction from
neigT]Ei‘ing circuits are not amplified by the radio-frequency
stages in the same proportion as the signal. In heterodyne recep-
tion of continuous wave signals a decided advantage is gained
on all wave lengths. There is always a large amplification ob-
tained on all wave lengths in the reception of spark signals with
straight detection; in fact the more radio-frequency stages used
for spark reception the better will be the results.

(2) The detector follows the square law, consequently the
greater the emf applied to the defector the more efficient it
becomes. For this reason it is advisable to amplify before detec-
tion. An amplification of 10 times before detection will give 100
times the response in the telephones. For the same reason a
radio-frequency amplification of only 5 times is equal to an audio-
frequency amplification of 25 times.

(3) The square law action of the detector is shown more
clearly by the following:

(4) Suppose a transmitting station is transmitting with 10
amperes in the antenna and that the signal received (detector
only) at a given receiving station has an audibility of 10. Now
if the current in the transmitting antenna is reduced to one-tenth
of its former value—1 ampere—the audibility of the received sig-
nal will be reduced to one one-hundredth of its former value—
one-tenth of unit audibility. If two stages of audio-frequency
amplification are added to the detector and if each stage ampli-
fies 20 times (total amplification—20X20=400) then the result-
ing audibility would be 40 and the signal would be heard. On
the other hand if two stages of radio-frequency amplification pre-
ceded the detector and each stage amplified five times the total
amplification would be 25 and the audibility of the received sig-
nal would be 625 after detection, and 10,000+ if two stages
of audio-frequency amplification are used in addition.

(5) The square law of response results in strong signals being
very strong and weak signals very weak. In the case of atmos-
pheric disturbances with their strong momentary peaks of inten-
sity, this frequently results in the drowning out of the somewhat
weaker signal. On the other hand, when either the autodyne or
heterodyne method of reception is employed the current in the
telephones is proportional to the current in the antenna. Hence,
the response is greater for very weak signals than for loud. Thus,
a decided and more favorable ratio of signal to static strength is
cbhtained by the use of the latter method of reception, which, when
employed with CW transmission, will result in readable signals
with only one-half to one-fourth the current in the transmitting
antenna necessary for the same signal intensity with ICW trans-
mission and straight detection.

31-534. (1) The radio-frequency amplifier amplifies the voltage
variations impressed into the grid circuit from the secondary cir-
cuit of the receiver. The voltage across the secondary circuit con-
denser is applied between the grid and filament of the first tube.
This alternating voltage varies at a radio frequency. These volt-
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age variations produce corresponding current variations in the
plate circuit of the first tube. Most of the voltage amplification
takes place in the tube and some in the transformer used be-
tween the successive stages. The primary winding of a 1 to 3
ratio transformer is included in the plate circuit of the first
tube. The variations in the current passing through the primary
winding of the transformer induce a varying voltage in the sec-
ondary winding. These variations in voltage are impressed in
the grid circuit of the second tube, causing amplified current
variations in the plate circuit of this tube.

(2) The same process is repeated for each stage of radio-fre-
quency awmplification. The amplified current variations in the
plate circuit of the last tube are impressed on the grid circuit
of the detector tube. From this point on the action is the same
as described in B (1) and C of this section.

3 STAGE 2STAGE
< RADIO-FREQUENCY AMF’L\FIER-—«-DETECTOR%—AUDIO -F REQUENCY—>
Femm——— - e e AMPLIFIER

F
3
c
3

w3
F

L’BALLAST LAMP

eVv. 60V.

Fi16. 31-26.—Type SE 1617A radic-audio-frequency amplifier. ,

31-535. There are at present five types of radio-audio-frequency
amplifiers. They are: Types of radlo-
audio - frequency
amplifiers,

TypeNo. Wave‘lengthrango.‘ TUse.

Air(‘raﬂ

\ ShlpDand shorestation.

Alrcral t.

ciple and employ the t)pe SE 1444 vacuum tube. The later
models have no filament control, but use the type SE 1719 ballast
lamp to maintain the filament temperature constant. A descrip-
tion of the type SE 1617A amplifier follows:
31-536. (1) The type SE 1617A radio-audio-frequency ampli-
fier, which includes 3 radio-frequency stages, 1 detector, and 2 Description of
audio-frequency stages of amplification, is contained in a spe- SE 1617A ampli-
cially shielded box. Figure 31-26 is a simplified drawing of "™
this amplifier,
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(2) The shielding is made of sheet copper and divides the box
into 6 double compartments. The lower compartment contains
the transformer for one stage. The upper compartment contains
the tube socket, vacuum tube, ballast lamp socket, and ballast
lamp. The vacuum tube is mounted on a flexible support. DBy
this construction each stage of the amplifier is thoroughly
shielded from the others.

(3) The front panel has only three knobs for the control of
the amplifier action. These are: The two knobs for the stabilizer
which are mounted concentrically and the filament circuit switch.
In addition, there are four sets of terminals for making the
necessary receiver, battery, and telephone connections, and a tele-
phone cord shield clamp.

(4) The shield of the amplifier is connected to the -~ filament
battery terminal and therefore has a potential of approximately
6 volts.

(5) The radio-frequency transformers, type SIZ 1715, have a
1 to 3 ratio.

(6) The telephone cords are of the shielded type and are used
to prevent the capacity of the operator’s body from disturbing
the action of the amplifier.

(7) The stabilizer consists of a fixed resistance. connected
bhetween the + filament battery and the input terminal marked
“Til,” and two sliding contacts for varying the grid voltage of
the second and third tubes. This places the fixed resistance
across the terminals of the filament, Two slidling contacts make
the connection to the stabilizer resistance as follows—one to the
secondary winding of the first radio-frequency transformer and
the other to the secondary winding of the second radio-frequency
transformer. The purpose of the stabilizer is to prevent local
oscillations in the amplifier and incidentally to control the degree
of amplification.

31-537. (1) The type SE 1617A radio-audio-frequency amplifier
should be connected directly across the terminals of the secondary
circuit condenser of the receiver. No other apparatus is required
except a radio-frequency driver when continuous wave signals are
to be received. 1In this case the radio-frequency driver is placed
between the receiver and the amplifier as shown in the front
panel view of the Model RB receiving equipment, figure 31-43.

(2) The type SE 14}4 vacuum tihe only can be used in this
amplifier, One type SE 1719 ballast lamp is required for each
tube. No control of the filament temperature is possible. The
degree of amplification can be varied within fairly wide limits
by the proper use of the stabhilizer, maximum signal being re-
ceived with the stabilizer knobs turned to the right as far as is
possible without setting up local oscillations. A freshly charged
battery having a high ampere-hour capacity should bhe used for
the filament circuit supply. If, as is generally the case, a radio-
frequency driver is used with the amplifier the same filament and
plate batteries can be used for both.

(3) This amplifier should not oscillate and spark signals should
therefore be received with their distinctive note unless the radio-
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frequency driver is being used, in which case the note will be
roughened the same as in autodyne reception.

(4) The following steps should be followed in the operation of
the amplifier:

(n) Make all connections to the external ecircuits as indicated
by the terminals (connecting links are usually supplied for this
purpose except for the battery connections).

(h) The filament supply should be from a 6-volt storage bat-
tery having a capacity of at least 80 ampere-hours.

(¢) Use 3-SE 3533A dry batteries in series or one CU 887 or
CU 1707 storage battery for the plate supply (60 volts).

(d) Turn filament knob from the “Off” to “On” position.

The filaments of all the tubes should light.

(e) When receiving CW signals the radio-frequency driver
should be set at approximately the wave length to be received. A
signal should then be heard in the telephone.

(f) Adjust the stabilizer by both knobs to give best signal.

31-538. (1) A certain amount of noise will be heard in the tele- Faults and
phones when the amplifier is used and, if the noise is not enougl remedies.
to mask the signal, receiving can be done. On the other hand a
neisy amplifier may be quieted by a careful selection of tubes
and a preper adjustment of the stabilizer. Tube noises are most
noticeahle in the first audio-frequency stage. A noisy tube in the
first audio-frequency stage will cause a very noisy amplifier be-
cause the noises will be amplified by the second audio-frequency
stage.

(2) Failure to receive signals may be due to exhausted bat- Fallure to re-
terics, improper setting of the stabilizer, a burned-out filament celre signals.
or an open circuit in any part of the amplifier. The ballast lamps
very rarely burn out. It should be remembered that the detector
is in the amplifier and that it will be necessary to tune the receiver
circuits in the usual manner. The use of the radio-frequency
driver adds a slight complication in that, when searching for
signals, three circuits require adjustment. For this reason it is
very necessary that the radio-frequency driver be set to approxi-
mately the same wave length as that of the receiver, as otherwise
no signal will be heard. This may cause an apparent failure of
the amplifier.

(3) Do not use any more amplification than is required, espe- Degree of am-
ciully when there is considerable static. The telephones may be'l',}:,ﬁvc_‘m" to em-
worn forward of the ears for loud signals. This deadens the
effect of the static and at the same time allows the signal to he
read,

(C) Vactrar Trse DETECTORS.
PART 1.—GENERAL,

31-550. The vacuum tube detector unit is designed to function Purpese.
as a detecting system for standard Navy radio receivers. The
unit contains the following controls:
(1) Filament rheostat.
(2) Filament ammeter.
(3) Grid condenser.
(4) Grid leak.
(5) Bridging condenser,
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and filter system with voltage divider for use when the plate volt-
age supply is obtained from the ship’s circuit. Also two change-
over switches are supplied, one for changing the plate voltage sup-
ply from storage battery to the ship’s circuit and the other for
shorting out and cutting in the back coupler. Binding posts are
provided for making the necessary connections from the vacuum-
tube control box to the receiver, filament and plate storage bat-
teries, ship’s mains and telephones.

Tse. 31-551. The vacuum-tube control box is to be used whenever a
vacuuln tube detector is required and when the receiving set is
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not already equipped with a vacuum tube detector, and also when
a radio-audio-frequency awmplifier is not in use. Only one type
of vacuum tube control box is now supplied to tlie service. This
unit is type SKE 1071, The diagram (fiz. 31-27) shows the wiring
of this apparatus.

PART 2.~—~—DESCRIETION.

sw';)if;%:“m tube  31-552, The vacuum tube is supported from the panel on a
; shock-proof stand. Bither the type SE 1444 or the type CW 933
vacuum tube can be used.
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-31-553. The filament ammeter is a small flush-type instrument. Filament am.
The zero mark is displaced from the extreme left-hand position meter.
for the purpose of giving a positive indication whether or not the
filament battery is connected to the unit with the right polarity.

31~554. The filament rheostat is constructed in such a way that Filament rheo-
the filament ecircuit is opened in the “off” position, and in the
same position opens the plate battery circuit.

31-555. Grid and bridging condensers are of the mica dielec- nf'{lg:‘;{f‘n‘;:g;&
tric type and are variable in steps. The grid condenser is short.
cireuited on step 5.

31-556. The grid leak has a resistance of 600.000 ohms and is  Grid Ieak,
constant and also protected from moisture.

31-557. The voltage divider consists of a graphite sector ha\'iug‘,ld‘;r‘f“ 15¢ di-
a resistance of about 80,000 ohms connected across the 125-volt
line, A sliding contact button connected to the plate of the
vacuum tube permits the voltage impressed Detween plate and
filament to be varied as needed only when ship’s power is being
used,

31-558. The filter system consists of a high impedance choke Filter system.
coil in each side of the line supply and a 1 uf. condenser con-
nected across the line and another connected between the positive
terminal of the plate battery and the sliding contact of the volt-
age divider.

81-559. The plate voltage switch changes the plate voltage sup-  Plate voltage
ply from storage battery to ship’s mains. When the plate voltage switeh.
switch is thrown to “ storage battery * the voltage divider is dis-
connected from the plate circuit to prevent the storage battery
from discharging continuously through the veltage divider.

PART 3.—OPERATION.

31-560. The vacuum tube detector control box permits straight General
detection (nonoscillating condition), regeneration, and oscilla-
tion. The following steps give the operation of this unit:

(1) Light filament of vacuum tube by turning the filament rheo-
stat from the “off ” position. Use 0.65 ampere for the type ST
1444 and 1.1 amperes for the type CW 933 tube. The plate voltage
should be approximately 40 volts for either tube.

(2) Set the “detect-oscillate ” switch on © Detect” for the non-  Nonosclllating
oscillating condition (when receiving spark signals with their condition.
distinctive notes).

(3) Set the grid and bridging condenser switches on step 3.

Thwow piate veitage switch to the proper position—to *“ 125
V. Gen..” if it is desired to use the ship’s supply. or to * Storage
Buat.” When the plate voltage switch is thrown to the “125 V.
Gen.” side the voltage impressed between the plate and filament
can be varied, but when the switch is in the * Storage bat.”
position the potentiometer is out of circuit and no voltage vari-
ation caw be obtuined.

(5) Ture receiver to incoming signal. Vary grid and bridging
condensers and plate voltage (when using the 125-volt supply)
until signal of maximum intensity is obtained.

31-561. For regenerative reception proceed in the foilowing Regeneration.
manner ;

(4)
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Qet the * detect-oscillate ” switeh on ** oscillate,” and increase
the back coupling in the receiver to the point just before oscilla-
tions begin (the distinctive note of a spark transmitter is rough-
ened when the vacuum tube is oscillating while with regenera-
tion the intensity of the signal is increased without any change in
the spark note).

cevﬂ:“l’.‘““e re- 91562, Continuous wave reccption requires that the secondary
circuit oscillate. Oscillations can be obtained in the following
manner :

Set “ detect-oscillate” switch on “oscillate,” and vary back
coupling until oscillations are present (the presence of oscilla-
tions may be detected by tapping the RA terminal with the finger;
a click should be heard when this terminal is touched. Also
when the tube is oscillating a whistling sound will be heard when
the secondary circuit passes through resonance with the auntenna
circuit.

M&lﬂ;ﬁﬁgt of 81-563. The back coupling in the receiver should be set in the
*  minimum coupling position when the * detector-oscillate ” awitch
is in the * detect " position because the back coupler is then shorted
and, unless loosely coupled, will cause an increase in the resistance
of the secondary circuit, thereby reducing the intensity of the
received signals.

Audio-frequen- 31-564. Audio-frequency amplification can be used in connection
ey amplifieation. with the type SE 1071 unit. For this purpose connect the input
of the amplifier to telephone terminais of the type SE 1071 unit.
Do not attempt to use ship’s voltage for the plate supply when
the audio-frequency amplifier is being used. This is because the
filter system is not perfect and the commutator ripples are ampll-

fied to such an extent that the signal will be masked.

PART 4.——FATULTS AND REMEDIES.

Failure to os- 31-565. Failure to obtain oscillations may be due to:
clllate. (1) Reversed back coupling,
(2) Insuflicient plate voltage,
(3) Insufiicient filament current,
(4) Improperly adjusted grid and bridging condensers,
(5) Defective vacuum tube.
ruﬂ{‘“‘"‘ cur-  31.566. The filament current should be kept at the normal
value for the tube in use. When it is necessary to cut out all
resistance in the filament rheostat the rheostat should be thrown
to the “ off " position and a new battery placed in service.

'\ (D) RADIO-FREQUENCY DRIVERS.
<A

PART 1.——GENERAL.

Purpose. 31-575. The radio-frequency driver ot heterodyne is a low-power
generator of continuous waves (sustained oscillations). Its pur-
pose is to supply local oscillations for modulating incoming con-
tinuous wave signals and thereby rendering them audible by
means of the well-known “beat principle.” This instrument is
necessary when recciving continuous wave signals except when
the detector iz used in the woscillating condition (autodyne re-
ception),
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31-576. The radio-frequency drivers were developed primarily TUse.
for use with {he radio-audio-frequency amplifiers in which the
detecter tube is used In a nonoscillating condition, but ean he
used with any vacuum tube receiving equipment in place of
autodyne reception.

31-577. The advantages of using the radio-frequency driver in- Advantages.
stgad of a vacuum-tube defector in the oscillating condition are:

(1) Gives more freedom from interference because detuning
it secondary circuit is not necessary.

(2) Permits a very flexible adjustment of the strength of the
local oscillations,

;l (3) Makes possible the practical use of radio-frequency amplifi-
'\‘ cation for continuous wave reception,

\.“ (4) Reduces the transmitter effect of an oscillating receiver,
, thereby permitting simultaneous reception by several receiving
equipments in close proximity.

31-578. Its main disadvantages are: Disadvantages,

(1) Requires the tuning of an additienal circuit, therchy com-
plicating pick-up work.

(2) Makes determination of resonance between primary and

.secondary circuits somewhat more difficult.

AT —

s

PART 2.—THEORY.

31-579. The incoming continuous waves occur at a radio- I;nglr'ler”&{
frequency rate and are, therefore, inaudible even after detection, tien. o
hecause the average plate current is changed only at the begin-
ning and end of the dots and dashes. If, however, local radic-
frequency oscillations differing by a small amount from the fre-
quency of those being received are impressed on the detector circuit
the two sets of radio-frequency oscillations will, on account of
their difference in frequency, swing periodically in and out of
phase. The amplitude of the resulting frequency at any given
instant will be the sum (algebraic) of the amplitudes of the two
radio frequencies. As a consequence, a slow audio-frequency
ascillation will result which can be heard in the telephones, The
resultant audio-frequency can be adjusted at will from a few
beats to many thousands per second, the normal beat frequency
cmployed being in -the neighborhood of LO_(EL_:

31-580. The note will be clear and steady as Iong as the fre-  capees of vary-
quency of both the incoming signal and the radio-frequency driver o8 beat nofe.
remain constuant. Warbling and bubbling in the signal note is due
erdinarily to a rapid change in the frequency of the transmitter
(frequently the case with the arc on very short wave lengths, and
with the vacuum tube transmitter due to swinging of the antenna
or changing capacity effects). A slow and gradual change in the
received note is obtained when receiving signals transmitted by
a high-frequency alternator having poor speed control and also
when the filament or plate battery of the radio-frequency driver
is running down,
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Types. 31-581. Three radio-frequency drivers are now in service use.
They are as follows:

TypeNo. ‘Warve lengthrange.
1S3 00 (11 R ' 1,500 to 8,000.
SE 1603. .. ..} 6,000 to 30,0C0.
10 D L e & S L EE R 16,000 to 18,000.

These radio-frequency drivers operate on the same principle
and are similar in construction with the exceptlon that the first
two do not have a grid condenser and grid leak. The following de-
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F1G., 31-28.—R. F. Driver, type SE 16978,

scription of the type SE 16978 radio-frequency driver applies to
the other two drivers:

PART 3.~—DESCRIPTION.

The type SE 31-582. The driver is of the tuned grid type with inductive
“,‘;’Z.Zc“, radio-fre (magnetie) back coupling and its circuit is practicaliy the same as
the secondary of the SE 1420 receiver. Figure 31-28 shows a
wiring diagram of the driver.
Capaclty. 31-583. The condenxer is of the continuously variable type
with a maximum capacity of 0.0025 uf.
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31-584. (1) The inductance in the grid circuit is fixed and Inductance.
wound with extremely fine wire.
(2) The plate coil is also fixed, both as to number of turns
and coupling with the grid coil.
31-585. The coupling coil consists of six turns of wire and Coupling coll.
its position can be varied with respect to the grid coil, thereby
varying the strength of the local oscillations impressed on the
detector of the amplifier. The adjustment of the coupling can
be varied by turning a knob on the front panel of the driver.
The coupling coil is in series with the lead from one terminal of
the secondary circuit condenser to the filament of the first radio-
frequency amplifier tube (negative terminal),
31-586. The vacuum tube used in this driver is the type SE 1444 Vacuam tube,
requiring 6 volts for the filament circuit and 22 or 44 volts for
the plate supply. Only the type SE 14}4 vacuum tube should be
used in the radio-frequency driver.
31-587. The ballast lamp, type SI8 1719, limits the current Ballast lamp.
through the filament of the vacuum tube, not allowing the current
to rise above 0.65 ampere.
The grid condenser has a capacity of 0.003 uf.

31-588. This resistance has a value of 0.1 megohm, Grid leak,
31-589. The wave-length range is 6,000 to 18,000 meters. rm‘:’(\a ¥ e-length

PART 4.—OPERATION,

31-590. The connections to the radio-frequency driver should Couneetions,
agree with the markings on the terminals of the driver.,

31-591. Fully charged batteries should be used for both the Filament and
filament and plate circuit supply. RBither the lead-acid or EdisonP!™¢ supply.
type of battery can be used for lighting the filament. The current
supply for the plate circuit can be obtained from the type CU 887
or CU 1707 (Edison “B” battery), or the type SE 3535A dry bat-
tery. The plate voltage should be 22 to 44 volts.

31-592. Set the driver to the wave length to be received, allow- Tunlag,
ance being made for enough difference in wave length to produce
beats of an audible frequency with the incoming signal. For
example, when receiving on a wave length of 6,000 meters adjust
the wave length of the driver to a value slightly higher or lower
than 6,000 meters. Then adjust the coupling to give maximum
received signal.

N,
PART 5.—FAULTS AND REMEDIES. j

31-593. The strength of oscillations in the driver can not be Haintenancs of
regulated because the coupling between the grid and plateos““““om'
circuits is fixed. On this account it will be necessary to keep the
plate voltage up to the specified value. 'The filament current can
not be controlled, but as long as the filament battery is well
charged the ballast Tamp will maintain the filament at a constant
temperature which is sufficient for oscillation purposes. However,
when the voltage of the filament battery falls below the value
required to maintain the filament current at approximately 0.65
ampere, the ballast lamp no longer functions and the oscillations
will decrease in strength as the voltage of the battery continues
to drop and will finally stop. This condition is evidenced by a de-
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crease in the signal response necessitating an increase in the
coupling of the coupling coil to the grid coil of the driver. The
remedy is to replace the run down battery.
Strength of os- 315904, If it is not possibie to vary the strength of the loecal
cillations. oscillations inipressed on the detector of the amplificr by means
of the coupling coil adjustment, other tubes should be tried in the
driver because, unless the strength of the local oscillations can be
varied, the incoming signals will not be received at maximum
intensity.

(E) Specian EQUIPMENT FOR INCREASING SELECTIVITY.
t1) Tle ecceptor-rejector circuit,

* PART 1.—GENERAL.

Purpose. 31-025. The acceptor-rejector circuit is used to increase the
selectivity of the radio receiving equipment by means of radio-
frequency tuning. The rejector part of the equipment is a sepa-
yate unit and is used as an addition to the standard Navy receiv-
ing equipment, the rejection of the interfering signals being
effected in the antenna circuit., The acceptor part of the circuit
includes the primary circuit of tlie receiver.

Selection of 81-G2G. The selection obtained by the use of the acceptor-

elgnals. rejector circuit is very pronounced, When the adjustments of the
acceptor and rejecter have been properly made, it will be noted
that there is practically no decrease in the signal strength from
that which would be received were the rejector not in circuit, In
addition, it has been proved that the selection is not confined only
to radio signals, but also includes static. By this is meant that
static on wave lengths other than that of the signal desired is
greatly reduced. The result of the selection just mentioned is
that the readability of the signal is increased in proportion as the
interference and the static are reduced, thereby making a fairly
weak signal actually more readable than would be the case were
the rejector not in circuit.

PART 2.—THEOCRY.

General, 31-627. (1) The action of the ‘“acceptor and rejector” circuits
is not hard to understand, nor is the apparatus complicated.
Care in making adjustments is required and this, coupled with a
orasp of the fundamentals given below and practice, are all that
are required.

(2) The ideal receiver would be one which would “ accept ” and
make use of all of the desired signal while at the same time
“rejecting ” or shunting to ground any and all other interfering
signals. Needless to say, like all other ideals, this one has not
vet been achieved, but a considerable portion of interference can
be eliminated.

(8) To understand the action of the acceptor-rejector circuits
it is necesszary to review the characteristies of “series” and
“parallel ” oscillatory circuits.
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31-628. Figure 31-29 shows a simple “series” circuit consist-
ing of an inductance and a capacity in series, This is the same
circuit that it is encountered in the antenna and secondary circuits
of radio receivers. Such a circuit has the lowest impedance when
it is tuned exactly to the wave length of the incoming signal or

A

INDUCTANCE,

CTAPACITY.
B

F16. 31-29.—Simple series circuit.

oscillations. Since the impedance is lowest at this point, it fol-
lows that the oscillations in the circuit can rise to the highest
value and thus give the greatest signal response. Detuning the
circuit either way from this resonant point increases the imped-
ance to the incoming wave and therefore causes a corresponding
decrease in signal strength., This familiar condition is shown
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F1G. 31-30.—Wave-length impedance curve for serie¢ circuit.

graphically in figure 31-30 where the two curves show the changes
in impedance of the circuit, figure 31-29, for two different incom-
ing waves, one curve for 600 meters, the other for 932 meters.
Therefore, ¢ series circuit composed of capacity and inductance
hag lowest impedance wwhen tuned exactly to the incoming sig-
ials,  This hmpedance vises rapidly wheu the incoming signais
are out of tune on either side of resonance,
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CHAPTER 31,

31-629. (1) Figure 31-31 shows a circuit in which the in-
ductance and capacity are in parallel with each other with re-
spect to the points A-B, which are the points at which this parallel
circuit is attached to the source of oscillations, such as any
radio-frequency driver or an antenna and ground system. It
should be clearly understood that the secondary circuit of a radio
receiver is not a parallel circuit, because the oscillatory emf is ap-
plied to the circuit by induction within the inductance und the
current thus set up flows around through this inductance and
capacity in series. The action is exactly the same as it the
circuit were opened between points C and D and the oscillatory
emf applied. It will be seen that this last-named condition
would duplicate the conditions of the series circuit in figure 31-20.
This explanation is made in order that the conclusions drawn be-
low regarding the parallel circuit may not be confused with the
secondary of a receiver,

INDUC TANCE LY CAPACITY

B

r16. 31-31.—Parallel cireuit.

(2) In a true parallel circuit, the action as regards impedance
offered to passage of an oscillating current between points A
and B (fig. 31-31) is just the opposite of that in a series circuit.
When the inductance and capacity are adjusted to exactly the
same wave length as that of the incoming signal or oscillations a
very high impedance is offered to the passage of these particular
incoming oscillations between points A and B. This impedance
falls off very rapidly for incoming signals of wave lengths only
slightly higher or lower than that to which the parallel circuit
is adjusted. In other words, if two sets of oscillations, say of 600
meters and 952 meters, were simultaneously applied at points
A and B and the parallel circuit tuned exactly to 600 meters.
the 600-meter oscillations will have extreme difficulty in passing
through, due to the high impedance, whereas the 952-meter oscil-
lations will have very little impedance to overcome and therefore
pass through readily. This is shown graphically in figure 31-32.
Therefore, a parallel circuit has highest impedance when tuned
exactly to the incoming signals. This impedance falls off rapidly
when the incoming signals are out of tune on either side of
resonance.

31-630. (1) It is possible to combine two circuits of such op-
posite impedance characteristics in a receiver in such a manner
that all of the incoming signal desired will be passed through
the receiver and used, whereas any other interfering signal of
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different wave length will be by-passed to ground and not heard

in the telephones. This combination is shown in figures 31-33 and
31-34. These figures are identical except for the location of points

A and B. In practice these points are placed directly on the
capacity of the parallel circuit, as shown in figure 31-33, for
reasons which will be explained later. This is a very important
point. In studying this figure it will be seen that, with two in-
coming signals, 600 meters and 952 meters, the former being the
one desired and the latter causing interference, it is possible to
separate these two. The 952-meter signal will pass directly to Parallel rejee-
ground because the parallel circuit offers low impedance to this T
wave length, whereas the series circuit offers high impedance.
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F1¢. 31-32.—Wave-length impedance curve for parallel circuit.

(2) The 600-meter signals can not pass directly to ground Serleu accep:
through the parallel circuit because of its high impedance to this
wave length, but takes the path of low impedance, which is the
series circuit, and also the primary of the receiver. By cou-
pling to the secondary of the receiver these incoming 600-meter
signals can be detected.

31-631. (1) The theoretical or ideal conditions have been as—d Ct!msel of re-
sumed in the foregoing discussion. In practice it is found that sturce,',(,;?hn signal
if the voltage between points A and B of fignre 31-38 is very high,
then a considerable portion of the 600-meter energy will pass
directly to ground through the rejector, with a consequent re-
duction in received signal strength. To relieve the strain on the
rejector and stop this leakage to ground it is necessary to devise
some means of keeping the difference of potentianl of the 600-
meter oscillations between points A and B, figure 31-83, very low,
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This can be done. A mechanical and electrical explanation of
this action follows:

(2) Figure 31-35 shows a rope attached at one end to a wall
or some otlier immovable object. By taking hold of the outer end
of this rope it is possible to whip it back and forth and set it into
oscillation as shown. When this is done, it will be found that
there is at least one point (two are shown in the figure) where
the rope has no motion, while the rope on either side of this point

Mochanical
analogy.
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Figs, 31-33 and 31-84.—Actual and diagrammatic acceptor-rejector
circuits.
(or points) moves rapidly back and forth. These quiet points
in the rope are called modal points, or points of no movement.
If, while this rope is in motion, some one grasps it between
his thumb and first finger, exactly at this nodel point, no change
in movement of the rope will result. The rope being stationary at
this point, there will be no energy lost in trying to make his arm
follow the movement of the rope. If he should grasp the rope at
any other point where it is moving to and fro, energy will be
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taken from the rope in trying to make his hand follow the move-
ments of the rope.
(3) In exactly the same manner, if a circuit is electrically twouogl?rt;lﬁ-.c‘m?c'
or more times as long as the incoming oscillations there will
be one or more nodal points as shown graphically in figure
31-36. At the top of this figure is an arbitrary scale of voltages

representing the voltage to ground. This scale has no real sig-
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I'ies, 31-35 and 31-36.—Mechanical analogy of nodal points of potential
in rejector circuit.
nificance and is only relative. According to this scale, the point
O could be connected directly to ground without changing the
shape of the upper part of the 600-meter curve. If, however,
some form of voltage-measuring instrument were connected be-
tween the circuit at a point corresponding to point Z, figure 31-36,
and ground it would be found that there was a difference of
potential of 50 volts between this point and ground. Similarly,
with two oscillatory emfs flowing in the circuit, say 600 meters

83156°—22 190
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and 952 meters, as shown, O, there would be zero volts potential
to ground from point O for 600-meter oscillations and about 85 volts
potential to ground for the 952—meter oscillations. At some point,
X, along the circuit we would find a value of potential to ground
for the 600-meter oscillations but zero potential to ground for the
952-meter oscillations. In other words, point X is a nodal point
for 952 meters but not for 600 meters.

r4
0
I
[
1
v
]
v 0
u ;
) -
0 [
2 g
m
[
0
5%
R \
38 '
g0 4 4
- iz
4 9 /’ w ooe” iot
& { Eré b
& 3“3*5”;‘55;\\ \ 2 u;ﬁ ?
Y] o\ L4 T o
o Se }Q)I \
¥ — 4,[ 6
— e = l et
W] M/ 3 I “ b
U] J £ X
4 R 5
0] W
3 4
8 i
2 _

Fi1cs, 31-37 and 31-38.—Single and double reception acceptor-rejector
circuits.

31-632. It would seem feasible, if these nodal points can be

modal polnt of obtained in a circuit, to utilize this method for getting the low

potential,

potential across the rejector, which low potential was pre-
viously stated to be necessary to reduce the leakage of useful
signal energy through the rejector to ground. This is exactly
what is done, as shown in figcure 31-37. The inductance 1. is
adjusted so that with the resulting inductance and the capacity
of the antenna this portion of the circuit is exactly in resonance
with the incoming sigrnals (600 meters in this case) with a nodal
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point eractly at the terminal of the rejector at A. From a study
of figures 31-35 and 31-30, it will be seen that this is just what
is wanted. There will he practically zero volts drop in potential
straight across between points A and B vet the incoming signals
will set up oscillations in the series circuit (acceptor, primary of
receiver) which is connected around these points and will, there-
fore, be heard in the telephones when the secondary of the receiver
is properly adjusted and coupled to this acceptor. The red-
handled switch, shown in figure 31-37, is used to connect or
disconnect the rejector circuit from ground without disconnecting
the receiver.

31-633. (1) Figure 31-38 shows the skeleton circuits used, Mouble recep-

when doubdle reception on the same antenna is desired. This
double reception feature is merely a further use of these same
principles.

(2) In attempting to receive two different wave lengths on the
same antenna, it will readily be seen that it would be necessary
to connect the second receiver to the circuit at a nodal point of
the first or primary wave length. In figure 81-37, this is point A,
This is not practical, though, because all the incoming energy
of the desired second wave length would be drained directly to
ground and not pass through the second receiver, as it has already
been shown that the rejector offers a low impedance path to
ground for all wave lengths other than that to which it is tuned.
Some form of barrier must therefore be interposed between this
point A on the first rejector and the tap-oft point for the second
wave length which will afford free passage for the 600 meier
oscillations but keep out most of the second (952 n.) wave length,

(3) From a study of ficures 31-29 and 31-30, it will be seen Principle.
that a series circuit tuned to 600 meters and inserted in the circuit
just above the 600-mcter rejector and below the tap-off point for
the 952 meter receiver, will do this. There will then be tfiro
nodal points for 600 meters A and A’ as shown in ficure 81-38.
The antenna circuit down to A’ is tuned to 60C meters. The
antenna cireuit down through A’ to point A’ ¢on the 952-meter
rejector is tuned to 952 meters, the additional inductance required
being supplied by inductance L’. This has no effect on the 600
meter tuning since A’ is a nodal point. Also since this additional
inductance L’ tunes this circuit to 932 eters, we have a series
circuit which is so far out of reasonance with the 600 meter
oscillations that very little if any of the oscillations of this wave
length go down this path to ground.

PART 3.—DESCRIPTION,

PN roraioc 11 3 Types
31-634. The theory of the acceptor-rejector circuit has heen eq“ipmint.

reduced to practice in the following standard types of receiving
equipment ;

Use,
Singleand double reception.
Single or double recepticn with model E.
ModelR.. ... ... . . ottt | Single reception only.

l

of
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Neceasary ap-
paratus.,

Antenna tun-
ing Inductance,
type SE 8524.

Antenna load-
ing coil.

Tuned tele-
phone,

Rejector shunt.

Rejector com-
denser.

CHAPTER 31.

81-635. Figures 31-39, 31-40, and 31—41 show the complete re-
ceiving apparatus for the model E, I, and R equipments. The
units composing the assemblies may be superseded frem time to
time but, in the main, the units shown in the figures are typical
of the circuit and are required in order to fulfill the purposes of
the equipment. TFor example, the receivers and amplifiers may be
replaced by newer and more efficient apparatus, but the elements
of the circuit would not thereby be changed. Brief descriptions
of the various units of apparatus which are a part of the DModel
L, F, and R equipments follow:

31-¢36. This is a three-unit variable inductance, each unit con-
nected to a control switch located on the front of the panel. The
switeh on the right controls the large steps of inductance, the
maximum being at contact T and is 6 millihenries; the switeh on
the left-hand side controls smaller steps, a maximum of 0.31 miili-
henry being at tap t; the center switch controls still smaller
steps, a maximum of 0.024 millihenry being at tap (20). This
unit is for use either to load the antenna circuit in connection
with the SE 3649 receiver or for tuning the antenna when the
rejector is to be used.

31-637. This loading coil is adjustable in six steps, the maxi-
mum, 10 millihenries, being at tap 6. This coil is used when the
SIT 3524 inductance is not large enough for proper tuning; in any
case, the SE 5324 coil is used for fine adjustment.

31-6838. (1) This unit contains a large audio-frequency induct-
ance, a 0.0025uf variable air condenser, and a resistance unit.
When the tuned telephone is being used the resistance is placed
in series with the plate battery of the SE 1071 vacuum tube
detector.

(2) The large inductance, the variable condenser, and the ampli-
fier input or the head telephones are all connected in series and
shunted across the resistance and plate battery. The signals
passing through the telephones are tuned by means of the variable
air condenser.

31-639, This unit consists of a 20 microhenry inductance and a
switch. When the switch is closed the inductance is shunted
directly across the rejector and the SE 1420 receiver primary.
It should only be used during double reception, and is then used
so that the rejector red switch may be opened without throwing
the long wave receiver out of adjustment.

31-640. This condenser is made up of nine mica units, numbered
from 1 to 9, each having a disconnecting switch. The condenser
units have the following approximate values:

Switch. Microfarad.
_______ 0. 006
.1‘2__-- . 012
b S L 024
S U . 048
-+ S R, L G98
[ S . 192
e e . 384
< S O U .76y

O e e 1.5

1 to 8 all in parallel (switches closed) - __ _._ 1.5
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31-641. This inductance consists of two parts, a 12-inch ring
and 5 microhenry inductance variable by 18 taps, the first giving
0.4 microhenry and the last 5 5 microhenries, the steps being prac-
tically equal. This inductance is cut into circuit when the big
black-handled switch D is open. The smallest tap of inductance
is the one nearest this switch and is marked A on the inductance,
The ring inductance is variable from 0.09 to 0.4 microhenry, maxi-
mum inductance being obtained when the movable arm is at the
open end of the ring. As the arm is moved around the ring the
inductance caused by the ring varies practically proportionally
to the numbers engraved at the edge of the ring.

31-642, This unit consists of a few turns of wire for conductive
coupling of test buzzer to antenna; coupling may be varied by
steps.

31-643. This fitting is specially arranged for bringing (tluee-l

wires into the booth without destroying the shielding protection
and forms a ground terminal.

31-644. This protective gap is arranged to pass destructive spark

currents to ground without injury to the receiving equipment.
Gap should be adjusted to thickness of a piece of paper.

31-645. This unit consists of a 5 mill ihenry coil of 47 ohms
resistance. It is arranged for shunting directly between the
antenna and ground when a shunt is necessary for excessive
signals, strays, or induced currents.

31-G46. This unit consists of three inductances in series which
may be varied in steps by three dial switches located on the
panel. The switch on the right, marked with large letters A to T,
controls the largest steps of inductance and when on tap T cuts
in approximately 2.9 millihenries. The switch on the left, marked
a to t, controls smaller steps of inductance, tap t giving approxi-
mately (.16 millihenry. The center switch, marked 1 to 20,
gives still smaller steps for fine adjustment, tap 20 giving 0.015
millihenry.

This unit is used when the rejector is in use. It provides a
means for tuning that part of the complete antenna circuit which
is above the rejector to the desired signal.

31-647. This unit consists of a 15- step, 0.00065 uf per step,
condenser in parallel with a 0.0022 uf variable air condenser.
Thig unit is used in series with the SE 3548 inductance for tuning
the antenna circuit above the rejector to the desired wave
length, The ratio of inductance to capacity in the antenna
circuit may be varied by means of these two units, resulting in
a control of the stiffness of the antenna circuit.

31-648. This relay is so arranged that, when the transmitting
key is closed, there are two 2 uf condensers shunted directly
across the telephones, a ground being made so that there is a ca-
pacity of 2 uf between ground and each side of the telephones,
This systewn reduces the note of the local transmitter to a pleasing
intensity.

31-649. This receiver is operative over wave lengths from 250
to 6,800 meters. It contains one detector tube (CW 933) and is
adapted to damped (spark) or undamped (arc) signals. Ad-
Justment for these types of reception is made by means of the

31-147

Re}ector in-
ctance.

Buzzer coup-
ling coil.

Booth enmter-
tting.

Protective
gap.

Antenna leak
coll,

Antennn {un-
n g indectance,
type SE 8348,

Antenna tun-
ing condenser.

Recelver pro-
tective relay.

Medicm wave
receiver, type SE
1420 D or E.
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back coupling adjusting knob located on the upper right-hand
side of the receiver panel. Best spark signals are obtained by
starting with the back coupling adjustment at zero and approach-
ing 180 until maximum signal is heard (regenerative). It may be
necessary to retune the secondary condenser slightly after re-
generation is obtained.

ey?ﬂ‘}ﬁ&g‘f“ﬂ' 31-650. This amplifier is of the air or iron core transformer type.
There are three jacks located at the bottom of the amplifier.
The telephone plug may be plugged into any one of these jacks.
When in the one on the left the telephones are connected to the
receiver tube and no amplification is obtained. The middle jack
gives one step of amplification and the one on the right gives
two steps of amplification, or an approximate increase in signal
strength of 400 over the receiver alone.

PART 4.—OPERATION,

@eneral. 81-652. (1) The various steps of tuning the three acceptor-
rejector equipments follow: These steps are given in the correct
. order and are clearly shown in order that they may be easily
followed by the operator. Unless these instructions are care-
fully followed and the various steps made in the proper se-
quence, it will not be possible to secure good results with the
equipment. Therefore, the proper steps should be thoroughly
learned before making the adjustments.
Destroyer 1n- 31-653. The instructions for model R equipment given below
stallations, will apply to the acceptor-rejector installation recently made on
six destroyers of the Atlantic Flotilla. Future destroyer instal-
lations will have the type SE 3548 inductance and the type SE
8547 condenser combined in one box,
Battleshlp 31-654. The equipments for battleships are designated models
equipment. E, I, and R. They all operate on the same principle but differ
in the number of receivers used on the same antenna. Model R
equipment is arranged for single reception only. Model F equip-
ment is the same as model R equipment except that it has extra
features provided so that it can be used for double reception with
one of the receivers in model E booth if desired. The model E
equipment is really two receivers, one medium wave and one long
wave, arranged so that both receivers can be used simultaneously
on one antenna, or either one separately.
Adjustment of 81-655. (1) Close switches on inductance type SE 3548 and con-
acceptor-Telectol denser type SE 3547. (See Fig. 21-39.)
booths. (2) Open red switch A and white switch B on rejector.

(3) Tune in the desired signal, on primery and secondary
of type SE 1420 receiver, using loose coupling. 3lake this ad-
justment warticularly accurate.

(4) Close receiver primary short-circuit 8witch B (white-
handled switch mounted on side of rejector condenser); rotate
back coupler knob on the SE 1420 receiver toward 180° until oscil-
lations start. This is shown by clicks in the telephone when oscil-
lation test buiton is pressed and released.

(5) Rotate primary condenser of receiver until two clicks
are heard in the phones. Leave primary condenser one-half way
between these two clicks.
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Nore.—If only one click, or no clicks at all, are heard,
slowly rotate back coupler knob in upper left-hand corner
of SE 1420 receiver until two clicks are heard when primary
condenser is rotated. If these clicks are not obtained with
back coupling near 0° (loose coupling), then rotate knob
toward 180°. This strengthens the oscillations,

(8) (@) Open receiver short-circuit switch B (white-handled
switch) and switches on the SE 3548 inductance and the SE 3547
capacity ; then adjust these until maximum signal strength is ob-
tained; next test the use of capacity near 90° and adjust the in-
ductance by large steps. These are all on right-hand switceh,
small steps are on the left-hand switch, and single turns are on
the center switch.

(b) Ixperience and trial will show what the best values of
inductance and capacities are for the various wave lengths.
Conditions may arise under which either the capacity or induc-
tance is best used alone,

(7) Close the red-handled switch A on the rejector and adjust
rejector for maximum signal. Start adjustment by closing the
first three or four black-handled switches C on the rejector con-
denser; open the large switch D of the rejector inductance and
rotate the small inductance switch E from A toward K until sig-
nal is heard; make fine adjustment with single-ring inductance.
If signal is not heard when K is reached, open the red-handled
switch A and see if the signal is still coming in. If S0, close the
next black-handled condenser switch € and repeat the operation
when adjustment is found. Opening or closing the red switch
must not weaken nor strengthen the signal. If the signal can not
be found or is weakened by this operation, the antenna induc-
tance SE 8548, the capacity SE 3547, or the SE 1420 primary
(left-hand knob of receiver) are out of adjustment.

(8) Go back and start all over when this condition is found.

(9) After the signal has been found by the above directions,
the rejector is not yet set for its greatest selectivity., Greatest
selectivity is found by moving the small switch toward A and
closing more black-handled condenser switches, retuning each
time with the single-ring inductance. Greatest selectivity will
be found when the big switch D is closed and the ring alone is
used ; to use less ring, close more black switches, A very slight
decrease in signal strength may be expected on closing the red
switch when the ring alone is being used, but the interfering
signal should be reduced practically to zero.

31-656. (1) The model E equipment is really two receivers,
one long wave and one medium wave, designed primarily for
using both receivers at once on the main antenna, double recep-
tion. It is arranged, however, so that either receiver may be used
alone on the main antenna or the long-wave receiver can
be used for double reception with the medium-wave receiver of
the model F equipment if the medium-wave receiver in model E
booth goes bad. (See model I instructions.) Each method of re-
ception is described separately. (See Fig. 31-40.)

(2) To use medium-wave receiver alone without acceptor-
rejector:

31-149

Model E eqalp-

meut.
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CHAPTER 31,

(e) Open upper switch double reception switch box SE 3514;
throw lower switch to right.

(b) Close short-circuiting switch boxes SE 3548, SE 3547,
SE 3525.

(¢) Open red switch A and white switch B on rejector.

(d) Open switch on SE 8326 shunt inductance.

(¢) Tune receiver SE 1420 in same manner as any ordinary
receiver not equipped with acceptor-rejector.

(8) To use medium-wave receiver alone with acceptor-rejector:

(@) Open upper switch double reception switch box SE 3514;
throw lower switch to right.

(b) Then proceed as directed under model I, using acceptor-
rejector. :

(4) To use long wave receiver alone:

(@) Open upper switch double reception switch box SE 3514;
throw lower switch to left.

() Put switch on antenna load coil SE 3542 on 0.

(¢) Close short-circuiting switches on SE 3524 and SE 3547.

(d) Open red switch A and white switch B on long-wave
rejector.

(¢) Use the SE 3649 receiver and SE 1071 vacuum tube de-
tector as usual for ordinary long-wave reception.

(f) If switch on SE 3551 is thrown to right, the tuned tele-
phone SE 3522 is not in use.

(g) The tuned telephone should be used in all cases where
statie or other interference is bad. To use it, tune the incoming
signal to the desired pitch or note by adjusting secondary con-
denser of SE 3649 receiver; then throw switch on SE 3551 to left,
and rotate variable condenser handle on SE 3552. Tune tele-
phone until loudest signal is heard in head telephones. If
the tuned telephone is operating properly, the signal strength
will be retained, but the interfering signals or static will be
decidedly reduced. The tuned telephone works best when a high-
pitched signal is used.

(5) To use double reception:

(@) Open upper switch double reception switch box SE 3514;
throw lower switch to right.

(b) Close switches on SE 8548, SE 3547, and SE 3525.

(¢) Open red switch A and white switch B on medium-wave
rejector.

(d) Tune in desired signal, on primary and secondary of SE
1420 receiver, using loose coupling. Make this adjustment par-
ticularly accurate.

(e) Close receiver primary short-circuit switch B (white-
handled switch mounted on upper side of rejector condenser);
rotate back coupler knob on SE 1420 receiver toward 180° until
oscillations start. This condition is indicated by clicks in the tele-
phone when oscillation test button is pressed and released.

(f) Rotate primary condenser of SE 1420 receiver until two
clicks are heard in phoncs. Leave primary condenser at point
halfway between points where these clicks are heard. (See note
in par. 5, article 31-655.)
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(g9) Open white switch B and switches on SE 3548 and SE 3547
(leaving switch on SE 3525 closed ), and adjust inductance SE 3548
and capacity SE 3547 until maximum signal is again heard; then
test the use of capacity near 90° and readjust inductance. (See
par. ¢ {b), article 81-655.)

(1) Close red switch A on rejector and adjust rejector. (See
par. 7, article 31-655.)

(i) Start all over again if signals weaken when red switch A
{s closed after rejector has been adjusted.

(7) Leaving the rest of the apparatus eractly as adjusted
above, open the switch on series acceptor bhox SE 38525 and adjust
the inductance and capacity in this box until same signal strength
is again obtained. Do not adjust any other part of the circuit
while tuning this acceptor.

(k) The long wave receiver is now ready to be connected in
and adjusted.

(1) Throw upper switch (previously open) on SE 3514 to left.
If wave length of signal to be copied is greater than 8,000 meters,
it will not be possible to use rejector on the long wave side, In
this case adjust long wave receiver exactly as any ordinary long
wave receiver.

Norte~1t is possible to readjust the long wave receiver to
different wave lengths without affecting the mediuin wave
side, but it is not possible to make any adjustment of the
medium wave receiver, the inductance SE 3548, condenser
SE 3547, or acceptor SE 3525 witheut throwing set entirely
out of adjustment. If this is done by mistake, start all over,

(m) If the wave length to be received on the long wave re-
ceiver is within the range of the rejector (that is, beiow 3,000
meters), proceed as follows after performing operations given up
to par. 5(k) above:

(n) Set switch on SE 3542 on 0, close switches on SE 3524 and
SE 3547, and open red switch A and white B on long wave re-
jector.

(o) Adjust primary and secondary of SE 3649 receiver for
maximum signal; then close white switch B and get resonance
clicks exactly as described for medium wave receiver above.
Open white switch B and switches on SE 3524 and SE 3547,
Vary inductance SE 3524 and condenser SE 3547 unt§ maximum
signal is again obtained. Close red switch A on rejector and
adjust rejector, as previously explained, under medium wave
receiver.

(p) Remember that the tuned telephone, when used on long
wave CW signals and properly adjusted, gives the same results
as the rejector, which will only go up to 3,000 meters,

(q) Whenever it is desired to open the red switch A on the
medium wave rejector, the switch on the shunt inductance SE 3526
should be closed first. This prevents serious weakening of the
long wave signals and should not seriously affect the strength of
the medium wave signals,

(r) If the medium wave receiver must be retuned to a new
wave length the above adjustments must be repeated.

31-151
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Model F equip-  31-657. (1) This equipment is a duplicate of Model R equip-
ment. ment, except that it has in addition the following parts to provide
for double reception with the long wave receiver in model E
booth when for any reason the medium wave receiver in the
Model “E ” booth is not in use:
1 SE 3590 single-booth double-reception switch,
1 SE 35325 series acceptor.
1 SE 3526 shunt inductance,

(2) To use model F equipment alone acithout acceptor-
rejector:

(a) Open switeh on SE 3590 and close switches on SIE 3548,
SE 3547, and SE 3525. (See Iig. 31-41.)

(b)) Open red switch A and white switch B on rejector and
switch on SE 3526 shunt inductance,

(¢) Tune primary and secondary of SE 1420 receiver in same
manner as any ordinary receiver not equipped with acceptor-
rejector.

(3) To use model F equipment alone 1ith acceptor-rejector:

(a) Open switch on SE 3590 and close switch on SE 3525 and
then proceed exactly as described for model R. Do not open
switch on series acceptor SE 3525 unless using double reception
with model E booth, as described below.

(4) The method of double reception on main antenna using
the medium wave receiver in model F with the long wave receiver
in model E is provided to give a means for such double reception
in case the medium wave receiver in model E booth is damaged
or becomes inoperative. Before it can be used it is necessary to
change the connections of the switches in the copper buses which
connect models E and F booths and the antennas. The double
bus switch in the center of this bus structure should be shifted
so that the main antenna goes to the model ¥ booth and the
double reception lead from model ¥ booth is connected to the
antenna lead of the model E booth. The auxiliary antenna lead
to model F bootk should be disconnected. Trace out the con-
nections.

(5) To use model F equipment double reception with long
wave receiver in model E booth:

(a) Open upper switch box SE 3514 in model E booth; throw
lower switch to left.

(b) Throw switch on box SE 3590 in model F booth to left.

(¢) Then proceed exactly as described under model E for
double reception, except that the medium wave tuning will be
done in model F booth and the long wave tuning in model E
booth,

PART 5.—FAULTS AND REMEDIES,

(‘are of sliver- 31-658. The rejector part of the models E, F, and R equipments
plaied surfaces. is rugged. It is designed and constructed with a large factor
of safety as regards both the mechanical and electrical features.

It should, therefore, develop no faults. All conductors are silver-

plated for the purpose of decreasing the skin-effect of the radio-

frequency currents and to reduce contact resistance. The silver-

plating is not very heavy and, although all the apparatus should
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be kept clean and bright, no bright work polish should ever be
used on the silver-plated surfaces. There are two reasons for
this, namely, it is practically impossible to remove all the bright
work polish and the result is a gumming of the moving parts,
with resultant friction and wear. The other reason is that the
thickness of the silver plating is rapidly reduced by frequent
polishing.

31-659. It will be noticed that the knife switches on the con-
denser type SE 38635, and on the inductance type SE 3634, are
provided with additional contacts so that the resistance due to the
pivot is eliminated. These switches are frequently operated and
the revoiving arm on the inductance is also frequently moved.
It is essential, therefore, that all bearing surfaces be as free from
friction as possible, All the contacts and metal surfaces should
be wiped daily with a piece of cheesecloth previously dipped in
some fine machine oil, such as typewriter or sewing machine oil.
The thin film of oil which will adhere to the surface will reduce
frietion, improve the contact, and prevent oxidization.

31-660. If the apparatus has been installed in accordance with
standard plans, the only fault that can arise will then be due
to a defective unit in the equipment. A thorough knowledge of
the operation of the equipment will aid greatly in determining
where the fault is.

31-661. It is well to remember that the greatest selectivity is
obtained by the use of the least amount of inductance in the
rejector, in which case the greatest amount of capacity will be
cut into thie circuit.

31-862. No additions nor alterations to the egquipment should
be made except with authority from the Bureau.

31-663. The acceptor-rejector is rather new in the service
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meager, If the theory, operation, and description of the equip-
ment just given be thoroughly understood, it is thought that
very little trouble will be experienced and that excellent results
will be obtained.

(2) The Model RB Receiving Equipment.

PART 1,—GENERAL.

31-675. The model RB receiving equipment has been developed
nprimarily for shore radio station use and, consequently, has been
given a wave Téhgth range of 6,000 to 30,000 meters. This equip-
ment is, however, applicable to use on shipboard,

31-676. The model RB receiv ing equipment is a combmatlon of

Purpose,

Comparlson

with other re.

S_}_{ﬂwﬁ and collectors gwmg exceptional selectivity Joth in waveceiving equip-
W
length and direction,” The ordinary receiver, such as the type®ent

SE 1420, 1;’3'62 especially selective as to wave length and has
no directional qualities. No two-circuit receiver can be as selec-
tive as a three-circuit receiver., In addition, the vacuum tube
detector (nonoscillating or oscillating) causes the secondary cir-
cuit of the receiver to tune broadly. This effect is very noticeable
with the vacuum tube detector in the nonoscillating condition
when receiving continuous wave signals with heterodyne. Fur-
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ther, the ordinary antenna circuit usually has a high resistance,
thus decreasing sharpness of tuning in the ordinary receiver.
Alds to selee- 31-677. The model RB receiving equipment utilizes all the aids
tisity. to sclectivity in wave length and direction at present known to
the radio art. These are as follows:

(1) Directional Sclecticvity—(«¢) Advantage is taken of the
directional characteristics of the radio compass coil.

(b) The combination of an antenna of moderate size and a
radio compass coil gives a “barrage” effect by eliminating recep-
tion from one direction and doubling the strength of signals
received from a direction opposite the null point.

(2) Wave Length Selectivity—(a) Considerable sclectivity is
gained by the usc of low resistance gcix_ts throughout the equip-
ment. (This selectivity is appreciably greater than that of the
type SE 1420 receiver).

(b) A third circuit is interposed between the primary and sec-
ondary circuits of the receiver. This circuit is called the “inter-
medigte” g:_x;gg;j, and broad tuning of the secondary circuit is
thereby eliminated.

(¢) Reception of continuous waves is by the heterodyne
method. (In this method detuning of the primary and secondarv
circuits is obv iated, thereby increasing freedom from interference,
and also obtairing maximum effect from incoming signals)

(d) Further selectivity is gained by the use of gadio-fggquency
amplification.

PART 2—THEORY

tm‘;?um" *7®  31-678. The model RB receiving equipment, as stated above,

uses a double collector for receiving signals. This double col-
lector consists of a fairly large loop (8 feet square, wound wiih
48 turns of wire spaced eleven-sixteenths inch apart), and a sin-
gle wire antenna having a length of about 200 feet and a height
of about 75 feet at the far end. The antenna itself is not direc-
tional, that is, it will receive equally well signals coming from
any direction. On the other hand, the loop will receive signals
with maximum intensity only when the loop points toward or
away from the station being received. In other words, the loop
has two points of maximum reception situated 180° apart and
two points ef minimum reception also situated 180° apart, the
line connecting the latter being at right angles to the line join-
ing the former., {In practice, the antenna circuit is coupled to
the loop circuit through a suitable coupling arrangement, and
the emf impressed on the loop circuit by the antenna is adjusted
(by coupling and resistance) so as to be equal to that of the
loop circuit, For this reason, the two emfs will add when the
loop is pointed in one direction (toward the station to be re-
ceived) and the received signal will be double that which could
he obtained on either the antenna or loop alone. TFor all other
positions of the loop the two emfs are out of phase and the result
is that the strength of the signal is reduced, finally becoming zero
when thie loop has been rotated through 180° in either direction
from the position at which maximum signal was received.
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81-679. The intermediate circuit couples to both the loop circuit
and the secondary circuit of the receiver, thereby passing on to
the secondary circuit the resultant emf of the antenna-loop com-
bination. DMost of the selection in wave length takes place in
this intermediate circuit.

31-680. fhe secondary circuit of the receiver is tuned to the
wave length to be received and the emf induced in it through the
intermediate circuit coupling is passed on to the input (filament-
erid) of the radio-frequency amplifier, modulated by the radio-
frequency driver, and amplified through three stages, theu detected
by the detector tube. The resultant audio-frequency pulses are
then amplified by two steps of audio-frequency amplification, and
the seiected signal heard in the telephones.

81-081. Static reduction is very pronounced when the model
RB receiving equipment is used. {Maximum reduction of static
and maximum received signal are obtained when the direction
of static is diametrically opposite to that of the signal source.
TUnder these conditions static would be received on the null point
of the system and therefore no static weuld be heard, while in
the case of the signal the action of both the antenna and loop
would combine resulting in the doubling of the signal. This con-
dition is, however, scldom met in praectice but a very marked
diminution in the strength of static and considerable increase in
signal audibility will result even when the direction of static and
signal sources are separated by as small an angle as 40°,

PART 3.—DESCRIPTION.

31-682. A simplified diagram of the model RB receiving equip-
ment is shown in figure 31-42. The complete equipment consists
of the following units:

(1) Antenna.

(2) Loop (8 feet square with 48 turns spaced eleven-
sixteenths inch apart).

(3) 1 barrage unit, type SE 1793.

(4) 1 receiver, type SE 1530.

(3) 1 radio-audio-frequency amplifier, type SE 1617.

(6) 1 radio-frequency driver, type SE 1603.

51-683. The antenna should be a single wire approximately 200
feet in length and from 50 to 100 feet in height. It may bo
stretched on a slant to some high point.

31-684. The loop consists of 48 turns of No. 14 B. & 8. size extra
flexible wire, double braid and rubber covered, spaced eleven-
«ixteenths inch between turns on a form 8 feet square and 40
inches wide. The loop can be either fixed or rotatable.

81-685. The barrage tuning unit, type SE 1793, includes a load-
ing and coupling inductance, a resistance variable in steps and a
capacity consisting of a continuous variable air dielectric con-
denser plus three fixed condensers, that are cut in as necessary,
for the antenna circuit. A switch is provided whereby the con-
denser can be thrown in series or in parallel with the antenna.
A reversing switch allows the phase relation of the coupling
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hetween the antenna and loop circuits to be reversed. Binding
posts are provided for the antenna and ground connections.

31-686. The loop circuit includes a coupling coil for coupling
to the antenna circuit, a coupling coil for coupling to the interme-
diate circuit, and a capacity consisting of a continuously variable
air dielectric condenser plus three fixed condensers which are
cut in as necessary.

31-6S7. A coupling coil is also provided in this unit for coupling
to the loop circuit, and connections are made from this coil to
the primary circuit of the long-wave receiver, type SE 1530.

31-688. The long-wave receiver, type SI 1330, consists of the
usual primary and secondary circuits found in all inductively
coupled receivers except that the tuning is accomplished in each
circuit by a continuously variable air dielectric condenser and
three fixed condensers in conjunction with a fixed inductance,
thereby making for low circuit resistance and high selectivity.
The primary circuit is, however, a continuation of the inter-
mediate circuit, the coupling coil of which to the loop circuit
is in the “barrage tuning unit.” The intermediate circuit is
tuned by means of a condenser in the long-wave receiver and
coupling to the secondary circuit is effected as shown in the dia-
gram. Two leads are taken from the secondary circuit tuning
condenser to binding posts to which is connected the radio-fre-
quency driver, type SE 1603.

31-689. The radio-frequency driver, type SE 1603, follows the
long wave receiver. This piece of apparatus is described in Sec-
tion VI, D.

31-690. The radio-audio-frequency amplifier, type SII 1617A i«
next. This amplifier is described in Section VI, B.

31-691. The several pieces of apparatus are supplied with suit-
able terminals for making the interconnections. Terminals of
equal height are joined together by bus bars which are supplied
with the equipment.

PART 4.—OPERATION,

31-692. (1) Ease of operation of the model RB receiving equip-
ment was the aim in the design of the apparatus and, although
there are several circuits to be tuned and adjusted for best recep-
tion, the values of inductance and capacity are such that signals
from the station to be received can be readily found.

(2) Special operating features of the radio-frequency driver,
type SE 1603, and the radio-audio-frequency amplifier, type SE
1617A, have been given before, therefore only those features that
have to do with the operation of the equipment as a whole will be
given here,

31-693. Figure 3143 shows a front view of the panels of the
apparatus included in the model RB receiving equipment. The
various adjusting knobs are clearly shown and named in the
figure in order that the various steps in the operation of the
equipment may be easily followed. The following procedure
should be adhered to when operating this equipment:

(1) Use loop for pick-up work (barrage reverse switch in
center position),
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(2) Make sure that all connections are correct and tight.
Check battery connections for proper polarity. ’

(3) Turn filament switches of SE 1603 and SE 1617A to “on”
position.

(4) Set radio-frequency driver on approximately the wave length
to be received. (The driver is calibrated in wave length to facili-
tate setting of condenser.) Set condenser of driver slightly off
wave length to be received in order that a beat note may be
heard.

(5) Set primary and secondary condensers of type SE 1530
receiver to the wave length to be received (calibration is provided
on condenser dials).

(8) Set inductive coupling (intermediate-secondary circuit) on
type SE 1530 receiver near maximum (100° to 150°). Zero
coupling is at approximately 40° for the purpose of obtaining
reverse coupling and passing through zero coupling.

(7) If a rotating loop is used, place plane of loop in line with
the station to be received.

(8) Rotate loop condenser of type SE 1793 until maximum
signal is received (this adjustment should be made with barrage
reversing switch in center position, thus cutting the antenna out
of circuit).

(9) If signal is not heard throw barrage reversing switch to
either side, thus cutting the antenna into circuit. Cut out all
antenna resistance and tune antenna circuit with antenna con-
denser. (A series-parallel switch is provided by means ot which
thie antenna condenser is placed in series or in parallel with the
antenna. Use series connection for wave lengths up to approx-
imately 15,000 meters and the parallel connection for the longer
wave lengths.)

(10) Final tuning should be done with the antenna out of cir-
cuit (barrage reversing switch in center position). The loop
circuit should then be adjusted until maximum signal is heard
with moderately loose coupling between the loop and intermediate
cireuits (intermediate coupling).

(11) When desired signal is heard throw barrage reversing
switch to either side (this should increase strength of all signals
and interference).

(12) Start cutting in antenna resistance with moderate coup-
ling (100°) between antenna and loop (antenna-loop coupling).
If signal is lost during this operation reverse position of the bar-
rage reversing switch. When this switch is in the proper posi-
tion, desired signal should be increased and the interfering sig-
nals reduced in strength.

Best results are obtained by making the receiving equipment
inoperative in the direction from which the static comes.

The amount of antenna resistance will vary from day to day.

Interference can be reduced by careful adjustment throughout
the equipitent. No advantage is gained by the use of tight coun-
lings.

Strong interfering sigmals cau be reduced by decreasing the

couplings.

83156°—22
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If the directions of static and signal are not diametrically oppo-
site, adjustment should be made to reduce the static by swinging
the loop until the hest signal-static ratio is obtained. If neces-
sary, sacrifice some of the strength of signal to obtain this con-
dition. '

PART 5.—FAULTS AND REMEDIES.

No barrage ef-  31-G94, If no barrage effect is obtained it may be due to any of
fect. the following causes:
(1) Insulation of loop or antenna inay bhe wet or otherwise
faulty.
(2) Ground connection to equipment may be too long.
(3) Proper ratio of antenna-resistance to antenna-loop cou-
pling is not bheing used.
(4) Couplings throughout may be too close.
(5) Antenna or loop muy not be exactly in tune.
(6) Ampiifier batteries may be causing noise.
(7) Amplifier tubes may be noisy.
Hewling of 31-695. Howling of amplifier may be caused by—
ewpliger. (1) Defective shielding.
(2) Shield lead of shielded telephone cords open or not
connected to shield clamp.
Fading effeet. 31-096. (1) Fading of signals or static, when separate batter-

- ies are used for the R. F. driver and amplifier, may be caused by—
(1) Exhausted amplifier batteries.
- (2) Exhausted radio-frequency driver batteries. (Batter-

ies should not be used until completely exhausted.)
(3) Long distance transmission, especially noticeable on
summer afternoons. (There is no remedy except
rotating the loop slightly which sometimes helps.)
Signal only (2) If signal suddenly stops and static seems to increase it is
stope. an indication that the filament battery of the radio-frequency
driver is run down.
Signal &nd  (3) If both signals and static fall off in intensity the trouble
static dle out. 4o que to exhaustion of the amplifier filament battery.
Note~—This apparatus is so arranged that common batter-
ies can ordinarily be used. one for the filament supply and
another for the plate circuit supply of the R. F. driver and
amplifier. In this case a renewal of batteries will be neces-
sary should any of the faults just mentioned arise.
31-697. If loud hissing is heard the trouble is due to—
(1) Improper adjustment of the radio-frequency driver
coupling,
(2) Poor adjustment of stabilizer on amplifier.
(3) If loud hissing can not be stopped by correcting for
(1) and (2) the trouble is due to amplifier tubes.
These should be changed about or renewed to ob-
tain a quiet amplifier. )
hpe ‘;?‘i;g; 31-698. The shields of the R. F. driver and the amplifier are
ratus. connected internally to the filament battery hinding post, thus
bringing them to a potential of approximately 6 volts. In the
lower left-hand corner of the R. F. driver and in both lower cor-
ners of thie receiver and the barrage tuning unit the shield hind-

Leud hissing,
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ing posts are provided with connecting links, thereby establish-
ing the shielding of the entire equipment at a potential equal to
that of the J-filament battery. A removable link is also sup-
plied on the lower left shield binding post of the barrage tuning
unit for connecting to the ground terminal. This connection to
ground should normally be left open but, if trouble is experienced,
make this ground connection after making certain that a short
circuit will not occur on either the filament or plate cirecuit
rupply. )
(3) The Tuncd Teleplione.

PART 1.—GENERAL.

31-725. The tuned telephone circuit provides a means for tuning
at audio frequencies and should not be confused with the ordinary
radio-frequency tuning provided by ccupled circuits, rejectors,
and the like. Its purpose is to prevent undesired signals, which
vary in audio frequency from that of the desired signal, from
passing through the telephones. On this account it is particu-
larly adapted to the reception of continuous wave signals by the
“beat” method. It is of less value for the reception of spark
signals for the reason that the frequencies of practically all Navy
spark transmitters lie within the 450-5350 cycle zone. Further,
the tuned telephone does not effectively separute signals whose
frequencies vary by only a few cycles because the tuning is quite
broad on account of the resistance, ete., of the circuit,

31-726. The tuned telephone circuir has been incorporated in
the type SE 3552 tuned telephone for use in the model E receiv-
ing hooth, in conjunction with the type SE 3649 receiver,

PART 2.—THEORTY.

31-727. (1) The tuned telephone is an acceptor circuit in that
it is actually tuned to resonance with the frequency desired. In
the resonant condition it has no reactance and the only resistance
is that due to the circulating resistance, therefore any signal
aving the same audio frequency as that to which the tuned tele-
rhone circuit is resonant will be heard and any other signals hay-
ing an audio frequency differing from that to which the circuit
is resonant will not be heard.

(2} For example, suppose that it is desired to receive a
station tmnsmittin‘g on 10,000 meters, frequency 30.000 cycles,
with a “beat™ note of 1,000. The secondary of the receiver would

3 n ) vl e WUY  maend o PURRT, . N
he tuned fo either 20,000 cyeles or 31,000 cycles. Assume (hat

the secondary circuit is tuned to 29,000 cycles, and that another
station transmitting on a wave length of 11,000 meters is inter-
fering, with a signal of approximately the same intensity as that
to he received., The signals from the interfering station beating
with the local oscillations will result in the signal having a note
of 1,728 cycles. which is within the audible yange and would De
disturbing. Now if the tuned telephone is cut into circuit and
adjusted to be resonant to 1,000 c¢ycles the interfering sigmal will
cither disappear or be greatly reduced in intensity. The tuned
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telephone, therefore, gives selection in wave length by audio-
frequency tuning.

(83) The intensity of static can also be greatly reduced if the
tuned telephone is used and the note of the received signal in-
creased to a frequency of approximately 1,500 cycles, or more.

PART 3.—DESCRIPTION,

Elemeats of 31-728. A simplifiel drawing of a tuned telephone circuit is
clreult. shown in figure 31-44. The tuned telephone circuit consists of
three parts:
(1) Telephone.
(2) Condenser.
(3) A large inductance.
This circuit is connected Dbetween the negative filament and
plate of the receiving vacuum tube,

TO P LAT = H IGH
TUNED RESIS™

BRIDGING L ", TELEPHONE

tad — CIRCUV -
CONDENSER 7 T = "'P‘_ —E
: = BAT.
4 T
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SE 3552

A
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UNTUNED POSITION OF SWITCH
SE 3552

F16, 31-44.—Tuned telephone circuit comnections.

Telephones. 31-729. The telephones are changed from their usual position
in series with the plate battery to a series connection with the
tuned telephone circuit, and at the same time a high resistance
is substituted in the first circuit in place of the telephone to
prevent the value of the plate current from being changed due
to the transfer of the telephones from that circuit.

{ondenser. 31-730. The condenser is of the continuously variable air di-
electric type with a maximum capacity of 0.0025 uf.

Taductance. 31-731. The inductunce consists of 22,000 turns of No. 34 B. &
S., D.S.C. copper wire wound on an iron core. The frequency
of the tuned teleplione circuit can be adjusted by means of the
condenser to practically any audio frequency.
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31-732. The transfer switch type SE 3551 is provided for cut-swi“'c;_ﬂ nsfer
ting the tuned telephone cut of circuit. When the switch is
thrown to the left (“tuned”) the tuned telephone is cut into
circuit and when it is thrown to the right (“untuned”) the tuned
telephone is cut out of circuit and the regular receiving arrange-
ment is used.

PART 4.—CPERATION.

31-733. The tuned telephone should he used only when interfor-uscw.h en to be
ing signals make the reading of the desired signal uncertain and
also when static is troublesome. The tuned telephone should
never be used in stand-by or pick-up work for the reason that
every change in the wave length of the sccondary circuit achile
receiving CW signals will change the audio frequency of the note,
thereby throwing the tuned telephone out of resonance and thus
probably preventing the signal from being heard.
31-734. (1) The following procedure should be used when using Tuning pro-
ccdure.
the tuned telephone:
(a) Throw type SE 3551 switch to left.
(b) Vary the setting of the tuned telephone condenser slightly
until undesired signals are lost and the desired signal
is brought to maximum intensity.
(2) It should be remembered that the radio-frequency tuning
is to be performed in the usual manner and that the tuned tele-
phone is solely an audio-frequency tuning device. For this rea-
son select the *“beat ™ note by varying the secondary circuit con-
denser before changing over to the tuned telephone.,

PARYT 5.—FAULTS AND REMEDIES,

31-735. Best reception of continuous wave signals by either the 0sc1llations
autodyne or heterodyne method is obtained when the strength of'mp'
the local oscillation bears a certain relation to the strength of the
incoming oseillations. This generally calls for a critical setting of
the back coupling (the loosest coupling possible). TUnder these
conditions the secondary circuit is likely to stop oscillating when
the tuned telephone is cut in. The remedy is to increase the
back coupling,

31-736. Failure of the tuned telephone to suppress undesired Faflure tosep-
signals is caused by insuflicient separation between the “beat A Interfer-
note of the desired and undesired signal. This can sometimes be
remedied by obtaining a higher beat note or by tuning for a new

heat note of the desired signal on the other side of resonance.

31-737. Tailure to suppress static is generally due to the employ- Failure to
ment of an insufficiently high beat note. In this case the beatpress static. e
note should be increased in frequency as much as may be neces-
sary to produce results.

(F) WAVEAETERS.

\ PART 1.—GEXNERAL,

31-750. The wavemeter is an instrument used primarily to meas-
ure the wave length ¢f a transmitter, the wave length being
emu e&&ed m weters, A secondary use of thie wavemeter is in the

Purpose,
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measurement of the decrement of modulated waves and when
equipped for this purpose is called a decremeter.
Esseatlal eir- 31-751. The wavemeter cousists esseniially of an inductance
cult and capacity in series and some type of indicating device, The
inductance consists usually of a set of coils having different values
of inductance while the capacity is of the continuously variable
condenser type. The wave length range of the wavemoeter is
obtuined by the combination of the variable condenser and the
several coils, the indnctance of the latter being adjusted so that
a considerable overlap in wave length exists between suceessive
coils.
Resomanee In-  31-752. (1) The indicating instrument is usually a current
leating devices. squared ineter (thermogalvanometer) which is connected in series
with the inductance and capacity. The meter now used in service
wavenleters is of the thermal type. Another type of ind.cating

3 e Yy A T B o
device hus a low candle PHOW

incandescent bulb
which is connected in series with the wavemeter civeuit, Tho
filament of the bulb is brought to a dull red glow by means of a
dry battery: thus a very smull extra current is able to bring the
filament up to normal brightness and the sensitivity of the device
is thereby greatly increased.

(2) Xither of the indicating dev.ces just mentioned is used when
the wave length of a transmitrter is to he measured. The trans-
mitter may be eitler spark er CW. Another device is the crystal
detector and telephones and can be used when measuring the wave
length of spark, telephone, and ICW transmitters.

Indicatlon of 31753 The inductance and eapacity of the wavemeter consti-
resonance. tute an oseillatory circuit and this ecireuit will respond most
energetically to a transmitter when the eircuit is in resonance
with the transmitter, resonance bheine detected by means of the
indicating device used. In the case of the current squared meter
resonance is indicated when maximum deflection is obtained,
with the incandescent bulb when the filament is brichtest, and
with the detector and telephones when the signal is loudest.
The wave length of the transmitter corresponds to that of the
wavenieter when resonanece is obtained with the wavemeter. The
wave length can then be read directly from the engraved scale
or from the wave length curves supplied with the wavemeter, in
accordance with the wavemeter coil used and the setting of the
condenser in degrees.
Decremeter. 31-754. The decremeter measures the decrement as well as the
wave length of the transmitter and the indicating device is always
w current squared meter. {The decremeter is tuned to resonance
with the transmitter in the usual manner and the deflection of
the current squared meter and the ;ottin;: of condenser noted.
The condenser is then rotated in either direction until the deflec-
tion falls to one-half that obtained at resonance and the deere-
ment dial is then locked with its zero on the reference line.
The condenser is again rotated from the one-half deflection point
throuzh resonance and to the other one-half deflection point
always moving in the same direction. The reading of the decre-
ment dinl opnosite the reference line is the decrement of the
transmitter plus that of the decremeter, Subtract the deci:ment

7, low velta
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of the instrument from the reading of the decrement dial and the
result is the decrement of the transmitter.:

31-755. The wavemeter can also be used as a low-power driver
for exciting the circuit under observation. A buzzer connected
into the wavemeter circuit is used for this purpose. This feature
is especially valuable for tuning receiving circuits to the specitied
wave lengths,

31-756. (1) Service wavemeters are used for all-around practi-
cal purposes, and. being portable, are likely to be injured or their
calibration disturbed. It ix essential, thercfore, that they be
handled carefully and only by experienced personnel.

(2) Service wavemeters coutain the
wavenreter in ene box arranged in a compact and practical man-
ner. These waveneters are ruggedly coustructed and are suited
to the wo for which they were designed. The following table
gives the various types and wave length the service
wavemneters now in use:

a1
1l

ranges of

Wave-length

i
range. Indi

riing device.

100- 3,000 T 2meterand detector,
X3- 50 0 Do,
150~ 2 H)() Do.
190- 3, ¢on | Do.
100-20, 000 | Do.
50- 1,000 | Do,
10— 2 ! Do.
150- 3,000 | Do.

300~ 2,500 l Crystaldetector.
300~ 2,300 Do.

31-757.

(1) In addition to the service wavemeters there are
three other classes of wavemeters:

(a) I:r_umgg standard wavemeters,

(b) Se&?ﬁdury stundard Wwavemeters,

(c) Tér?izirv standard wavemeters,

(2) The primary standerd warvemeters are located at the Naval
Radm Rowluh Laboratory, Bureau of Standards, W ashm'rton
D. C. . un(l Tiadio Laborator 'y, navy yard, Mare Island. These are.
special wavemeters associated with the multivibrator and con-
stitute the absolute wave length standards to which all other
waselelers ate adjusted.

(3-a) Seccondary standard waveneters are located at navy
vards, Boston, New York, Philadelphia, Norfolk, Mare Island, and
Puget Sound dnd on the flagships of the Atlantic and Pacific
flects,  These wavemeters cover the cutire wave lengill range
€100 to 50,000 meters) in fixed steps and have been compared with
a primary standard wavemeter.

(3-h) The secondary standard wavenieter consists of the wave-
meter and a driver and is used for calibrating tertiary standard
und service wavemeters.

(4) The tertiuary standard wravemeters have Leen selected from
types RIE-392, S1-1402, and SI-1073 wavemeters and have been
carefully calibrated. These wavemeters are located at the navy

yards, Portsmouth. Doston, New York, Philadelphia, Norfolk,
Charleston, Key West, New Orleans, Great Lukes, Mare Island,

essentinl parts of the

31-165
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Puget Sound, and Pearl Harbor and on the fleet flagships and
fleet repair ships of the Atlantic and Pacific fleets.

(5) None of the standard wavemeters should be used for tuning
purposcs «s they are intended as standards by which service wave-
meters way be frequently checked for tuning and other purposcs.

(6) The system of wavemeters just outlined is for the purpose
of maintaining all ship and shore transmitting stations of the
Naval Communication Service on their assigned wave lengths in
order that interfercnce due to stations being off wave length may
be eliminated.

PART 2.—DESCRIPTION,

nl}:’:'e lengik  31-750. The S 1073 wavemeter has a wave length range of
100 to 20,000 meters. The condenser is arranged so that the wave
lengths can be read directly, no curves being supplied with the
instrument.

Condenser 31-760. The condenser is of special construction, both sets of
plates being movable and actuated through special gearing by
turning a knob situated on the face of the wavemeter. The con-
denser has a cylindrical shield which is fitted with a graduated
sheet of paper on which are marked the degrees, wave lengths, and
capacity for every even numbered degree setting. The figures are
read through a window across the length of which are etched two
lines spaced a distance equal to that of one degree on the con-
denser sheet. However, only the lower line should be used as the
reference line. On the beveled edge of window frame are marked
horizontally headings for the columns of figures appearing on the
condenser sheet. These headings are:

Capacity in puf.
Coil No. 1, ete.

31-761. The inductance is wound on five forms, but there are
actually six coils, Nos. 1 and 2 being on one form. The induct-
ances are plugged into a special jack supplied for making contact
with the wavemeter circuit.

“cil.:dlcallns de-  31-762. The indicating device is in series with the wavemeter
circuit and is of the thermogalvanometer type and is generally
used when finding the wave length of a transmitter., A detector
is also supplied for spark, telephone, and ICW work or when-
ever the power of the transmitter (modulated transmission) is
not sufiicient to actuate the meter. The detector can also be used
when it is desired to iisten tec the note of the transmitter (modu-
lated transmission).

Inductance.

PART 2.—OPERATION.

of I‘:‘nfvrem‘aal:;(‘m 31-7G3. (1) The wuve length of a transmitter is found as
of transmitter. follows:
(a) Set the wavemeter so that its coil is coupled to the circuit
to be measured.
(b) Nelect the coil that will give the wave length desired.
(¢) Set wavemeter condenser on zero and start up transmitter.
{d) Vary wavemeter condenser slowly and continuously in one
direction until a deflection shows on meter.
(e} Loosen wavemeter coupling if coupling appears too tight
(as indicated by deflection of meter) and find resonance.
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(f) Read wave length corresponding to wavemeter setting to
find wave length of tramsmitter. (The upper line on the glass
window should not be used, the lower line being the reference
line.)

(2) \Care should be taken that the coupling is only to the
circuit under measurement and that the coupling is not too tight
bécause the thermogalvanometer is easily burned out. It is not
necessary to obtain full secale deflection except when searching
for harmonics or humps, in which case fairly tight coupling is
sometimes necessary, especially for points other than that for
resonance with the main wave. {A deflection of 20 at resonance
is sufficient for all ordinary wave-length measurements.|

31-764. The above applies to large transmitters, but when using mwl;:: ‘;;‘“‘:‘E";‘];:
a 5 or 10 watt driver for comparing wavemeters the wavemeter ters.
@ing must be kept as loose as possible because service wave-
meters have a high radio-freqiiency resistance and, therefore,
will abstract a considerable percentage of the power available in
thie driver when tuned to resonance. Under these circumstances
the wavemeter will “drag” the driver and erroneous observa-
tions will result.

81-765. Wave lengths as measured by the wavemeter using the TUseof detector
detector and telephone will not agree with those measured when and telephoenes.
using the thermogalvonometer. This is caused by the addition of
a considerable amount of capacity due to the detector. The
cffi)a'citi7 effect of the detector is more pronounced at the lower
cettings of the condenser and the actual wave length will be
greater than that indicated on the condenser scale.

31-766. (1) {To use the wavemeter as a driver connect one Or Wavemeter
two dry-cell batteries to the proper terminals on the wavemeter used as driver,
and throw the buzzer switch to the “ on” position. Adjust buzzer
to give clear note and couple wavemeter to the circuit under test.

A detector and telephones connected to the latter circuit will be
necessary to detect resonance.’

(2)(The buzzer adds considerable capacity to the wavemeter
circuit; The wave lengths will therefore be slightly higher than
those indicated on the wavemeter, especially at low settings of
the condenser.

PART 4.—FAULTS AND REMEDIES.

rd . . P . T .
31-767. The wavemeter is an instrument of precision and i3,y 30 Bo Carely?

somewhat delicate in construction. The wavemeter should, there-
fore, not be handled roughly.

31-768. No changes whatever should be made in the wavemeter y,
circuit because the calibration will be affected. Should it be
necessary to change the wavemeter it should be done by an ex-
perienced man and the wavemeter recalibrated and new wave
length curves drawn. Although Service wavemeters are rug-
wedly constructed, the condenser is liable to damage due to rough
handling of the wavemeter. The wavemeter should never be
picked up nor moved about by the condenser handle. The wave-
meter should not be moved by sliding it on the table nor should
it be set down violently.

31-769. The thermogalvanometer is responsible for most of the
trouble experienced with wavemeters. The element of the meter

M:king charges
1 wavemeter.

Thermogalvar-
ometer.
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is easily burned out, in which event the instrument will not in-
dicate, If the ncedle sticks resonance cannot be detected. Rle-
placement of the thermogalvanometer then becomes necessary.
wm{!i@ PRE. 31-770. Frequently the contacts made by the plug of the coil
¢ ot are defective, heing either loose or open. This will result in er-
ratic behavior of the thermogalvanometer. The remedy is to
repair the jack,

31-771. Broken connection from the coil to the plug is indicated
by the failure of the thermogalvanometer to deflect whenever
that coil is used. The connection to the plug should be remade,
care being taken not to remove any turns from the coil itselr
because this will affect the calibration of the wavemeter for that
coil,
de;’:g:““ tu con- 31—772.§’A short circuit in the condenser is another frequent

fault and is caused by one of the fixed plates touching one of the
movable plates at soine setting of the condensery This is detected
Ly a suwdden drop in detlection of the thermo ;fhl\'mmmeter when
the plates touch or the rubbing can be heard directly when thoe
condenxer is revolved. The position of the short circuit can be
located by a pair of telephones and a dry battery connected in
series across the terminals of the condenser. When this method
is used care must be taken not to include the thermogalva-
nometer in the hattery circuit becanse the meter will be injured.
The defective condenser plate should be straightened, but as this
will change the calibration of the wavemeter, it should be checked
by a standard wavemeter after repairing.

Open clreuit
In coil,

(G) MISCELLANEOUS APPARATTS,

PART 1.—TELEPHONES.

Purpose. 31-800. Telephones are used in radio for the purpose of con-

verting into sound waves the received electrical pulses emitted

by the transmitter. The telephone method of reception is at the
present time the simplest, the most rugged, and, in general, the
most satisfactory and efficient,

31-801. Two types of telephones are now used in the serviee.
They are: Tspes OW 834 and CAB 160. The first type employs
permanent magnets, windings, and diaphragm of the usual con-
struction. The second type is entirely different in construection
in that a “pony " diaphragm hinged on one side and equipped
with a small bar is set between the pole faces of the permanent
magnet. The vibration of the * pony ” diaphragm is transmitted
by the har to the main diaphragm, which is a cireular piece of
thin mica.

Description, 31-802. The usual type of telephone is resonant to a frequency
in the neighborhood of 1,000 and will, therefore, be most sensitive
when the frequency of the direct-current pulscs has the same
value. The telephones consist of two ear pieces connects] in
sevies, hoth car pieces being the same in construction. The tele-
phone consists of a permanent magnet, generally U shaped on
each Hmh of which is a winding consisting of many turns of
very fine copper wire. The two windings are connected so thar
the effect of the current flowing through them on the perimanent
magnet will be in the same direction. A thin enameled iron dia-

Types of teles
phones,
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phragm is held in place very close to the pole tips of the Der-
manent magnet and the whole assembly incased in a suitable ear
picce.

31-803. The action iz as follows: The permanent magnets
hold the diaphragm in a set position. When a very winute pulse
of direct current passes through the winding it will either add to
ar subtract from the total magnetism of the permanent magnetx
and displace the diaphragm from it normal position. The move-
tent of the diaphragni cets up a wave in the air which is heard as
a soud by the ear. Permanent magnets are used because a very
=mall current is required to change the amount of magnerism of an
already magnetized picce of steel, whereas a very considerable
amount of current would be required to give the same effect wero
tire pole pieces not partially magnetized,

31-804. The teleplivnes are connected to the binding poats on
the receiver or amplifier marked * telephones.” The connections
should be made tight and the cord stopper used to prevent any
undue strain being put on the telephone cord tips. Whenever {hie
shielded type of telephone cord, type SE 1699, is used, the tip end
ol the shielding should be connected to the shicid of the amplifier
by the lug supplied with the cord, while the telephone receiver
ends of the cord shicld should be connected to the telephone re-
ceiver casings by the lugs supplied for the purpose. The type CW
834 telephones are provided with a small screw by which the lug
an be secured to the casing.

31-805. (1) Telephones are quite delicate in construction and
should not be handled roughly, such as throwing them down on
the desk, dropping them, or allowing them to strike together vio-
lently when removing them from the head. The telephone cords
shiould be stoppered at each of the ear pieces and at the telephene
cord tips to prevent breakage at the tips. The telephone cords
should be kept dry at all times, as they will become inoperative
when damp.

(2) The diaphragms should be kept clean and dry and held
securely in place by the cap. After the telephones have been
worn for a considerable length of time they become rusted. due
to perspiration. The heavily enameled side should be placed
toward the ‘ear. If the enamel blisters, it should be scraped off
and an extremely thin film of vaseline applied to prevent rust.
The diaphragms should not be bent. because a bent diaphragm
reduces the sensitivity of the telephones and in addition is likely
to stick. A sticking diaphragm is sometimes remedied hy turn-
ing the diaphragm side for side. TFrequently one earpiece is more
sensitive than the other or is inopevative. This is generally due
to a faulty diaphragm. The diaphragm should be turned or
replaced.

(3) Since the windings of the two earpieces are in series. a
hreak in one renders both earpieces inoperative. Durned out
windings or broken connections can be located by a Wheatstons
bridge. An open circuit can be readily detected by means of a
dry battery. If a loud clicking sound is not heard when the
telephone cord terminals are connected to the dry cell, it is an
indication that the telephones are open circuited. The usual faulr
occurring in the telephones is a broken connection to the teleplione

Giperation,

Faultsand rem-
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cord tips, Consequently whenever the telephones test open cireuit,
the tip connection should be carefully inspected.

PART 2.—CRYSTAL DETECTORS,

Purpose. 31-806. The crystal detector was formerly used instead of the

Tspes
tectors,

Theory.

vacuum tube fer the detection of all types of radio signals,
Since the development of the vacuum tube the crystal detector
has been used but very little.

of de- S1-807. The following detector stands are now in use:

Crystals used.

Type Ne. of stands,

SE 182
SE 184..
CRI1235. (o

3 ‘ Carborundum, galena,and silicon.
1’ Galena.
1 ! Silicon with micrometer adjustment,

31-808. The crystul detector consists of two elements and its
action depends on the unilateral conductivity of the crystal used.
It acts like a check valve in the radio circuit, allowing the current
to flow through it readily in one direction and practically prevent-
ing a current flow in the opposite direction. The current puises
that pass through the detector charge the telephone condenser,
which, in turn, discharges through the telephones, By this op-
eration the groups of radio-frequency oscillations received from
the condenser of the secondary circuit are changed into audio-
frequency pulses. The sensitivity of a good ecrystal detector

galena) is equal or slightly superior to that of a vacuum tube.

Operation. 31-809. The detector stand, whether single or triple, is provided

with two binding posts, by which it is connected to the secondary
circuit of the receiver. Audio-frequency amplification can be used
with the crystal detector, the amplitier being connected to the
telephone binding posts of the receiver. A multi-point switch is
provided for the triple stand detector, permitting any detector on
the stand to be used. The carborundum requires a slight direct-
current voltage applied to it in order that the point of detection
may be varied and the sensitivity of the detector thereby in-
creased. The other types of detectors do not require additional
voltage,

Fsultsandrem- 31-810. (1) Failure of the crystal detector to operate is usually

edies.

due to lack of proper contact beiween the two elements of the detec-
tor. A sensitive point can be found by varying the point of contact
of the elements while listening to the signal received from the
test buzzer in the receiving set, or to an incoming signsal or static.
The sensitivity of the contact should be tested from time to time,
in the absence of signals, by means of the test buzzer. Heavy
crashes of static or very loud signals will decrease the sensitivity
of the contact. A second and less sensitive but more rugged
dctector should be used when it is expected to receive near-by and
strong signals. The carborundum detector is suitable for this kind
of work while the galena and silicon are somewhat mere sensitive,
but more easily thrown out of adjustment iy vibration, strong
signals, or heavy statie,
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(2) The crystals should be kept clean and dry, and when the
metal point is used it should be kept sharp, clean, und bright.

PART 3.—VACUUM TUBES.

31-811. Vacuum tubes are now in general use for ail receiving General.
purposes. They are used in all vacuum tube detectors, audio-
frequency and radic-audio-frequency amplifiers and radio-frequency
drivers. The type Sk 1444 and CW 933 vacuum tubes are now
in use. They are equipped with the same type of base so that
they may be interchangeable. However, only the specified type of
tube can be used in most of the receiving apparatus. The ap-
paratus ecquipped with the SE 1719 ballast lamp in place of the
filament rheostat uses only the SE 1444 vacuum tube. The type
CW 083 vacuum tube is not used in any radio-audio-frequency
amplifier,

31-812. (1) Both types of tubes can be used as detectors; the Operatlon,
type SIS 1444 being considered somewhat more sensitive and has
the additional advantage that it takes about three-fifths as much
current as the type CW 933. The latter type can be used inter-
changeably wil the SE 1444 in the 2.stage audio-frequency ampli-
fiers. ’

(2) The proper adjustment of filament current is of vital Adjustment of
. . . < filament current.
importance in the operation of any tube. The tube becomes a
hetter oscillator with a slight increase of the filament current
ahove the normal flow, but the detector qualities of the tube are
not aiwayrs improved by an increase of the tilament current. The
tollowing tuble gives the normal filament current for both types
of tubes:

Filament
Vacuum tube. current
(ampere).
[ SO C Y RN N 0.65
[ T PRI 1.1

The filament of the SE 1444 is made of tungsten and burns at
a very high temperature. If the current is increased to 0.70
ampere the life of the filament is greatly reduced. The filament of
the type CW 933 vacuum tube is made of platinum coated with
an oxide of rare earth., The temperature of this type of filament
is very much lower than that of the tungsten type and the elec-
tron emission ix greater than that required for a plate voltage of
40 volts. Therefore, no advantage whatsoever is gained by in-
creasing the temperature of this filament above the normal value.

Do not at any time unduly increase the filament curreat, as it
will weaken the signal and greatly shorten the life of the tude.

(3-a) The value of the plute voltage is second in importance Proper plate
only to that of the filament current and is governed by similar voltage.
considerations. An increase in the plate voltawe, in general
improves the tube as an oscillator. The following table gives
the proper plate voltage to use for detection and amplification for
the two types of tubes:
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Plate voltage.

J
!
Vacuum tube., i |
| Asde- | Asam.

tector. plifier,
SF 1444 .. ‘ 40 40
CW 833... i 40 40

(3-U) The radio-audio-frequency amplifiers require approxi-
mately 60 volts (3 type SE 3535A batteries in series) for the
plate supply, otherwise they are likely to howl.

31-813. The vacuum tube is quite delicate in construction, the
filament especially being liable to breakage due to rough handling.
Undue twisting of the tube while placing it in a socket is likely
to loosen the glass bulb from the base. The base should be kept
clean and dry to prevent leakage between the projecting points
across the insulating compound. Leakage in the base or in the
socket will cause erratic behavior of the tube. The presence of
“blue glow” in the tube is an indication that gas is present and
that the tube is “soft.” No “blue glow” should appear but, if
present. the plate voltage should+-be decreased until it disappears.
If, under these conditions, the tube fails to operate satisfactorily,
it is defective and should be replaced.

31-814. (1) Vacuum tube equipment not supplied with the bal-
last lamps have rheostats for controlling the filament current.
The purpoge of the rheostat is to allow the filameut current to be
adjusted to the proper value and to compensate for a drop in
voltage of the filament battery. A new filament battery should
be cut into circuit when it is necessary to cut out all vesistance in
the rheostat to obtain proper operation of the apparatus. This is
especially true with the Ldison type of battery which has a
falling voltage characteristic,

(2) Imstead of burning the filament at an abnormal temper-
ature look for a run-down plate hattery.

(8) Alicays turn the rhecstats to the “off” position before cut-
ting in « fresh filament battery. 'This will prevent the filament
from heing burned out.

31-813. The type SE 1719 ballast lamp is supplied on apparatus
in place of the rheostat for thie purpose of maintaining the fila-
meut current of the S5 1444 tube constant during a fairly large
change in the voltage of the filament current supply and will take
care of the voltage drop in the Edison type of battery. How-
ever, 4s soon as the filament current falls to a value below 0.65
the ballast lamp no longer controls the current flow and the cur-
rent wiil drop until the tuhe fails to function. The remedy is
to repiace the battery by a freshly charged one.

PART 4. —CONDENSERS,

31-816. Condensers of various sizes are supplied as separate
unirs to extend the range of o given receiver or for other special
work.  These condensers ure always of the continuously variable
air dielectric type.

A1-817. The following sizes are now in use:
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Maximum
Type No, | eapacity
; (microfarad).
1 D ' 0. 001
SE 62, | 0. 0025
SE 63. .. . 0. 005
SE 1741, L 0. 0025

31-818. The capacity curve of this type of condenser is prac-
tically a straight line between 30° and 160°. They are well con-
structed, rugged, and have low dielectric losses, They are pro-
vided with stops at zero and 180° and are equipped with two bind-
ing posts for connecting them into circuit.

31-819. (1) Service condensers are ruggedly constructed, but
should never be lifted by the knob. They should be handled care-
fully, as otherwise the plates may be thrown out of alignment,
thereby causing a short circuit between the movable and fixed
plates and rendering the condenser inoperative.

(2) A condenser in good condition should test open circuit on
direct current and should stand approximately 300 volts without
the insulation breaking down.

31-820. Failure of a condenser to operate properly is indicated .

when a change in the setting of the condenser does not affect the
circuit into which it has been connected or when, as soon as the
condenser is cut in, no results can be obtained for any setting
of the condenser. This may be caused by a broken connection to
the plates of the condenser. 'The break may be between the cir-
cuit and the terminals or inside the condenser itself hetween
either terminal and the set of plates to which it should be con-
nected, or the condenser may be short-circuited. A short-circuit
is usually located at only one point on the condenser scale unless
the entire movable section of the condenser has dropped on to
the fixed section, in which case the econdenser will be short-
circuited at all settings. An open circnit can be detected by the
use of a pair of telephones and a dry cell connected in series. A
foud click should be heard in the phones when a connection is
made from one terminal to the pointer for the movable section
and from the other terminal to the casing or to the fixed section.
If the click is not heard the lead is broken in the condenser. A
short circuit is located by connecting the telephone and dry cell
across the terminals of the condenser and rotating the condenser
slowly. If the fived and movable plates tecuch at any point a
loud click will be heard. The remedy is to straighten the plates.

raig pla
PART 5.—IXDUCTAXNCES.
31-821, Inductances in the form of loading coils are supplied
g Dp
to the service for use in connection with receiving sets to in-
creese thelr range and for building special radio circuits.

31-173
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Types. 21-822, (1) Inductances are supplied in the following sizes:
Induct-
Type No. ance Kind.
{mh). |

14 | Bank wound with taps.
30 | Spool wound.

10 Do.
20 Do.
40 Do.

5 ‘ Do.

D

(2) The coils are supplied with suitable terminals for connect-
ing them into circuit. They are wound with litzendraht 3X16X
No. 38 B. & S. enameled copper wire.

rell;es;}:g and 31-823. (1) The usual fault occurring in inductances is open
circuit, and is indicated when no results can be obtained after the
¢o0il has been connected into the circuit. The open circuit can be
verified Ly the use of a Wheatstone bridge which will read in-
finity. The break is usually found next to the terminal,

(2) A high resistance coil is indicated by the necessity for
closer coupling. Such a coil can be tested on a Wheatstone bridge
and if the resistance is much higher than the normal value it
indicates a loose or poor counection between the winding and the
terminals or that strands in the litzendraht are broken. The coil
should be rewound with good wire if the high resistance is found
to be due to defective wire.

SEcTION VII.—BATTERIES,

PART 1.—GENERAL,

31-850. (1) Batteries are used, in general, for two purposes
in the Naval Communication Service:

(¢) In connection with vacuum tube equipment.
{b) For emergency power supply for transmitters.

Eecelring vace (2) The dry cell and storage ktattery are bqth used in con-
wam tube sep-DNection with vacuum tube receiving equipment. The filament
el circuit is always supplied by a storage battery because a larger
current than can be supplied by the dry cell is required. For
the plate circuit where the voltage is relatively high and the
current of the order of a few miliamperes either the dry-cell or
a special storage battery can be used. In practice, the type SE
8335A dry battery or the Iidison “B 7 bhattery is used for this

Parpose.

Emergency PUrpose.
power supply. (3) The emergency power supply for transmitters is always
obtained from storage batteries because the current demand is
much greater than can be supplied by the dry cell. The storage
battery is frequently used for the filament supply for vacuum
tube transmitters.
PART 2 —1II TYPil SE 23330 DRY BATTERY.

Decription. 31-831. (1) The type SE 8535A dry battery has been developed
especially for use as the plate voltage supply of receiving vacuumn
tube equipment. It has u rated voltage, when new, of 22.5 volts
and will deliver a current of approximately 4.3 milliamperes over
a perivd of 34 days before the voltage is reduced to 17 volts,
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measurements be‘ng made by a voltmeter across the terminals of
the battery while it is discharging at approximately the normal
rate. The average discharge voltage is 19.2 volts. The internal
resistance is 315 ohms and the ampere-hour capacity 3.54.

(2) The battery is hermetically sealed and water proof. Three
leads are brought out from the case, one from each end and one
from the middle. The positive lead is red and is further desig-
nated by a plus sign stamped in the compound near the lead.
When one-half the battery is used (either end lead and the cen-
ter lead) the lead in the center becomes negative or positive ac-
cording as the positive or negative end lead is used for the other
lead.

31-852. These Dbatteries have a low rate of deterioration on
the shelf and are, in this respect, greatly superior to other types
of dry batteries. Datteries held in stock over a year have proved
to be in excellent condition when put into service, but it is not
wise to carry a quantity in stock for a longer period than is
reqnired to meet the demands of the service. IFrequent small
shipments from the central supply depot are preferable to less
frequent shipments of large quantities.

51-853. The S 8535A battery will supply suflicient current for
the plate circuit of any piece of receiving apparatus including the
multi-stage amplifier and will function properly and efficiently on
the latter for at least one month. When used with apparatus
which employs only a few vacuum tubes, stch as a vacuum tube
Getuctor or a detector tube and one 2-stage amplifier, the current
drawn from the battery is less and its life prolonged in pro-
portion. Intermittent duty also prolongs the life since only the
actual ampere-hours used are to be deducted from the total
ampere-hours available in the battery.

31-854, It is important that the batteries be used in order of
their receipt, that is, the oldest first, so that those held in stock
will be reliable. This battery should not be tested by shorting
because this will appreciably reduce its life on account of the
small size of the cells. The proper method of testing is to put
the battery in service and read the voltage by a voltmeter con-
nected across the battery terminals while the battery is dis-
charging. If up to standard, repeat after approximately 1,000
tube-hours use, which is equal to continuous service on a 6-stage
amplifier for one week, If the voltage is then less than 20 volts
the battery is poor and should be renewed as soon as unsatisfac-
tory results are obtained from it. The voltage under the condi-
tion noted, namely, after 1,000 tube-hours use, should be approx-
imately 20.5 volts, A 6-stage amplifier draws a current of ap-
proximately 4.3 milliamperes from the battery.

21-855. Defective or run down batteries are indicated when the
filaments of the tuhes must be burned above normal brilliancy,
when the back coupling must be tightened more than the usual
amount, or both, and when the amplitier or detector circuit be-
comes erratic in its behavior and a frying or hissing tone or noise
is heard in the telephones. The hissing or frying noises may also
be caused by a poor contact or defective tube but it is generally
an indication that the battery is exhausted. As soon as it has

$3156°—22 12
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been definitely determined that a battery is exhausted it should
be replaced by a fresh one. Worn-out batteries are of no further
use.

ns:“””ss"y 31-856. The fact is emphasized that the battery will discharge
whenever the filament is lighted and the plate ecircuit is closed.
For this reason, among others, the filament should not he lighted
except when necessary for receiving. Satisfactory service can
not be obtained from the SI2 35354 battery after the voltage has
dropped below 17 volts on discharge.

Btorsge. 31-857. Batteries in stock should be stored in a cool dry place
with the side having the sealing compound up. Care should be
taken also that no battery is accidentally short-circuited by the
leads touching, and thereby run down.

PART 3.—THE EDISON “ B BATTERY.

Edison  “B”  37-838. (1) A special storage battery has been developed by the
battery. Jidison Co. for use in the plate circuit. The cells are made very
small and 48 are connected in series to give a normal discharge
voltage of 60 volts. The charging rate is one-half ampere for 7
tours when the battery is fully discharged. The characteristics
and methods of care and upkeep for this battery are not given
here as they are similar to those described elsewhere in this
manual in the general discussion of the Edison hattery.

(2) The Edison “B*” battery has the advantage over the dry
battery in that it can be kept in good condition hy proper care
and charging when needed. On the other hand the type SE 8535A
dry cell occupies but little space but has a disadvantage of a
comparatively short life and after exhaustion must be replaced
by & new battery.

PART 4-—TTHE EDISON “41" BATYERY,

Bdtson A" 31-839. It was stated above that a considerable current at a
Lattery. low voltage was required for lighting the filaments. The 6-volt
storage battery (either the Edison or the lead-acid type) is used.
The Edison battery is rated at 73 ampere hours, while the lead-
acid type of battery generally used has a capacity of either 80
or 100 ampere hours. A fairly high capacity battery is preferable,
especially where multi-stage amplifiers are in use, in order to
maintain the required veltage for a reasonable length of time
and to reduce the frequency of charging,

31-860. Special hattery charging panels have been supplied to
ships using 120 volts direct current so that the batteries may be
charged from the ship's circuit. At a number of isolated places,
chiefly radio compass stations, it is necessary to use small aaso-
line engine driven generators for this purpose, and at other instal-
lations where alternating current power must be utilized various
forms of rectifying devices have heen provided. The charging
and maintenance requirements of these batteries differ in no
essential way from those for the usual power battery and will
therefore not be taken up here.

Charging units.
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PART 5.—-POWER STORAGE BATTERIES.

31-861. Storage batteries are very generally used to provide
an emergency power supply on shipbeard fer radio sets where an
emergency power supply is essential. The lead-acid type of bat-
tery has been used exclusively for this purpose. Such batteries
are supplied in four sizes, namely, 40 ampere hours, 80 ampere
hours. 146 ampere hours, and 240 ampere hours, the voltage being
120 volts in each case. The size of battery is selected in accord-
ance with the size of the set to he operated, which range from
one-fourth to 5 kilowatts. Each 120-volt battery consists of a
group of conveniently sized trays, each tray usually consisting of
three cells. The travs are grouped together in a convenient and
suitable location especially adapted to the purpose.

31-862. Storage batteries are used to operate the dynamotors of
the type CW 936 telcphone sets, the dypamotor geverating the
high voltage necessary for the plate circuit. Storage batteries
are also used to a considerable extent on aircraft to operate the
smaller transmitters as well as the receiving equipment.

31-863. The following is a list of the storage batteries now in
general use in the Naval Radio Service:

EDISON,
- ‘ Ampere -
Type No. Voltage. | hollg)rs. ! Tse.
¢ ! 75 Filament lighting.
4.8 12.5 De.
[dUN 2.5 . Plate supply.
0 2.5 Do.

LEAD-ACID.

]
BAD eiieeeecccceciciaaaanas 140—110' 13 | -kilowatt emergency spark
| transmitters.
RADF i 120 £0 { 3-kilowatt emergency spark
1 transmitters.
) 179 225 SO 120 140 | 1-kilowatt emergency spark
! transmitters.
RAD-2.ciieecicieanaanns 120 2102 and 5 kilowatt emergency
| spark transmitters.
32 40 | CWV 436 telephone.
12 60 | Aireraft radio.
12 40 Do.

31-864. The operation and the faults and remcdies of storage

31-177

Pescription,

Purpose.

Types.

Detailed In-

batteries, both the Edison and lead-acid types, are given in detail structions,

in the chapter on storage batteries.
SectioN VIIL.—FiELD SETS.
PART 1.~—~GENERAL.

31-875. Field sets are used in the Naval Comimunication Serv-
ice to establish radio communication between a landing party and
the ship, between landing parties for point to point radio com-
munication on shore, and also for emergency transmitters on
board ship.

31-876. The equipment includes all the apparatus necessary to
establish a transmitting and receiving station independently of the

Purpose.

Equipment,
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locality selected. The 500 cyele quenched-spark transmitter is
used at present for this purpose and the power for driving the
500-cycle alternator is supplied by (a) hand generator, (b)
gasoline engine, and (c¢) direct current motor.

(2) A complete mast. anteuna, and counterpoise, togetiter with
transmitting and receiving equipment and spare parts, all ar-
ranged in portable form, constitute the field set.

Theory. 31-877. The theory of the transmitter is the same as that given
for the Navy Standard 500-cycle quenched-spark transmitter.
The receiving apparatus is similar to that already described
under “Receiving equipment.” The antenna and ground system
is different from the usual type only in the fact that it is of the
umbrella type, portable, and employs a counterpoise. A descrip-
tion of the i-kilowatt portable radio set, type ON 233, follows:

PART 2.—DESCRIPTION,

Apparatus. 31-878. (1) The }-kilowatt portable radio set consists of four
parts:
(@) Portable mast.
() Parts for mast, portable antenng and counterpoeise.,
(¢) Transmitter and receiver,
(d) Power system complete,

(2) A hand cart for the transportation of the s&t is algo
supplied.

Portable mast. 31-879. (1) The portable mast consists of 6 poles. Two pike
poles are supplied for use in erecting the mast and two canvas
bags to cover the ends of the poles when packed.

(2) The mast is secured at its foot by an anchor spike equipped
with bolt and nut and pipe to hold the lower end of the pole,

(3) Tour guy lines on reels are suppiied for holding the mast
in a vertical position. One of these is a heavy line for use in
lifting the mast and iz used as the forward guy. The latter guy
line is permanently fastened to the guy distribution plate. Four
long spikes for the pole guys and six small spikes for the antenna
guys are a part of the equipment.

Antenna. 31-880. (1) The antenna is of the 6-wire umbrella type. Each
antenna wire is wound on a hand reel and is equipped with cord,
insulators, and a device for attaching the wire to the mast.

Rattail. (2) The rattail is wound on a reel and equipped with cord,
insulator, and a snap hook for connecting the lead to the in-
sulated distribution plate of the antenna.

The counter. 31-88i. The counterpoise equipment consists of two 4-wire

poise. insulated counterpoixes with attaching piues,

The transmit- 31-882. The transmitter and receiver are assembled in the same

ter and recelver. () ost  An 8-conductor cord with multiple plug at each end for
connecting the power unit to the transmitter, a single conductor
cord with plug on one end and with suspender clip on the cther
for connecting the antenna to the plug marked “ant” on top of
antenna loading coil IV, a single conductor cord for connecting
the counterpoise plug to a bulkhead or other direct egroiind only
when the set is used on shipboard are supplied. In addition, a
pair of telephones, spark-gap tester and an oscillation trans-



RADIO PLANTS. 31-179

former tool for removing or inserting the plugs on the end of the
wave-changer connectors are a part of the equipment.

31-883. (1) The power system consists of an alternator with c;{m power sys-
exciter on a sliding base with a coupling on each end of the
alternator armature shaft, an internal-combustion engine with
built-in magneto, oil and gasoline tanks, crank and governor, &
direct current motor for sliding base with coupling on one end of
armature shaft and varvious attachments, boxes, and stands.

(2) The engine of the power supply system is a single eylinder Engine.
4-cycle, air-cooled, three-fourths horsepower, 2,500 revolutions per
minute machine. A governor is provided which keeps the speed
within the specified limits. A built-in magneto is used for igni-
tion. An oil tank with gauge is provided and a gasoline tank
with shut-off petcock are provided. A ‘ compression release” is
provided for starting and stopping the engine.

(3) The alternator is practically a hand generator. No means Alternator.
are supplied for disengaging the gears when the engine is used.

The alternator voltage is controlled by a rheostat in the exciter
field, the exciter voltage being 70 volts,

(4) The direct current motor may be included in the landing- Moter.
force equipment and coupled to the alternator when the latter is
being run by the gas engine. The motor then operates as a
generator for lights. The gas engine will run the alternator un-
der sending conditions without trouble but, if more than one light
is supplied from the direct current motor acting as a generator
with full load on the radio set at the same time, the engine will
overheat. A switch is provided for use when the direct current
unit is being used as a motor or as a generator. A portable light
with cord is also supplied which may be plugged into a receptacle
on the power unit frame.

(5) The following power combinations may be used by proper Mn‘;mil; ; com=
combinations of engine, alternator, and D. C. unit:

(a) Alternator driven by engine,

(b) Alternator driven by motor.

{¢) Alternator driven by hand power.

(d) Alternator and D. C. unit driven by engine.

PART 3.—OPERATION.

31-884. The site selected for the erection of a station should ‘S"‘"’c“““ of
he fairly level and free from undergrowth. It is preferable to set
up the station in a clearing as far as possible from large trees.
The site should also be selected so that the line connecting the
field station and the station with which it is to work is as free
as possible from large obstructions to the passage of the trans-
mitted wave. For example, large hills and heavily wooded areas
in the line of communication should he avoided. The use of
the counterpoise permits a considerable latitude in the selection
of the site because the counterpoise makes the set independent of
ground conditions. Nevertheless very rocky soil should be avoided
when possible,
31-885. The mast is of the guyved type and is quite flexible, but Erection of
will break or jam at the joints if the mast is not properly erected. mast.
The mast should be erected in the following manner:



31-180

CHAPTER 31,

(1) Drive main stake (the one with the yoke and bolt) using
the wooden mallet.

(2) Connect sections 1 to 6 inclusive of the mast, No. 1 being
the bottom section. The mast is laid out on the ground in line
with the steel tubing in the yoke on the main stake. The brass
guy distribution plate is placed between sections 4 and 5 and the
three separate guys (back guy and two side guys) are snapped
in place on the plate. The fourth guy (forward) is already
attached.

(3) Insert in the lower end of the completed mast the piece of
steel tubing on the yoke. The mast is then connected by the bolt
to the U-shaped piece driven in the ground and is now hinged
to the main stake.

(4) Drive one large iron pin on each side of the mast and
about 20 feet from the main stake in a line at right angles to the
mast. Attach the two side guy lines to these pins adjusting the
tension by the tent slides provided. These guys prevent sliding
and swaying of the lower section during erection of the mast.

(5) Drive another large iron pin in the ground near the point
where the third and fourth sections of the mast are joined (when
the mast is lying on the ground). Attach to it the back guy line
estimating the tension adjustment of the tent slide by that previ-
ously found for the side guys. Drive remaining large iron pin
about 20 feet in front of the main post and in line with the mast.
Unreel the front guy (erecting line), adjust heavy guy line per-
manently attached to the guy distribution plate and lay it on the
ground alongside the mast toward the last large iron pin driven,

(6) Insert insulator in the top of the mast and attach the six
antenna wires and the leading down wire. Two of the antenna
wires are now unreeled to their full length including cord, one
on each side of the mast and fastened to two small stakes. These
stakes are in line with the first two driven for the side guys and
the two antenna wires are laid out in the same direction as the
side guys thus forming additional side guys for the top section of
the mast to prevent side sway. Unreel the leading down wire an:l
lay it alongside the mast in such position as not to be in the way
when the mast is being erected. Unreel partly the four remaining
antenna wires and lay the reels on the ground, two on each side
of the base of the mast.

(7) Connect together the two pole sections marked * pike” and
insert in one end the yoke piece having the wocden stem.

(8) One man is now detailed to raise the mast about 8 feet at
the point where the guy lines are attached by lifting the mast by
hand. A second man is now detailed to place the voke of the
pike pole under the mast immediately under the lower side of the
guy distribution plate. The first man now leaves the mast in the
hands of the pike man and takes hold of the heavy forward guy
at the far end (near the larger iron pin). The two men now lift
the mast, working together until it is perpendicular. It is then
held in this position while the back stay is adjusted to have the
proper tension and the forward erecting line is attached to the
large iron pin and adjusted for tension,
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(9) Unreel the four remaining antenna wires and make them
fast to the four small iron pins provided. The antenna wires are
to be equally spaced at an angle of 60 degrees between the wires,
The tension on the antenna wires is then adjusted, one at a time,
with such readjustments as are necessary to make the mast
stxaight.

(10) Unreel the counterpoise wires, taking care not to kink
the wire. The wire should be laid out from the base of the
mast, making an angle of approximately 45 degrees with each
other.

The antenna wires should be unreeled by grasping the reel
by the handle and walking away from the mast. If three men
are available for erecting the mast the third man can aid in the
erection by pulling on the antenna wire in line with the forward
erecting guy.

31-886. The instructions for taking down the mast are as m;rg;:f down
follows:

(1) Reverse the order of procedure given for erecting the mast
except that the man with the pike will “catch” the mast when
it is part way down on the upper side of the guy distribution
plate instead of on the lower, so that the pike will not slip on
the mast. After the mast is down it is well to reel up all wires
and guys, as the reeling can be done more easily when these are
still attached to the mast. In reeling up, hold the reel by the
handle and revolve the reel by using the short piece of brass
tubing provided as a handle, Do not attempt to wind up the
wire by hand, but use the reel, turning it over and over in a
direction away from the body. Keep a slight tension on the wire.

(2) Great care should always be coxercised in handling the
counterpoise and, when reeling in, do not allow the counterpoise
wire to kink. The wire should be wound on the hand and elbow
with a long, free motion, Do not drag the wire on the ground—
walk up on it as it is being reeled in.

31-887. (1) This apparatus should be located close to the foot T r 2 ns mitter
of the mast. It may be raised above the ground for easy oper- :l:‘élst.”“h"
ation by placing it on suitable supports. The box is then opened.
The frout portion of the chest may be slid out. This leaves the
entire front part of the case open to the operator, making it
easier to send and receive. The wing nut permanently attached
to the removable front cover may be used to attach the latter
to the cover of the transmitting case, so that the top part of this
case may be held in an upright poesition during use. Means are
provided for holding the top open securely (when opened to the
00° position), so that it will not accidentally close during
operation.

(2) The antenna lead-in and counterpoise connections can then Connectlons.
he made to the transmitter and receiver case, as well as the 8-con-

(8) The transmitter and receiver are similar to the usual Navy  Transmitter
apparatus. A complete diagram of the connections is secured on dnd receiver.
the left-hand side of the box. In addition a complete set of
operating instructions is turnished with each set. The transmitter
has a wave-length range of from approximately 200 to 1,200
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meters with the standard portable antenna snd is provided with
an inductive coupler and wave changer. The primary circuit
is adjusted to the following 5 wave lengths: 450, 600, 750, 950,
and 1,200 meters. Any other wave length within the range can
be used. It is usual to use a fixed coupling between the primary
and secendary coils of about 3 inches, as this allows room for any
necessary variatipn in the coupling. The procedure for tuning
has been covered in section ITI(A), part 3.

Power unit. 31-888. (1) The power unit for field work is usually driven hy
the gasoline engine. The following is the procedure for operating
the engine:

Smﬁ‘}.ﬂ“ns ¢n-  (a) Fill the gasoline and oil tanks, Open petcock in gasoline-
supply line. Depress compression release saind shut off the main
air inlet of the carbureter by the button provided, so that a richer
mixture may he obtained in starting.

(b) Crank engine at a high speed and release the compressjon-
release rod as soon as the engine starts to run by its own power;
also open the main air inlet and remove crank,

,Stopping en~ (2) To stop the engine:
g.ze. (a) Press the compression-release rod until the engine
comes to rest,
(b) Shut off the gasoline supply to the engine by closing
the petcock in the gasoline-supply line.
Hand crank-  31-889. When the alternator is driven by hand the compres-

ing. . . .
& sion-release rod on the gasoline engine should be kept depressed,
as otherwise the compression will make cranking very laborious.
PART 4.—FAULTS AND REMEDIES.
Gexzeral. 31-890. The faults that may occur in either the transmitter or

receiver have been fully covered elsewhere in this manual, The
power unit may develop the following faults:
Failure of the  31-891, (1) This is usually due to exciter trouble. The brushes
generator {o gen- . . .
erate. are either not making good contact with the commutator or the
commutator is dirty. A small piece of sand paper is supplied
with each set for the purpose of cleaning the commutator. It
should be held lightly against the commutator while the armature
is revolving. This will generally remedy the fault. In case
this does not remedy the difficuity the brushes should be care-
fully cleaned. If now the alternator does not generate the
exciter and alternator field circuits should be inspected for open
circuits., The exciter can be tested with a 110-volt lamp. If the
exciter is found to be in good condition the alternator armature
may be defective. Spare parts supplied with the sct are ample
to repair any ordinary breakdown,
gm*"eﬂiggflfn;f en- 31-892. (1) Failure of the gasoline engine to operate may be
due to—
(a) Lick of gasoline.
(b) Toor adjustment of carbureter (rare).
(¢) Faulty ignition, due either to fouled spark plug (usual)
or a fault in the magneto (rare).
(2) The speed obhtained by cranking is always suflicient to
start the motor unless one of the faults just mentioned exists.
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(3) If the gasoline engine runs but not at a sufficient speed to
give 500 cycles from the alternator it may be due to—

(@) Poor adjustment of carbureter. If the choke is closed the
engine will receive a rich mixture and will not develop full power.
Open the choke and if the engine does not run at a high enough
speed adjust the carbureter.

(b) Governor may be sticking.

(¢) If the direct-current motor is coupled and is carrying a
load at the same time that the alternator is being used, the engine
will be overloaded and will not develop sufficient speed.

(d) Do not run the engine if no oil appears in the oil gauge
beneath the magneto.

31-893. Do not use more than one light on the direct-current
generator with full radio load being drawn from the alternator
by the radio set because the cngine will overheat. One light only
can be used under these conditions.

31-894. When the set is being used on board ship and is driven
by the gasoline engine the exhaust gases should be removed from
the compartment rapidly.

31-895. The counterpoise has a heavy insulation to prevent itt

from grounding. In case a kink or break in the insulation occurs
the break should be taped carefully with rubber and empire cloth
tape.

81-896. The 1-KW. portuble field set is ruggedly built and will

o
—
|
fmd
0
()

Lack of eil.

Lighkts.

Exhaust gaset,

Care of coun-

erpoise.

General 1n-

spection and

stand a moderate amount of handling such as is encountered in care.

ordinary service. Broken connections, loosened supports, and
other faults will develop if the set is handled roughly ; therefore,
care in the transportation and storage of the set should be exer-
cised. After use in the open or after exposure to sea air, rain,
ete., the set should be carefully cleaned and dried and put into
condition for use with the next landing party.

SectioNy IX.—Rapro Coxprass EQUIPMENT.

PART 1.—GENERAL.

31-900. The purpose of the radio compass is to permit the de-
termination of the absolute direction and geographical position
of a radio transmitter. The principle involved in both ship and
shore radio compass installations of the U. 8. Navy is the same
while the operation and equipment of the two types of instatlation
differ slightly on account of the particular requirements.

21-001. The radio compass station on shore is located at ad-
vantageous points along hazardous coast lines or at important
harbor entrances for the purpose of providing bearings from
known positicns to the vessels navigating in the vicinity. Where
two or more stations are located adjacent to a particular harbor
entrance, two or more simultancous bearings of a vessel may be
ohtained, thus furnishing a fix which will enable the vessel to plot
its position. This is accomplished by building stations in groups
of two or more and connecting them by telegraph or radio and
by using one of the stations in the group us a central stationm,
where the observed bearings are plotted and then forwarded to
the vessel.

Purpose.

Shore statlons,
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Wave length, 31-902, The wave length alloeated to shore radio compass traffic
is 800 meters, All radio compass work with shore is conducted
on this wave length alone.

Ship stations.  31-903. (1) The radio compass has been installed on certain
types of Naval vessels for the purpose of enabling commanding
officers to determine the true bearing from the vessel to another
vessel or to a radio station on shore. Such installations determine
along what line a given transimnitter lies, but do not indicate the
absolute direction. This is due to the fact that the radio com-
pass receives equally well from two diametrically opposite points
and, for this reason, there exists an ambiguity in direction of
180°. 1In order to determiue direction it is necessary (hat the
observing vessel make two observations with a run between. When
the course and bearings are plotted, the position of the transmitter
is indicated by the intersection of the two lines of bearing.

(2) The radio compass aboard ship determines the direction of
the transmitter relative to the heading of the ship: therefore, to
obtain the true bearing, the heading of the ship must be observed
simultaneously with the radio comipass bearing and applied to the
latter.

(3) The 180° ambiguity also exists in the shore station instal-
lations, but, due to the fact that a bearing from a vessel would not
come from inland (there are a few exceptions to this in the case
of river navigation when the vessel is near the mouth of the
river), this discrepancy would not oceur. The possibility of the
direction of the line of bearing heing in error by approximately
180° is entirely eliminated in the case of group stations, hecause
the intersections of the lines of bearing would indicate in which
direction the transmitter is located.

Degree of ac-  81-004. The possibility of obtaining satisfactory results with the

earacy. radio compass on shipboard has been established by the experience
cf numerous navigators. It is more difficult to obtain an accu-
racy comparable to that obtained at shore stations on account of
the metallic structures in close proximity to the coil system, the
dissymmetry of the vessels as well as of the lack of experience of
the radio personnel. Despite these adverse conditions it is entirely
possible to obtain radio bearings having the same degree of
accuracy as that obtained by the usual means of navigation.

”f‘)’;“{“{‘w‘q‘;lx; 31-905. In order that the desired conditions just mentioned may
be the rule rather than the exception, it will be necessary for
officers in charge of the installation, calibration, and operation of
the radio compass equipment on ship and shore to make certain
that the installations are made in conformity with the standard
practice, that the calibrations are conducted with extreme care
and accuracy. and that the cquinment is operated intelligently at
regular periods, in order that the personnel may become expert
and reliable.

PART 2.,—THEORY.

Antenmaisnon- 31-906. The antenna of moderate horizontal dimensions is non-

directlonal. . . I . . .
directional. This can be proved by moving the radio transmitter
s as to make a complete circle about the receiving auntenna and
plotting the emf induced in the antenna against the angular posi-
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tion of the transmitter. The resulting polar diagram will be a
circle showing that the emf induced in the antenna is the same for
reception from all divections. Therefore, the signal will not vary
in intensity and the direction of the transmitter can not be
determined.

31-907. (1) If a loop consisting of several turns of wire wound
on a fairly iarge form is arranged for receiving, as shown in
firuire 81-45, so that it can be rotated on a vertical axis, the loop
wiil make a varyving angle with the direction of the source of
electromagnetic waves produced by a fixed radio transmitter. If
the emf induced in the loop is plotted in a polar diagram against

AXIS
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Fic. 31-45 —Arrangement of radio-compass coil and apparatus.

the angular position of the loep, the resulting curve will be
similar te that shown in figure 31-46. This is called the figure
8, or bilateral characteristic curve of the lcop. Figure 318
shrows a top view of the coil and the dial which is securely at-
tiched to the vertical shaft of the loop. The pointer in this
case is set on the mnorth-south line. It will be seen from the
position of the figure 8 curve that a maximum signal will be
received when the transmitting station is either east or west
of the loop—that is, when the plane of the loop coincides with the
eaxt-west line. Now, if the transmitting station were on the
north-scuth line it would not be heard., Thus it is clear that two
maximim and minimum points are passed through as the loop
is rotated through 360°,

31-185

Directional
charaeteristic of
loop.
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Emf’s in loop,  (2) The electromagnetic wave from the transmitter passing
through the loop induces in the vertical sides of the loop equal
emfs which are slightly out of phase. The resultant emf, which
is extremely small, sets up a flow of current in the loop. This
carrent either lags behind or leads the electrical component of
the wave by 90°,

mti‘}ﬁi'{:“&gm‘{ (3) The maximum signal will be reccived when the plane of
pesitions, ~ the loop coincides with the line of bearing of the transmitting
station. As the loop is rotated from this position the signal will
decrease in strength, finally becoming zero when the plane of
the loop is at right angles to the direction of the source. The
maximum signal method of determining direction is not used in
radio compass work because the bearing cannot he determined
very accurately. This is made clear by the shape of the
characteristic curve. It will be seen, however, that the point

TRANSMITTING STA- N
TloN-\SgOIL IN POSITIOND
TO GIVE ZERO SIGNAL;

BEARING READ WiLL
. BE O°

)

DAL IRECTION OF COIiL

ROTATION

STRENGTH OF SIGNAL

——ar

TRANSMITTING STATION

(Coit PLACED TO GIVE MaAx-
IMUM SIGNAL. {F COIL IS
ROTATED TO GIVE ZERO
SIGNALBEARING READ WILL
BE 90°)

Fi15. 81-46.—Top view of radio-compass coil and dial.

of zero signal is very sharply defined and for this reason the
null method is used for determining direction.
pug‘rgg;ff‘ﬂ 8z~ 31-00S. The previous discussion relates to the theory of an
ideal compass system acted upon by an undistorted electromag-
netic wave. This condition is not realized in actual practice.
The departures from the ideal compass are due to the defects or
ronsymmetry of the apparatus itself and to the distortion of the
electromagnetic wave hefore it reaches the coil. The defects and
ronsymmetry of the apparatus can be compensated for to a large
extent. The distortion of the wave, due to refraction, diffric-
tion and reflection can be partly eliminated by a proper choice
of the location of the station.
Maximum 31-909. It was stated above that all bearings are obtained by

method rsed o . el oy s
air erafl. nobservmg the position of the coil in relation to true north when
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the minimum signal is being reached. This holds for all ship
and shore radio compass stations but not for aircraft installa-
tions where the maximum method is frequently used; therefore,
in order to make an accurate observation, it is essential that the
minimum be clearly defined and cover as small an arc (zone) as
possible, er better still, that there be a point on the arc at which
no signal is heard (null point) such that the slightest change from
this will result in the signal being heard.

51-910. The above applies to a perfect compass. In practice
the null point is seldom found, but in its place there is either a
zone of minimum signal or a zone of silence caused by the non-
symmetry of the apparatus, reradiation, and intensity of signal,
ete. The length of the zone of silence is decreased as the signal
strength is increased. The breadth of this zone determines the
possibie aceuracy of the equipment. Therefore, by the proper de-
sign of the cirecuit and with sufficient amplification this zone of
silence can be reduced to approach the null point as a limit,

31-911. The most ccmmon cause for the destruction of the null
point in the practical radio compass is the antenna effect. This
effect is due to the electrical dissymetry of the radio compass
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Fi:. 31—47.—Diagram showing electrical dissymmetry of the practical
radio compass.

circuit. Consider figure 31-47 where the radio compass coil is
installed above a symmetrical Faraday cage containing the receiy-
ing apparatus and the operator. The terminal from the vertical
side of the ceil marked La i3 connecied to the filament of ths
vacuuln tube of the receiving apparatus (detector or amnptifier)
while the side marked Lo is connected to the grid. An electrical
dissymimetry exists on account of the unequul capacities to ground
of the filament Ca and of the grid C» caused mainly by the prox-
imity of the filament battery to ground. This unbalancing of
the circuit permits the coil to function additionally as an open
osciliator. Therefore, when the plane of the coil is at right angles
to the direction of the propagation of the electromagnetic wave
and the current induced in the coil is zero there is also a current
induced in the circuit due to the coil system acting as an antenna.
For this reason the zone of silence is obscured by a residual signal
having a practically constant intensity. This disturbing effect
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is eliminated hy restoring the symmetry of the circuit hy the addi-
ticn of sufficient capacity from the grid to ground to balance
that of the filament to ground. This capacity . is called the
compensating condenser and consists of a small continuousiy vari-
able ajr-dielectric condenser which is thoroughly shielded and has
a very small capacity at zero setting.

31-912. The presence of the antenna effect and the use of an
artificial capacity balance makes it necessary to use extreme care
in tuning the circuit because any adjustment of the compensating
condenser (; will disturb the wave length of the circuit and re-
quire a readjustment of condenser Ci. This change in wave length,
or detuning from resonance with the incoming signal. causes a
shift in the position of the minimum. thereby giving rize tn an
error in the determination of direction.

31-018. More freedom from interference and the possibility of
decreasing the length of the zone of silence is obtained with the
use of a coil system having a very low radio frequency resist-
ance. A low resistance circuit is especially important when
the nonoscillating detector followed by audio-frequency amplifi-
cation or the radic-audio-frequency amplifier is used. On the
other hand, if the autodyne or hetercdyne method of re-eption
is employed the resistance of the lcop does not count,

PART 3,—DESCRIPTION.

31-014. There are four standard types ¢f radio compass equ p-
ment in use at the present time in the naval service on ship and
shore, These may. for convenience of description, be classified
as groups A, B, C and D. Groups A and B are sheore stution
instaliations. comprising the standard type SE 515A coil system,
commonly known as the 6-foot coil, a suitable receiver designed
both for oscillating and nonoseillating conditions, audio-frequency
amplifier, compensating condenser and the necessary auxiliary
apparatus. Groups C and D are the present standard for instal-
Iation on destrovers and similar vessels. Group C consisty of the
type SE 995 radio compass coil system, SE 1012 receiver and the
SE 1000 amplifier. Group D, which is the standard type SH 1512
radio compass, comprising the type SH i512 coil and shaft sys-
tem and the type SE 1440 receiver, presents several innovations,
the principal one being the control of inductance in the loop. No
standard compensating condersers have been developed as yet
for groups C and D.

31-915. The type ST 995 radio compass, which was the first
to be put into general use in the naval service, was designed for
determining the direction of a transmitting station employing
either damped or undamped oscillations, within a range of wave
lengths whose limits were 100 and 1,000 meters. This type was
intended primarily for installation on destroyers.

31-016. Subsequently, the type SE 515, superseded by the type
SE 5154, was developed. This was likewise designed for bhoth
damped and undamped wave reception, with an operating range of
from 450 to 1.500 meters. The purpose of this type was for use
at shore stations, whose function is to furnish bearings to all
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types of vessels. These shore stations are located in groups with
ample base lines to furnish accurate cross bearings, enabling a
navigator to determine the position of his vessel.

31-917. (1) The type SI 1512 is the latest type of radio com-
pass for installation on destroyers. In efficiency, it greatly ex-
ceeds the type SI 995, due to the increased dimensions of the
coil system, the improved receiver and amplifier, type ST 1440,
and the novel feature of a switching device for altering the induct-
ance in the coil system, which permits a high ratio of inductance
in the loop to tuning capacity throughout the operating range of
wave lengths.

(2) There are four steps of loop inductance controlled by the
switching knob on the end of the shaft, corresponding to the four
inductance steps on the receiver, The purpose is to enable the
operator after tuning the incoming signal, using the auxiliary
antenna in destroyer installations, as in an ordinary radio
receiver, to throw over to “ compass,” adjust the loop inductance
switeh to correspond with the inductance step used on the
receiver, which tunes the loop to the particular wave.

(3) The wave length range of this type is from 200 to 1.150
meters, and can be used both for damped and undamped waves.

381-918 The component parts of these groups with their type
numbers are listed below.

(1) Shore stations (Groups A and B) :

Group A—
Six-feot  coil system, with direct reading dial, type
SIE 515A.
Receiver, range with above coil, 430-900 meters, type

SE-1440,
Compensating condenser, range 15 to 300 wuf (adjust-
able).

Amplifier, 3 stage audio-frequency contained in receiver,
uxiliary apparatus, comprising communication lines,
power plants, ete.

Group B—

Six-foot coil system, with direct reading dial, type SE
A15A.

Receiver, range with above coil, 450-1,600 meters, type
SE 1012,

Amplifier, 2 stage audio-frequency, types KI5 1000, 10004,
10008, 1000C, or 1600A.

Compensating condenser and anxi
group A.

(2) Ship Ntations (Groups C and D) :
Group C—

Coil system and shaft type SE 995,

Receiver range with above coil system 200-1200 meters
type SE 1012,

Amplifier, 2 stage audio-frequency, type SE 1000, 10004,
1G00B, or 1000C.

Auxiliary apparatus comprising charging panel, gyro-
ccnipass repeater and communication to bridge.

31-189
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Group D—

Coil system and shaft with switech for varying the in-
ductance in the coil, type SE 1512.

Receiver, range with above coil system, 200-1150 meters,
type SE 1440.

Amplitier, 3 stage audio-freguency contained in receiver.

Auxiliary apparatus comprising a charging panel, gyro-
compass  repeater, and communication tubes to the
bridge.

. ;‘:smx!;lgafeﬂ';&? 81-020. (1) Intercommunication between the various radio

tious). compass stations of a group iy ivaintained by means of land lines,
the central radio compass station only bheing equipped with a
radio transmitter. TFor this purpose it is the custom to simplex
the United States Coast Guard telephone lines, thus establishing
a means of communication which is independent of the telephone
circuits, amd in turn does not interfere with the telephone service.
As the current {lowing through a line which may be many miles
long is quite feeble, it is necessary to use a relay to which may
be connected either a sounder or a radio buzzer.

(2) The central radio compass <tation of the group is pro-
vided with a radio transmitter of sufficient power to communicate
with vessels requesting bearings. This necessitates an antenna,
the proper location of which is flportant.  In connection with
thiz there is required (a) a clapper switch for starting the
motor generator, remotely controlled from the radio compass
house; (b) a signaling relay, also controlled from the compass
house: and (¢) an anchor gap which effectively disconnects the
antenna svstem from the transmitter when not in use. It i3
imperative that this anchor gap be properly adjusted since the
antenna system, if connected to earth through the transmitter
which is tuned, would cause serious deviations in the radio
compass,

w{; ‘3““33,“;.1:"“3&‘3 31-921. Intercommunication between the radio compass sta-

tions). tion (after radio room on destroyers). the main radio station and
the bridge, is effected by means of voice tubes.

(w"d:t“:ml“l«:l‘g* 81-922. Radio compass stations having radio transmitters are
supplied with a 3-kilowatt zas engine driven generating plant
and a 120-volt, 210 amphr. storage battery; also one 2-kilowatt gas
engine charging unit for charging the receiver batteries. Those
without radie transmitters are supplied with two F-kilowatt,
20-volt, gas engine driven generating plants, with one set of spare
parts. Stations located within reach of a power line are equipped
with (1) motor generators, (2) mercury rectifiers, or (3) mag-
netic rectifiers, for charging the hatteries. In ship installations
the ship’s pewer mains are used for this purpose.

eu('smz‘mg pan-  31-023. These are supplied in both ship and shore installa-

tions to control the power for hattery charging.

Battories (pow~ o1-924 For the isolated radio compass station with a radio
er). transmitter, a 120-volt. 210 amphr. battery is supplied. Theve are
two types standavd—the Exide and the U. S, Lead.

Batteries (re-  31-925. The 6-volt, 80 amphr. (Edison) or lead plate, is the
ceiver). standard for the A battery. There are two standard types of B
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batteries— (1) The type SE-3535A; (2) The Edison B battery,
types CU-887 and CU-1707.
31-026. The type CW-834 is the standard head set. Telephones.

PART 4.—INSTALLATION OF RADIO COMPASS EQUIPMENT ON U. S. NAVAL
VESSELS,

81-027. (1) The location which has been established as stand- | Destroyer In-
ard on destroyers is in the forward-port compartent of the after stallation.
deck house.

(2) Communication with the bridge is obtained by means of & Commanleation
voice tube and call bell. with bridge.

(3) In the same cowpartment with the radio compass equip- Additlonsl
ment is installed a small auxiliary quenched-spark transmitter of t4uipment.
about one-quarter or one-half kilowatt capacity, with an emer-
geney storage battery and suitable charging panel. In some cases
the storage battery is installed in a locker just across the passage-
way from the compass compartment, otherwise in the same room
with the transmitter.

(4) The various metallie structures surrounding the loop wills“Trr;?:t:‘ﬁtl nO;
produce deviations of varying magnitude unless certain precau- structures.
tions are taken. The stays to the after mast should be broken,
near their upper ends with strain insulators and securely grounded
to the hull of the vessel at their lower ends by means of flexible
copper jumpers. The safety railing placed around the edge of
after deck houses on some destroyers must not extend around the
compass coil house. This railing should end at points several
feet from the coil house, and it is advisable to insert nommetallic
rope horizontal members in place of metallic rail adjacent to the
compass coil house. If the space surrounding the loop is occupied
by metallic lockers or structures of a similar nature, satisfactory
performance can not be expected. Closed metallic loops and metal
structural details in close proximity to the compass coil cause
excessive deviation.

(5) The lead from the after half of the auxiliary antenna 1s Antenna lesd.
brought into the compass compartment for use with the auxiliary
transmitter. This lead should be run through a grounded metallic
antenna trunk, the top of which must be at least 18 inches above
the top of the coil house to the entering insulator.

(6) All radio compass bearings are taken as angles turned from  getting of dial.
the center line of the ship and the bow as zero degrees. In order
that this may be accomplished the dial must have the correct
relative position with respect to the loop. The pointer should be
placed on the underside of the bearing support so that the dial
reading may be easily observed by the operator. The loop should
then be turned so that the plane of the turns is at right angles
to the center line of the vessel and the dial made to register 0°
or 180° and clamped tight to the shaft. In order to place the
dial on the shaft it will be necessary to remove the handwheel
and switeh control knob. These two parts should be replaced in
their former position after the dial has been placed.

(7) The tuning of the auxiliary transmitter is properly a part traTn;lml:tlt:r;g of
of this installation work and may be advantageously accomplished
at thig time.

83156°—22—13
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Amplification. (8) With a wavemeter in Gperation on the upper deck distant
about 6 feet from the loop the various stages of amplification
should be tested. The usual increase for each step should be
checked as well as the tendency to howl. Howling may some-
times be traced to an open loop circuit and in this ease the con-
tact fingers should be inspected.

Oscillation, (9) Both of the receivers used for compass duty should give
strong oscillations over the working range of wave lengths.
Reversed batteries, open loop circuits, er metallic closed loops in
the vicinity of the loop will prevent oscillations. An extremely
sensitive test for the quality of contact at the loop collector rings
consists of rotating the loop while the circuit is oscillating. If
there are neither grinding nor clicking noises an excellent in-
stallation is indicated.

Xmg.uallty ofmin-  (10) It is desirable that some investigation be made as to the
quality of minima obtainable. In extreme cases the capacity of
the compensator may not he sufficient. This should be determined
and corrected before the vessel leaves for calibration.

Calibration for  (11) The dial of the loop condenser should be marked in red

vave length. ¢ the tuning points for the standard waves within the range of _
the apparatus. This dial may then be marked when the receiver
is being used with the antenna.

anlntsytsgag;) nn?s’: 31~-928. (1) The compartment which has been assigned for

sels. Npace re- compass equipment on destroyers represents about the minimum

guirements. space in which such an installation can be made. A compart-
ment at least 6 feet square is desirable if the operator is expected
to stand duty for an appreciable Iength of time. The practice of
installing the compass in the same compartment with the service
radio installation, while being more compact, is not particularly
desirable from the consideration of compass operation. When
it is installed in the radio compartment it is difficult so to carry
the antenna lead that it will not seriously affect the compass.

Symmetry witk  (2) The metallic hull of a vessel has an important influence

respect to the . . N . . .

hull, on the direction of travel of the incoming radio waves. Instead
of continuing in a straight line the waves are bent and tend to
follow the length of the vessel, It is this condition which pro-
duces the major portion of the deviations noted. Therefore, it is
desirable to have the installation so located with respect to the
hull as to distribute the deviations symmetrically.

Height above (3) The advantage gained by any particular height is small,

decke. provided the height is 6 feet or over. This dimension refers to
the loop itself and not to the operating room. and is subject to
the further condition that there be no metallic superstructure
within 50 feet of it, If such a spacing is impossible to obtain at
any peint en the vessel it is advantageous to mount the loop above
all superstructure except the funnels and stacks.

Mast stays. (4) Should the location selected place the compass 1oop in the
vieinity of a mast the mast stays must be broken by strain in-
sulators at a point near their upper end. Ylectrical jumpers
should be attached to the lower end of stays and the metal struc-
ture of the vessel in order that the electrical conditions of these
stays will remain constant,
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(5) Antenna leads will cause wide deviations which, further- Antenna leads.

maore, will vary with different conditions of the antenna circuit.

It is, therefore, extremely desirable to locate the radio compass at

some distance from all antenna leads. If such a location is im-

possible the influence of the antenna lead may be reduced by

carrying it in a grounded trunk to a point above the top of the

compass loop. Precautions will then be necessary to keep the

antenna in the condition obtaining during calibration at such

times that the compass is being used.

(6) If the compartment provided for the instruments is not Electromag.
. . i netic shielding.

of metal it will be necessary to line it completely with a fine

mesh copper screcning. This lining should include the doors

with suitable grounding strips to complete the shield when the

door is closed, and screening over all of the ports.

(7) The loop system should be mounted on the deck over the IOJ;)"B"Y :t‘ez;t“ ef
operating compartment so that the control shaft will extend into
it.

(8) The equipment should be placed within convenient reach Arrangement
of the operator and at the same time well away (approximately of instruments.
4 inches) from the grounded screening or metal bulkheads. The
batteries must be kept above metal decks and the leads run
directly and as short as possible. No two leads should be lashed
together but are to be run separately and well supported.

(9) The tests necessary to insure that the installation is opera-_ Test of imstal-

tive were given in paragraphs (7), (8), {9), and (10), Article ation.
31-927. The installer should lay particular stress upon the condi-
tion of surroundings in giving instructions to the operators. It is
particularly desirable that a system of communication with the
bridge be available in order that the bearings obtained by the
compass may be intelligible, since they are dependent for their
true direction upon the heading of the ship itself.

PART 5.—INSTALLATION OF U. S. NAVAL RADIO COMPASS SHORE
STATIONS,

31-929. The problem of deciding upon the lecation of a compass _ Establishment
station merits considerable study. It should entail a thorough of locatlon.
investigation of the local shipping, the relative position of existing
compass stations or groups of stations and the military value of
the proposed location. Thus, the placing of each station bears an
important relationship to the entire compass system of that coast:
and since the expense involved is considerable, the location selected
should not bhe considered final until every factor has received
attention. Should service requirements make imperative the
placing of a station in an unfavorablce locality from an electrical
point of view a trial calibration should be made.

#1-930. (1) The usual arrangement is a group of stations placed ) rrq ngement
at the entrance of sonie port or harbor. The various stations in 9f stationsis
the group arve interconnected by some method of communication
to a conirol station having o radio transmitter. The stations in
the groups take observations simultaneously upon the vessel
requesting radio compass service. These observed bearings are
transmitted to the vessel to be plotted by the navigator. The in-
tersection indicates the position of the vessel at the time the obser-
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vations were made. If there are more than two stations involved,
the accuracy of the work will be indicated by the precision with
which any bearing crosses the intersection of the other two.

(2) The accuracy with which the intersection of lines may be
determined is some function of .the angle between them. For
acceptable results the angle between compass bearings should not
be less than 20°. Since group stations are expected to give service
up to distances of 100 miles, the condition is dictated that the
separation between the extreme stations of the group be not less
than 15 miles measured parallel to the coast line. With this base
line, equal accuracy may be preserved up to within a mile or so of
the coast. ILocal conditions may requive that a third station be
located in addition to the other two.

31-931. Badly broken coast lines are to be avoided if smoother
ones are available. Operation behind uniform level coast lines is
much more consistent even though this desired condition only
obtains within the immediate locality of the station.

31-932, Sites in the proximity of swamps or where conditions
vary greatly with the weather are to be avoided. A large gully
in the vicinity which is normally dry but which retains water
after a rainfall will generally cause inconsistent deviations., Hills
in the vicinity may produce excessive deviation as may deeply
wooded sections or metallic veins in the earth. If any suspicion
exists regarding such a location resort should be made to a triail
calibration.

31-933. Any structure, the conductivity of which is indetermi-
nate, will produce marked effects upon the operation of a radio
compass within its vicinity. Under this category are communica-
tion lines, metallic towers or buildings, or even buildings con-
taining electric wiring or piping. Two hundred feet, at the least,
must separate the radio compass from any of the above, and in
no case should the structure in question be befween the compuass
and the sea within the working sector.

31-934. The true meridian must be accurately determined at
every station. The methods for abtaining this data are trouble-
some and rather involved when no reference points are visible.
Considerable data may be obtained from the Coast and Geodetic
Survey or the Hydrographic Office pertaining to numerous points
of reference which have been established during their marine
survey work. If any such points are visible from the station much
future labor will be avoided.

31-935. The structures which comprise a radio compass station
include a compass house, quarters for the personnel, a power
house, and a shed for fuel storage. Together with these will be
considered in this chapter the antenna and underground cables.

31-936. The distribution of the various structures will be in-
fluenced somewhat by the size and shape of the plot available.
It is imperative, however, that the compass house be 200 feet to
the seaward of any other structure on the reservation. The dis-
tance between the quarters, power house, and fuel shed should
be about 50 feet in order to reduce fire risk. If an antenna is to
be erected it should be at right angles to the coast line and
centered over the power house,
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31-937. Very specific plans and specifications have been pre-

31-195

Construction

of radio compass

pared for the erection of the radio compass house. That every house.

detail be as planned is most important, since the satisfactory op-
eration of the equipment depends upon the proper surroundings.
The design has been evolved from considerable experience and
study and is not to be deviated from in any detail. The founda-
tions should be carefully placed in order that there will be no
settling or vibration during storms. No metal sheet nor strip
is to be used in the construction of the roof or platform. Before
the floor sills are placed a sufficient amount of underground cable
must be buried at least a foot deep in a trench running under the
house to a point directly under its entrance into the building. A
proper length of cable end should be allowed to extend up through
the floor of the house, with about a foot to spare for splicing. At
the point where the cable leaves the ground a section of pipe must
be sunk to ground water, a stout copper conductor attached to it
and brought up with the cable ends. If it is found impossible
to reach ground water the pipe should be omitted.

31-938. (1) The standard plans provide that a complete shield
be installed inclosing the portion of the building directly under
the cupola. It is particularly important that attention be given
the correct installation of this shield; all joints must be continu-
ously soldered. The shield is to be protected after installation
by an inside layer of finishing boards on the walls and parti-
tion. The partition finish is to extend 4 feet from the floor only
in order that ventilation may be obtained. The communicating
door is to be entirely covered with the screen, and flexible con-
ductors provided around the hinges to the main screen. The
shielding over the windows should be carried around the opening
to the outside before the window framing is placed and then
stretched tightly over it on the outside. The trapdoor to the
loop compartment should not be omitted. Its covering of screen
must make good contact to the ceiling shield by means of copper
bearing strips. The ceiling shielding must be fitted thoroughly
around the under side of the opening provided for the loop
bearing.

(2) After a suitable conductor has been carefully attached to
the floor shield a covering of linoleum should be laid both inside
of the shielded section and in the oflfice.

31-839. It is absolutely essential that a good ground system
be installed at the compass house by burying wires in a manner
gimilar to that employed for transmitting stations, but not so
extensively. The screening of the operating room is to be con-
nected to the ground system at several points by carefully bonded
joints.

31-940. Lead-and-armor cable is to be used for the under-
ground stretches. A suflficient number of conductors must be
provided to suit the conditions. Telephone or telegraph lines
must be run in a separate cable from power or control lines.
The cables should be buried one foot underground if possible and
run in as straight a line as possible between the compass house
and the power house.

Electromag-
netle shielding.

Ground system,

Tustallation of

underground ca-
bles.
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“um:t'lg;ll'wsih 31-941. Two complete wave-length calibrations should be made
and the results plotted on cross-section paper. TUsing the type
SE 1440 receiver with 14 turns on the loop, the wave-length range
‘with the compensating condenser set at zero should be from 500 to
1,000 meters. These values are approximate and dependent upon
variations in the leads to the loop and in the receiver itself.
This test should be made with the key switch on the receiver
thrown to “compass” The SE 1012 receiver may now be set
up and the number of turns on the loop reduced to 10. Several
curves must be plotted for this receiver for the various secondary
inductance taps, The ‘“unilateral-bilateral” switch should he
thrown to “bilateral” and the “tuned-untuned” switch to
“tuned.” During these calibrations the various steps of ampli-
fication should be tried. The driving source for the work may be
a wavemeter placed on the floor of the loop compartment.
Test for osell-  31-042. A complete test should he made with both receivers for
attons. . . . s . . o
oxcillations.  No difiiculty should be experienced in obtaining
them on any inductance tap or at any point of the condenser.
During the test for oscillations the loop should be orientated
and no noises should he heard from poor contact in the slip
rings.
mu‘;;’ft for minl- 81043, If all tests of the receivers have heen favorable, the
amplification should be increased to a maximum and several
bearings taken on any signals which may be heard. Two very
distinet minima should be observed.
R OE"’:‘";)“L:E:‘S“;;L‘;; 31-944. When the tuning and compensating condensers have hean
condeuser, carefully adjusted and with receiver oscillating, minima should
be obtained on near-by transmitters not over one-tenth dezree
wide with complete silence in this region (assuming there is nn
interference). After the cowmpletion of the tests the SE 1449
receiver with 14 turns on the loop should be left as the standard
arrangement.
Communleation  31-945. Actual communication should be carried on to insure
Tastruments. that the lines are operative.
Roened of 31-046. A complete record should be made in Form N. Eng. 23
equipment. of the entire equipment, including type and serial numbers of the
instruments, whether a complete set of spares has been provided,
and any patticulars which pertain to the instaliation -and are at
variance with standand.

Performance 31-947. Under th's heading may be mentioned antenna radia-
data. tion, character of minima, receiver calibrations, and any other
data which will be of value for future comparison.

Geperal infor-  81-948. (1) A record should be made of the surrounding land,
mation regard- . . ers P
iug station, structures and their relative position. data pertaining to trans-
portation facilities available, names of agents supplying fuel and
su'pp'lios. This report is to be kept as a part of the files of that
district, hecause much valuable time may often be saved if this
information can quickly be obtained.

(2) After the calibration of the station has been completed,
the hearings of reference points employed during the work should
be made a part of this report. thereby collecting all of the data
pertaining to thatr station under one cover,
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PART 6.—CALIBRATION OF SHIP RADIO COMPASS INSTALLATIONS.

- 81-949. (1) The fact that the electromagnetic wave front is
distorted in passing over a vessel’s hull has been well established.
The purpose of calibrating the radio compass on shipboard is to
determine the magnitude of this distortion, technically known as
deviation; also the direction in which the bending takes place,
in order that these deviation values may be applied in subsequent
operation of the radio compass. In practice these deviation
values are the only correction that need be applied to radio-
compass observations.

(2) Effective operation of the radio compass requires a certain
amount of skill on the part of the observer. which can not be
expected of an unirained man. This skill can be developed only
by constant application of the proper operating methods.

(3) An idea of the utility of the radio compass should be borne
in mind. The most important fact to be remembered is that the
radio-compass bearings are relative bearings and that, in order
to obtain the true bearing of a radio transmitting station, the
heading of the vessel must be known. The present day radio
compass on shipboard has reachied such a stage of development
as to he comparable in accuracy to other instruments indis-
pensable to the navigator and its worth has been conclusively
demonstrated under conditions as would render other navigation
methods impotent. The potentiality of the radio compass as a
military asset and as a device {or locating vessels in disiress has
likewise heen well established.

(4) As the effectiveness of future operation depends greatly
upon the accuracy of the calibration, the necessity for painstaking
care requires no further comment.

31-950. The general scheme of calibration consists in the orien-
tation of a radie transmitting station about the radio compass
while simultaneous observations are taken both visually and by
radio compass. It is assumed that the ambiguity of the radio
compass (that is, the fact that two bearings, approrimately 180°
displaced are obtainable) is common knowledge. The fact that
the two bhearings are only approrimately 180° displaced is the
most important fact to be remembered. Therein lics the difficulty
of utilizing the bilateral compass on shiphoard, where the operat-
ing sector is 360°. This difliculty has been overcome by utiliz-
ing what is known as the half-scale method of calibration
To understand this method clearly, picture the calibrating vessel
commencing her circuit of the vessel about to be calibrated at
the bow and moving in a clockwise direction. IFrom a position
dead ahead to a position astern (0° to 180°) the radio compass
hearings differ from the visual bearings only by the amount of
the deviation. When the calibrating vessel has reached a radio
compass bearing of 180°, the coil system is rotated to the region
of 0°, and the bearing noted. This bearing, known as the re-
ciprocal bearing, will not be exactly 0° when the direct bearing
was 180°, due to the fact that tlie two minima are not exactly
opposite, The calibration is continued in this manner on the
port side of the vessel, the visual bearings of from 180° to 360°
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corresponding to a second set of radio bearings of from O0°
to 180°,

(2) In the above description the 180-degree sector to he used
was selected arbitrarily, but in practice certain peculiarities of
the station should be used as a guide in this selection. It will
usually be found that one minimum is much sharper than the
other, except at two opposite points, where the minima are prac-
tically alike. Between these points the sharper minima is al-
ways on the same side; i. e, with the grid end of the coil in the
same general direction, regardless of the side from which the
wave approaches. In general, the minima are poorest between
these axes of symmetry and best in their general direction. On
new type destroyers the axis of synunetry usually bears about 30°
and 210°, the sharper minimum occuring when the grid end of
the coil is toward the starboard side of the vessel. In this
“sharper sector” less capacity is required for compensation, and
it is the logical sector to adopt for a half-scale calibration.

(3) In this way only one of the two possible minima of the
compass is utilized for the complete circuit of 360°, although
there are two relative or true bearings corresponding to any radio
bearing. In practice, it is impossible to determine the proper
bearing from a single observation, except in coastwise sailing
where, knowing the vessel’s head, the proper bearing becomes
evident. Where it is impossible to select the proper hearing, two
observations must be made with a run hetween. The intersection
of the two lines of bearing indicate the location of the transmitter.

31-951. Previous to the actual calibration there are numer-
ous details that require attention. It is most important that
these be looked after so that no time will be lost during the
c¢alibration. The details may be considered under the general
headings of installation and operation.

31-952. The most common cases of installation defects, their
effects and remedies, follow:

(1) The battery leads to the receiver are frequently run in
lead-covered wire, which covering is generally grounded. This
results in greatly increasing the capacity to ground of these
circuits.

(2) It is imperative that all radio compass circuits, both within
the receiving cabinet, as well as the connection between the
various pieces of apparatus comprising the unit, including also
the batteries, be kept as far from the metallic hull of the vessel
as is practicable. For this reason the connecting wires must not
be encased in a metallic sheath. The bhatteries must be raised
from the deck and set out from the bulkhead, and the receiver,
especially the type SE 1440, which has a cabinet lined with sheet
copper. must be kept at least 3 inches from the bulkhead. The
leads from the compass coil necessarily pass into the brass
shafting in order that the circuit be brought through the collector
rings, but from this point they should bhe carried on column
insulators down to the receiver,

(3) Experiments have shown that if the athwartship stays
of the main mast on destroyers are grounded at the deck and
interconnected at the top the magnitude of the deviation will be
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greatly increased, which is a bad feature. To cover this point
the standard plans now ecall for the insertion of one porcelain in-
sulator in each mast stay at the top, thus breaking up these loops.
(4) The top side of the after radio room on destroyers has been Xear-by metal
ohjects and loose
frequently used as a storage place for various metal drums, metal fittings.
lockers, etc. The practice is a bad one and should be discouraged,
as the presence of large metal objects near the coil may cause
considerable deviation. When the vessel is under way the vibra-
tion of these objects, as well as the vibration of loose guardrails,
will cause interfering noises in the receiving apparatus. A
general inspection of all objects in the immediate vicinity of the
compass coil housing should be made, and will undoubtedly amply
repay the effort, as these disturbing features have frequently
interfered with calibration.
81-953. (1) The most common defects in apparatus are: Testing radio-
(a) Defective receivers and amplifiers. ;?;':n‘t)?ss canip
(b) Commutation (DC) noises.
(¢) Dirty collector rings.
(2) Very thorough tests should be made of the receiving appa-
ratus previous to calibrating, noting the control of oscillations or
the presence of excessive noises in the telephones, particularly
with receiver oscillating.
(3) A tuning calibration of the receiver should be made by
coupling a wavemeter to the compass coil. Curves should be
pletted and the tuning condenser dial of the receiver suitably
marked. This tuning calibration is a very good method of testing
the operation of the receiving apparatus.
(4) While testing the receiving apparatus the coil sysiem
should be rotated to note the condition of the collector rings.
Dirty collector rings will cause very loud and grating noises in
the telephones, especially with receiver oscillating. The rings
may be cleaned with either an oiled rag or the fingers or, if scri-
ously corroded, the use of crocus cloth is recommended. If these
rings are thoroughly cleaned no noise will be heard while rotating
the coil system.
(5) Following the tests of the receiver, the quality of the
minima and the operation of the compensating condenser must be
tested. Any powerful near-by radio station may be used for this
purpose. In taking a bearing, whether during calibration or in
subsequent operation, all antennas must be open—not grounded.
31-954. Previous mention has been made that two minima are(iaﬁ.“‘»“nt‘ the
ohtainable on any particular signal, and the observer will notice
that one of these is much more sharply defined. The coil system
may be lined up manually. To do this, remove the top of the coil
housing. The lead from the grid terminal of the receiver (the
right-hand compass loop terminal to which the compensating con-
denser is attached) must be traced through to the coil winding.
Turn the compass coil so that the grid end—i. e.. the end to which
this lead is attached—faces the starboard side of the vessel, with
the plane of the winding fore and aft, estimating this align-
ment of the coil winding as closely as possible. The coil system
is then held rigidly, the dial set screws loosened and the dial
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rotated until the 180-degree mark is directly in line with the
pointer,

The dial may be more accurately set by directing the calibrat-
ing vessel to hold a position dead ahead, and send dashes for
several minutes. The vessel need not lie exactly dead ahead—
5 degrees either side of 0 degree (relative) will serve the purpose,
provided her visual bearing is observed simultaneously with the
radio. The compass observer selects the sharp minimum, the coil
system is held rigidly on that bearing, and the dial is then
adjusted to read 180°.

The next step is to blacken the section of the dial not to he
used. This area will extend from 210° to 30° exactly, in a
clockwise direction,

Plannlng the 31-955. (1) The calibration should be carefully planned, par-
calibration. ticular attention being given to the choice of personnel for ob-
servers.  The pext consideration is the type of calibrating vessel,

or, to express it differently, the source of radio signals.

(2) This source may be either:

(a) A destroyer.

(b) A mine sweeper or tug.

(¢) Any craft with radio transmitter over 1 kilowatt.

() A land station.

(3) The requirements of the source of signals are:

(@) Ability to withstand abnormally heavy duty, i. e,
transmitting long dashes for several lhours with
high power.

(D) Ability to hold a clear note under above conditions.

(¢) Sufficient power to give a sharp minimum on the radio
compass to be calibrated. For this purpose trans-
mitters under 1 kilowatt are not entirely satisfactory.

(d) Sharp tuning,

(e) Preferably the transmitter should have a spark fre-
quency of 1.000 obtained from a 500-cycle transmitter.,

(4) Whenever possible it is advisable to calibrate destroyers
in pairs,each circling the other. Mine sweepers and tugs have been
used with entire satisfaction; subchasers. on the other hand.
usually prove unsatisfactory, as their power source is insufficient
and not designed for continuously heavy duty.

(5) The use of land stations for calibration purposes is not
urged, although they may be used if no other source is available.
With a fixed transmitter it beconies necessary to swing the vessel,
If sufficient care is exercised in swinging the vessel within a very
restricted circle, this method should prove satisfactory.

Location sult- 31955, (1) Having selected the calibrating vessel, the pext
able for calibra- . e . _ . .

tion. step is to select a suitable stretch of navigable water in which to

perform the calibration. It is well to state here that it is im-

possible to calibrute the radio compass with the vessel tied up

at the dock. When using a destroyer or other craft with a trans-

mitter of 2 kilowatts or over as the calibrating vessel, the radius

of the vessel’s encircling course should preferably be not less

than 4 miles. If the power of the transmitter is insufficient to

give 2 minimum of one-half degree or less, the radius may be
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reduced to 2 miles, although there is danger of counsiderable error
at a short radius, due to the fact that it is difficult to determine
the exact center of radiation of the calibrating vessel’s antenna.
To express this differently, the center of radiation of an antenna
is not necessarily the lead-in. In fact, on the newer types of
destroyers (with the inverted L antenna, main radio room for-
ward) experimental data indicates the true center of radiation to
be slightly forward of the bow, Thus, if the calibrating destroyer
were brought within a radius of a mile or so from the compass and
swung, using the lead-in of fhe main antenna as a pivot, the ob-
serve<] radio bearing wonld alternately increase and decrease,
becoming correct only when head on or away from the compass,
If swung with the bow as a pivot no appreciable variation of
the radio bearing would be observable. When the calibrating
vessel possesses a T antenna the lead-in may be assumed as the
approximate center of radiation. Errors that may be appreciably
great at a short radius become vanishingly small as this distance
is increased. In the calibration of radio compass shore stations
any possible error due to this condition is balanced out by making
a reverse run, using the same visual target on the vessel, which
may be a mast or & stack, for both runs. As time"is usually not
available in ship calibrations for such a degree of refinement, it
becomes more essential to keep the radius large and to sight on a
point as close to the true center of radiation as possible.

(2) Smooth water should preferably be chosen when perform-
ing the calibration, since the yawing or sudden swinging of the
vessel to be calibrated may seriously interfere with the accuracy
of hoth the compass and visual observations.

31-957. The instrument most commonly used for determininglor‘;:‘ of the pe-
the visual or relative bearing is the pelorus. The general pro-
cedure is to use the two bridge peloruses, changing from one to
the other to obtain an unobstructed view. It is most important
that these peloruses be checked previous to calibration, as con-
siderabie errors in both peloruses have frequently been found.
This method necessitates the use of a stadimeter or range finder
with subsequent computation of parallax arising from the dis-
placement of the radio compass installation and the bridge.

31-9538. The laborious procedure of computing parallax, as well  Eliminating
as the possible errors arising from it, may be obviated by mount- f)lt!ep:["):]l&,;t,atmn
ing a pelorus and stand on top of the radio compass coil housing.
This method has been very successfully used—the obscured sectors
due to the superstructure of the vessel and the mainmast are not
extensive, and the angular increment of the calibrating vessel may
he readily plotted aguinst a time abscissa.

31-859. Due to the numerous adjustments of the receivingobsTﬂ‘: :‘_ gi’aﬂ:;
apparatus and the possibility of interference from extraneoussystem.
signals, compass obgervations ean not always be made at a pre-
seribed instant. The most reliable method is for the compass
ohserver to give a “mark” «ignal the instant he has obtained the
hearing, followed a second or so later by the value of the hearing
in degrees and estimated half or quarter degrees. The “mark”
signal should be relayed instantly through the voice tube to the
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bridge by the assistant and the observed radio bearing recorded.
On the bridge the “mark” signal must be repeated instantly by
the assistant to the pelorus observer, who is standing by. The
pelorus observer having obtained his bearing, to a half or quarter
degree, greater accuracy not being required, informs his assistant,
who in turn relays the data through the voice tube to the recorder.
This plan has been used satisfactorily during many calibrations.
It requires quick action by all hands and a short drill immediately
preceding the actual calibration wi}l insure perfect cooperation,

TaBLE I.—Radiocompass calibration data form.

Calibration of U, S. S, o ___________________. Sheet No. ____
Calibrating vessel . __________ ________________ Date, __________
Radio OBS o __ Pelorus OBS _____________________

| |

: | Corrected; Compen-
Radio. | Pelerus. pelorus. | sater.

fl |
! . iCorrected; Compen-
Ji Radio. | Pelorus. " cjorye. I sater.

i
|

|
|
l
i
|
]

i
|
i
|
|
|

|
i
i |
‘ |
| !
‘ !
|
i

¢2) If the pelorus is mounted on top of the compass coil hous-
ing, the assistant may conveniently stand on the deck to relay
the “mark” signal from the compass observer to the pelorus
observer and take down the data. With this method, as the
calibrating vessel is approaching or emerging from either ob-
scured sector, the pelorus observer should inform the data
recorder, so that the time, in minutes and seconds, at which the
observations were made may be recorded. The time at which
the radio bearings are observed, within the obscured sector,
should, of course, be noted and plotted.

31-960. The angular velocity of the calibrating vessel and
the rate of taking bearings are important considerations.
It has been found that the most satisfactory resuits are ob-
tained when the calibrating vessel moves at a rate of ap-
proximately 2 degrees in a minute of time. At this rate the
entire circuit may be made in three hours. A greater rate in-
creases the possibility of observational inaccuracies and a lesser
rate consumes more time than is actually necessary. A radio
compass observer should bear in mind the fact that a few good
bearings are vastly superior to a multitude of scattered ones,
Under normal conditions he should be able to average oue to
two observations in a minute of time.

Instructions 31-961. A complete understanding should be had with those
for calibraling on hoard the calibrating vessel. A radius of the calibrating ves-

sel’s course should be laid down, as well as her speed. Her
radio operator should be instructed to send, continuously, dashes

Speed of eali-
brating vessel.
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of 10 seconds duration with an interval of 5 seconds for a period
of 10 minutes, followed by a 1l-minute interval of listening for
any communication, repeating this performance until further in-
structed. Some calibrators prefer the MO signals, others the let-
ter J. The type of signal to be used is optional, provided the
spaces between the signals are not too great. The radio operator
should endeavor to keep the radiation constant and the note clear,
If for any reason the transmitter should become inoperative he
should notify the navigation officer to stand by until repairs have
been made. In continuously heavy duty of this character it is
advisable to cool the spark gap with a fan.

31-962. A summary of the important details connected with the
preparation for calibration follows:

(1) The wiring of all connecting leads and the disposition of
apparatus must be such as to give the minimum capacity to
ground.

(2) No metallic closed loops, such as are formed by intercon-
nected mast stays, should exist in the vicinity of compass coil.

(3) All metal objects of appreciable dimensions should be re-
moved from the immediate vicinity of the compass coil and the
rat-tail of the auxiliary antenna must be securely held in a per-
manent position.

(4) The receiver must be functioning properly both in control
of oscillations and of amplification and be free from excessive
telephone noises.

(3) The loop inductance switch (SIZ 1512 compass) must be in
good condition, This is evidenced by the receiver calibration.

(6) The sharper of the two minima is to be selected as the
pointer.

(7) The dial is to be properly adjusted and the scale from 210
to 30 degrees painted black.

(8) The bridge peloruses must be checked, or if the pelorus is
placed on top of the coil housing it must be properly set up.

(9) A means of communication between the compass observer
and the pelorus observer must be established, with assistants
advantageously placed to relay the mark signals.

(10) The “mark” system should be understood by all hands,
and the assistant nearest the compass observer entrusted with the
duty of recording the data.

(11) Imstructions should be given the navigator and radio
operator of the calibrating vessel concerning the duties they are
to perform,

(12) During the calibration «ll antennas on the vessel must be
opein,

31-963. The calibration may be begun on any convenient quar-
ter. However, if the calibrating vessel can be held for a few
moments on i position either dead uhead or astern, the setting of
the dial may he performed nmiore accurately than by the manual
method. The reason the dial is best set on either of these two
positions is that the deviation curve passes through zero (i. e,
there is no deviation) close to these two points and there the dial
may be set to correspond with the pelorus reading and also
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because there is no appreciable parallax, if bridge peloruses are
used. When time is not available for this procedure, the calibra-
tion may be run, data plotted, and dial afterwards shifted suffi-
ciently to balance the deviation equally on both sides of the zero
axis. This requires considerable care, since the results of the
entire calibration may be ruined by incorrectly placing the dial.

31-964. (1) As an example of the calibrating procedure. using
the half-scale method, consider the calibrating vessel starting her
circuit at a relative bearing of 0°. The zero section of the radio
compass dial is painted black. However, a compass bearing will
be obtainable in the region of 180° on the dial. At the instant
of obtaining the radio bearing the observer calls “ mark”—the
assistant relays the “mark” to the pelorus observer—the radio
compass observer calls off the bearing in degrees and estimated
fractions (half or quarter degrees)—the recorder writes this
down in the proper column of form shown in Table I. XMecan-
while the pelorus observer takes his observation (to the nearest
half or quarter degree) and relays the bearing (through his
assistants) to the data recorder, who writes down the pelorus
observation in the proper column adjacent to the corresponding
radio bearing. With a little practice this system may be worked
easily and without confusion. Ten seconds should be ample time
to obtain and record a single bearing. Should any confusion
arise, the questionable bearing must be eliminated.

(2) This procedure is- then carried on until the calibrating
vessel has reached a radio bearing of 210° (or over). When the
observed bearing falls on the blackened section of the dial, the
coil must always be reversed, and the reciprocal bearing used.
If the last observed radio bearing was 210°, the reciprocal bear-
ing will be found in the vicinity of 30°.

(3) The calibration is then continued, using dial reading from
30° on, until the observed radio bearing once more falls on the
blackened scale at 210°, corresponding to the calibrating vessel's
relative position of approximately 210°. As the vessel con-
tinues to advance beyvond this point the coil system must once
more be reversed and, as the vessel continues from 210° to 360°,
relative bearing, the corresponding radio compass readings will
advance from 30° to 180°, approximately.

{4) The variation of the compensating condenser should be
noted and recorded. These observations (in degrees) may he
recorded at about every 10° of azimuth.

31963, During the calibration the radio compass observer may
communicate with the calibrating vessel whenever necessary,
using the auxiliary radio transmitter.

31-966G. The data may best be plotted in the form of a curve.
The large size cross-section paper (10 lines to the inch) is suit-
able, 18 spaces being required for the abscissa (radio compass
bearing) and 87 spaces for the ordinate (relative bearing). When
the paper has been properly drawn up and the degrees marked,
the ohcerved peints may be placed in position. Begin at the
first ohserved radio bearing on data sheet and note its value and
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the corresponding pelorus reading (corrected pelorus reading if
the bridge pelorus has been used.) Next, place a point on the
cross-section paper at the exact intersection of the lines corre-
sponding to these values of radio compass and relative (pelorus)
bearings. Continue placing these points until all the observations
have been recorded. A curve may then be drawn (with the
aid of a IFrench curve) through the average of these observed
points. The closeness with which these points adhere to this
line is an indieation of the accuracy with which hoth sets
of observations have been made. This curve represents the
deviation of the radio compass. Curves showing variation of
the compensating condenser should he plotted, using the observed
bearing as the abscissa, as in the plotting of the deviation curve.

31-967. (1) The next step is to make up a typewritten formsl

of deviation values, as shown in Table II. The corresponding
relative bearings ( two) for every radio compass bearing are to
be obtained by noting where the vertical line corresponding to
the particular radio compass bearing intersects the curved lines
which have been drawn through the average of the plotted points.
At the eract intersections the corresponding relative bearings
(two) whose horizontal lines intersect the curves must be noted
and recorded as in Table IL. This is to be done for each degree
(compass bearings).

(2) When this has been completed, copies should be placed in
the ship’s files, a copy placed conspicuously in the compass radio
room and a copy forwarded to the Bureau of Engineering, accom-
punied by a copy of the calibration and compensation curves,
together with a complete report describing all the features of the
calibration.

(8) The radio compass is now ready for subsequent operation.

Tanre IL—Correction shects for radio compass bearings.

C.S S Calibrated________________
| ! i i i
Kelative bearings. ( ! ; Relative bearings. |
Observed || Observea |_ !
bearing. I bearing, |
No. 1. ' No. 2. ‘ No. 1. No. 2, ‘

o ’ ; | | r T
! I I ! ! i i
| r | | |
é I | ! i
| | | ‘ ; ! |

| ! 1 |
PART T.—CALIBRATION OF U. S, NAVAL RADIO COMPASS SHORE STATIONS.

31-968. (1) The necessity for the calibration of the radio com-
pass, whether installed on shipboard or on shore, arices from the
fact that certain deviations are observed between the true bearing
and the radio compass bearing when rotating the loop through
its azimuth. Repeated tests have shown that these deviations

31-205
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have, normally, a constant value when the incoming signal is
within a certain band of wave lengths, and that the radio compass
can be relied upon to give accurate bearings when properly cor-
rected by a table of deviation values to be applied to the radio
compass values. The procedure is to rotate a radio transmitter
about the radio compass to be calibrated, taking simultaneous
readings of both true and radio compass bearings.

(2) The two most important facts to be kept in mind in planning
any calibration are, first, the reliability of the personnel and,
second, the perfect cooperation between the ship and the cali-
brating party ashore. The duties of the radio compass observer
and the transit observer demand men in whom reliance with
regard to accuracy as observers and conscientious performance of
duty can be placed. In the case of a station already in commmission
it is well to utilize the personnel attached to the station whenever
possible. The officer in charge of the particular station, usually a
.chief radioman, can in most cases be considered an efficient radio
conipass observer. Thus a twofold benefit is derived, namely, the
necessity of transporting a trained man from the radio material
office is obviated, and the officer in charge of the station is made
much more familiar with the operation of his station throughout
its entire azimuth. Thisalso is conducive toward a greater interest
in his own station. The other operators may senerally be utilized
as data recorders, or in the lines of communication. The transit
man, on the other hand, is usually not to be found among the
station personnel, and for this position a man thoroughly familiar
with the operation of the transit (or theodolite) is essential.

(8) The necessity for cooperation between the ship and the
calibrating party ashore should be emphasized. Experience has
shown that unsatisfactory results, as well as long delays, have
been caused by the commanding officers of the calibrating vessels
misconstruing instructions and at times not complying with re-
quests that were deemed essential by the calibrating party. Offi-
cial orders should be issued by the commandant of the navy
yard to the commanding officer of the vessel, when this officer
reports for duty, that during the period of actual calibration the
vessel is to be maneuvered in accordance with the requests of
the person in charge of the calibrating party; however, through-
out the calibration the responsibility of keeping the vessel in
gafe waters remains, in accordance with navy regulations, upon
the commanding officer.

"t‘l};i‘:;‘:ﬂ“f’“ of 31-060. In case the receiving apparatus has not been calibrated
at the time of installation. the wave-length range of the receiver,
with extreme limits of compensating condenser, also with different
taps of inductance when using the type SE 1012 receiver, should
be measured with a wavemeter coupled to the radio-compass
coil, and curves plotted for the information of the operating
personnel.

mﬂ'{*f?ﬁ‘:{'“"“o“ 31-970. Al land lines must be completely ingtalled and in
operating condition previous to calibration. All radio antennas
should be erected and proper precautions taken to insure that
the antennas are disconnected at all times by means of the
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standard anchor gap, and that the transmitting apparatus is in
working order.

31-971. The vessel should be moved to a position approximately
at right angles to the shore line. If the vessel is head on to the
radio compass house in this position there will be normally very
little deviation in the wave front, and the true bearing as observed
by the transit may be used as the setting for the radio compass
dial. In certain cases a fixed radio transmitting station, prefer-
ably one from which the signals travel entirely over water, may
also be conveniently used for this purpose, providing the signal
intensity is sufficient to give a good minimum,

31-972. While there have been cases in which two men have
successfully accomplished the calibration of a radio compass
station. it is not a good policy to attempt to thrust too many
duties on any one man in work of this nature. The following
personnel generally constitute the calibrating party:

The executive (plotter).

The radio compass observer.

The transit observer (two required in obscured sector).
The data recorder.

Two radio operators are required in obscured sector.

31-973. The following list of material will be necded:

One transit or theodolite (two for obscured sector).

One three-arm protractor (for use in obscured sector).

Several large scale Coast and Geodetic charts.

Cross-section paper for deviation curves. Form N. Eng. 2
(see articles 31-977 and 31-978).

Data forms.

French curves, pads and pencils,

India ink, drawing instruments, and bottle of clear lacquer.

Two radio receivers and portable antennas for use in the
obscured sector.

81-974. The following directions should be given the radio
operator on the vessel:

31-207
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(1) Previous to starting the run, tests are to be made foring vessel.

tuning, wave length, clarity of note, and requisite power, followed
by tests for the setting of the dial at the radio compass station.
The vessel to send continuous dashes of ten seconds duration
with five-second intervals for five minutes, followed by a one-
minute period of listening for communications from the radia
compass station. If no messages are received the above schedule
is to he repeated. All radio messages are to be promptly for-
warded to the commanding officer. The same transmitting
schedule is to be followed in the running calibration.

(2) In the obscured sector, when informed by the commanding
officer that the vessel is on position, he notifies the compass sta-
tion and stands by until ordered to transmit. Every test on each
position should contain a prefix stating the serial letter for the
sector and serial number for the particular test. The command-
ing officer will keep the radio operator informed of the position.

(8) On fixed positions the transmitting schedule will be the
customary ten-second dashes for a period of three minutes, fol-

83156°—22——14
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lowed by listening in for one minute, continued until notified by
the radio compass station to pProceed to mext position, when he
shall relay the information to the commanding officer and stand
by for next position. This procedure is to be followed throughout
the obscured sector.

(4) In case of breakdown in the radio transmitter, the operator
should notify the commanding officer at once, so that the vessel
may lay to until the transmitter has been repaired.

(5) The operator should give particular attention to the spark
tone and the radiation, endeavoring to keep these constant at all
times,

(6) All messages relating to the calibration will be treated
as official.

(7) Written directions covering all these features should be
given the radio operator.

]Bgﬂ‘!gssefi“bm‘ 31-975. (1) The selection of the proper type of vessel is an
important consideration. It is an important policy to request the
assignment of destroyers for this work whenever practicable;
however, other vessels, such as tugs and mine sweepers, have been
used. Subchasers have proven unreliable, first because the radio
transmitter lacks sufficient power and their direct current generat-
ing system is not designed for continuous duty ; second, because
the subchaser presents a poor target for the transit.

(2) The transmitter on the calibrating ship should be capable
of withstanding abnermally heavy duty. Preferably the appa-
ratus should be a 500-cycle quenched gap transmitter, power
rating not less tlman 2 kilowatts, able to maintain a clear note
under continuous operating conditions. The apparatus must be
carefully tuned to the calibrating wave length. The radio com-
pass coperating wave length for shore stations established for the
United States is 800 meters.

(3) To insure complete cooperation, it is always advisable to
familiarize the commanding officer of the vessel with the details
of the calibration. In conference with him, the calibrating course
of the vessel is to be settled and marked on the chart. As the
nature of the coast varies greatly with different localities, it is
impossible to promulgate a definite plan for the course of the
vessel. However, the following features are important :

(a) The vessel must he visible from the compass station, or, in
the case of the obscured sector, from the triangulation points.

(b) The optimum radius of the circle is approximately 5 miles.

(¢) As viewed from the compass station. the vessel should move
with an angular advance of not greater than 2° in a minute of
time.

(d) During the continuous calibration, at the end of the visible
sector course, the vessel reverses her direction, repeating the run
to balance out any errors duve to time lag between compass-transit
readings and to the fact that the center of radiation of the vessel's
antenna is not necessarily the lead-in.

(e) In the obscured sector the vessel is to hold to fixed posi-
tions headed toward the radio compass station. The positions
to be not greater than 5 degrees apart as viewed from the radio
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compass station. Each fix will require tliree minutes of time for
transmitting, If there is more than one obscured sector it is
advisable to letter each sector serially and to number each posi-
tion serially.

(f) The searchlight may be used advantageously in thick
weather. Its rays can be clearly seen at times when the ship is
entirely obscured.

(¢) In particular cases when the vessel can not operate within
visible range of the compass station due to shallow water, the
calibration may be satisfactorily performed at night, using the
searchlight.

31-976. (1) The visible sector should always be calibrated first,
making both runs. This shows what may be expected in the
obscured sector. When shifting from visible to obscured sector,
or between two obscured sectors, an overlapping of sectors is
advisable in order that an accurate check on the triangulation
set up may be obtained.

(2) In the obscured sector the mark system is bandled by radio
from the compass station. When proceeding to obtain a bearing
a “get ready ” signal, two dots, is given by the observer at the
radio compass, then a long dash when bearing is obtained, fol-
lowed by a serial number repeated several times. To prevent
interference from these signals the transmitter should be tuned to
a wave other than the calibrating wave. This procedure is advis-
able because, unless anchored, the wind or tide may carry the
vessel along rapidly.

(3) Should a sudden change of deviation value be observed, the
procedure in seeking the cause of this trouble is as follows:

(e¢) Recheck transit set up on landmarks.

(b) Test “peep sight” alignment ¢f coil system.

{¢) Note any possibility of grounds or open circuits in the
wiring of the apparatus.

(d) Investigate any possible change in communication
lines, algo the antenna system at the station if there
be one.

(4) During the calibration of the obscured sector, if the devia-
tion values fail to fall on the curve, it is advisable to obtain
additional points between those previously obtained.

31-977. During the running calibration the divergence of the
radio compass bearing from the true bearing =hould Le plotted in
the form of a deviation curve, using Form N, Eng. 29. When the
radio compass bearing is greater than the true bearing, the
deviation is considered negative. The value of this deviation
is the ordinate while the abscissa is the radio bearing for this
particular observation. Distinctive markings should be used in
plotting the two courses of the ship,

31-978. The data obtained from the compass and transit ob-
gervations should be each averaged for every fixed position and
plotted on a large-scale chart with a protractor. To do this, the
protractor is set on a true meridian running through the triangu-
lation point; the moving arm is then adjusted to correspond to
the average of the transit readings for the particular position
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of the ship and a pencil line drawn on the chart. This operation
Is repeated from the other triangulation point, and the resulting
intersections marked with the proper serial letter. The pro-
tractor is then set on the radio compass station in the same
manner and the true bearing of the intersection read directly
from the protractor. The deviation of the radio hearing at this
angle is plotted as in the visible sector. In case the position of
the vessel is determined from sextant angles, the three-arm pro-
tractor must be used to mark the location on the chart.

31-979. A curve showing the variation of the compensating con-
denser in degrees over the calibrated sector should be plotted. This
curve may prove of value in a theoretical study of the deviation
curve and may also be used as a guide in the future operation of
the station. This variation curve may conveniently be plotted
with the deviation curve, using Form N. Eng. 29. The two curves
should be distinetly marked.

31-980. A report incorporating all the features of the calibra-
tion should be writtenn and submitted to the distriet radio material
officer. The deviation curves incorporated should contain the
polnts indicating the values obtained. This report should in-
clude a complete description of surrounding conditions ( topog-
raphy) ; also, in the case of a subsequent calibration of the same
station, any changes in topography or overhead wiring, etc..
should be noted.

PART 8.—OPERATION.

31-081. The operation of the radio compass in taking a bearing’
is the same whether it is a ship or shore installatioz. The same
procedure is followed when taking a bearing with a calibrated
radio compass as when calibrating. The deviation of the radio
compass was determined during the calibration and the curve
drawn. In that case the bearing of the transmitter was taken
visually. After calibration entire dependence is placed in the
calibration in order to find the bearing of the transmitter without
resort, of course, to any visual means. It is therefore necessary
that the deviation as found during the calibration be applied to
the bearings read on the radio compass dial in conjunction with
the bearing of the ships ahead. The result will be the true bear-
ing of the transmitter from north (zero degrees).

31-982. Bearings should invariably be taken in accordance with
the following procedure:

(1) Take bearing preferably with clear tone signal. or else full
oscillating condition, With receiver oscillating, the minima are
much more sharply defined. However, interference will obscure
an otherwise good minimum, because tonal selectivity is lost.

(2) Tune signal carefully, with coil system at or near the
maximum.

(3) Itotate coil system through the null point of the siznal,
oscillating to and fro, finally ceming to rest at estimated center
of the “ minimum.”
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(4) Adjust compensating condenser carefully, in the same man-
ner as the coil system is rotated, seeking the exact center of the
“minimum.”

(5) Retune carefully. (Always tune with compass coil off the
minimum.)

(6) Repeat 3.

(7) Repeat 4. This operation is now to be repeated in conjunc-
tion with the rotation of the coil system. The final adjustment of
compensating condenser and coil should give a point of silence on
some particular bearing. It is well to note here that there arc
some compass stations at which absolutely silent minima are
uncbtainable, although these minima are exceedingly sharp and
the station operation is excellent. The width of the zone of
silence depends on the power of the transmitter, the distance of
the transmitter, and the sensitivity of the receiver.

31-983. The following precautions should be observed:

(1) Never attempt to obtain bearing with receiver regenerat-
ing or barely oscillating, as in this condition the circuit is very
sensitive to any changes in its decrement which will result from
the adjustment of either tuning condenser or compensating con-
denser. Due to the variation in signal intensity resulting from
these changes proper operation will be difficult. If signal in-
tensity is low, regeneration should be used after all adjustments
of tuning and compensation have been made.

(2) Adjust tuning condenser for maximum signal intensity.
All tuning must be done with the coil off the minimum. Incor-
rectly tuned circuits will result in erroneous bearings.

(8) Do not swing coil through a large arc. Ten degrees either
side of pull point is sufficient at start; after retuning and re-
compensating, the swinging of the coil should be further re-
stricted to about 1 to 3 degrees on either side of null point,
depending on the sharpness of the minimum.

(4) At stations where compensating condenser values change
greatly throughout the azimuth the detuning may be considerable.
Therefore the necessity for retuning is important.

(5) When coil system and compensating condenser have been
successively adjusted to give a silent point, the entire attention
may be devoted to the coil system. The coil system should be
slowly rotated within restricted avc, careful attention being given
to estimating the true center of the minimum,

PART 9. —FAUTTS AND REMEDIES,

31-984. Should the compass station be a new one and difficulties
ensue during the calibration, the remedies outlined in the follow-
ing should remove the difficulty. On the other hand, if the pre-
vicus calibration of the particular station has proved satisfactory
and good minima have been obtained throughout the operating
sector, it is but reasonable to expect the station to continue to
operate in the same manner. If, however, a considerable change
in the quality of the minima throughout the operating sector or
in any particular part of the sector should be experienced, the
following remedies are to be studied and applied,
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(1) BROAD WITH RESIDUAL SIGNAL,

Possible causes—(a) No compensation (open circuit).

(b) Near-by grounded antenna.

(¢) Communication lines not drained.

(@) Grounding of ratio compass apparatus, wiring or batteries.

(e) Moisture on coil windings, or terminal ring,

(f) Weak signals.

(g) Faulty screening of operating room.

Remedies.—(a) Overhaul wiring, particularly compensating
condenser connections,

() Note condition of anchor gap in antenna lead. This should
be open. Test across this gap with battery and buzzer.

(e} Al communiecation lines should be adequately drained of
radio-frequency current by means of 1 uf condensers.

(d) (e) Test insulation of radio-compass circuits for grounds.

(f) Broad minima are caused by weak signals.

(9) The screening of the operating room must be kept intact.
This is very important at certain compass stations. On ships the
room is usually built of metal.

(2) BROAD WITHOUT RESIDUAL SIGNAL.

Possible causes.—(a) Insufficient power at transmitter,

(b) Transmitter beyond normal working range.

(¢) No oscillations or amplification.

Remedies.—(a) (b) The normal operating range of SE 515A
radio compass is from 100 to 150 miles with 2-kilowatt trans-
mitter, the SE 1512 and SE 995 considerably less. When signals
from 2-kilowatt transmitter are silent over a dial reading of
about 2°, the transmitter is bevond the normal working range of
station.

(3) VERY SHARPLY DEFINED.

Possible causes.—(a) Transmitter with excessive power.

(b) Transmitter very near at hand.

(¢) Excessive amplification,

Remedies~—(a) (D) This condition is not considered as un-
favorable. In fact, it contains all that is desirable in radio
compass operation. During calibration of a shore station the
calibrating vessel usually transmits with 5 kilowatts, keeping a
radius of 5 miles. This results in & minimum about one-half of a
degree in width, If, however, the calibrating vessel approaches
the compass station to within a radius of a mile or so, the mini-
mum may be so sharply defined as to be scarcely obtainable: in
fact, merely touching the compass wheel may result in a tre-
mendous change in signal intensity.

(¢) Amplification may be reduced.

(4) VARYING DEGREES OF SHARPNESS THROUGH AZIMUTH.

Possible causes~—(a) Grounded antenna near hy.

(0) Communication lines not drained.

(¢) Location of station.

(d) Closed metallic loops near by.

Remedies—(a) (b) To a certain degree slight variations in
the quality of the minima are found at all compass stations. If
this defect should become very pronounced. it may be concluded
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that the trouble is purely local. Test antenna. Test communica-
tion lines.

(¢) Sece articles 31-931, 31-932, and 31-933.

(d) All mast stays near compass coil should be insulated, pref-
erably at the top. (See article 31-929.)

(5) STATIONARY (ERRONEOUS BEARINGS).

Possible causes—(a) Near-hy grounded antenna.

(b) Communication lines not drained.

(¢) Closed metallic loops near by.

Remedzes—-—(a) (b) With near-by grounded antenna, especially
if tuned to particular wave lengths, the compass will point to
antenna, due to its reradiation. This is prevalent on shipboard.
Undrained communication lines have been the source of station-
ary minima at shore stations. (See par. 4 (a, b).)

(¢) Sece paragraph 4 (d).

(8) APPARENT SHIFT OF (ERRONEOUS BEARINGS).

Possible causes.—(a) Mechanical slip in coil system.

(b) Communication lines not drained.

(¢) Grounded antenna necar by.

(d) Grounding of R. C. circuit wiring or batteries.

(e) Diurnal variations of fixed transmitting station.

() Diurnal variations at compass stations.

(g) Faulty screening.

(k) Improper operation.

Remedies.—(a) Test coil system alignment with peep sights.
This slip may occur at (1) the center casting, (2) the shaft
coupling, (8) the dial, (4) the hairline indicator. Any slip will
give a constant error for all bearings.

(b) (c¢) See paragraph 4 (a., D).

(d) Test.

(e) This is a research problem at present being studied. Cer-
tain variations in the bearings of fixed transmitting stations have
been observed, although it is difficult to differentiate between the
variations in the transmitter and those prevailing at the compass
station.  (See (f).)

(f) Experiments indicate that bearings on fixed transmitting
stations within the operating range and situated at points where
no land intervenes remain constant to within one degree. Bear-
ings on fixed transmitting station over land and particularly when
tangent to the coast line are subject to some diurnal variations,

(See par. (c) (d).)
(g) See para‘:rmm 1 (9),70 (e).

(h) Study operating instructions carefully.

(7) Not oPPOSITE (180° displaccment).

Possible causes.—(a) Extrancous in-phase current in compass
coil.

Remedies—(a) The ideal condition of having the two minima
exactly opposite is seldom found. A displacement of 8 degrees
is not considered abnormal; however, if displacement exceeds
this value the operation of the station becomes questionable, as
this indicates an excessive amount of extraneous in-phase current
is being induced into the coil system, which effect is subject to

31-213
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some variation., The amount of this displacement will vary
throughout the azimuth. Test antenna, paragraph 1 (b). Test
communication lines.

(8) EFFECT OF INTERFERENCE ON.

Possible causes—(a) Receiver oscillating,

Remedies.—(a) With the receiver oscillating, the tonal selec-
tivity of signals is lost, making it most difficult to obtain minima
on any particular signal through interference. The best method
for overcoming this is to set receiver into regenerative condition
(clear signals) and boost amplification to highest point. Nore:
Care must be exercised in this condition when adjusting the com-
pensating condenser, because the tuning of the circuit is affected,
which, in turn, is intimately connected with the points at which
the receiver will oscillate. It is best first to loosen the bhack
coupling, tune signal, compensate, retune, recompensate, then ad-
vance to regenerative state if signals are weak. A large change
in back coupling will affect the tuning of the circuit for very
short waves, but is in unappreciable with the standard compass
equipment for 800 meters.

(9) EFFECT OF INTERFERENCE ON (TELEPHONE NOISES).

Possible causes—(a) Defect due to compass coil, receiver,
amplifier, telephones, batteries, connections, or extraneous causes.

Remedies—(a) Loud telephone noises may be a source of great
annoyance and fatigue to the operator, resulting in erronecous
bearings. They must be eliminated.

(10) VARIATION OF COMPENSATING CONDENSER VALUES TOR A GIVEN
AZIMUTH,

Possible causcs—(a) Grounded antenna near by.

(b) Communication lines not drained.

(c¢) Diurnal variations at station.

(d) Tuning of transmitter,

(e) Condition of screening.

Remedies—(a) (b) Test antenna, paragraph 1 (5). Test com-
munication lines.

(¢) The compensation values for particular azimuths do not re-
main absolutely constant, but vary within restricted limits, due to
changing conditions in the surrounding bodies, chiefly caused by
the degree of moisture in the air or on the surface of the ground.
Considerable change in the deviation curve and compensation
values between the two extremes of very dry and very wet spells
of weather has been observed at some compass stations. The
importance of having a permanent ground connection at the com-
pass station must not be overlooked. Then, too, at compass sta-
tions where the compensation values are sharply defined, which
is associated with sharp minima, the capacity of the operator’s
body becomes very apparent, and changes, such as lifting or lower-
ing the feet, may affect the compensation to a noticeable degree,

(d) The type of transmitter on which the bearing is being ob-
tained may noticeably affect the compensation values. There are,
in fact, certain types of transmitters on which it is impossible
to obtain bearings ; these are likewise unresponsive to adjustments
of the compensating condenser., (See par. 6 (e, f).
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(e) Any radical change in the condition of the operating room
screening may affect the compensation and also the deviation.
This is more apparent at certain compass stations. The screen-
ings should be kept intact and frequently inspected.

31-985. Compass coil defects, in general, may be considered as
mostly mechanical. The construction of the various parts com-
prising the coil system should be thoroughly studicd. The elec-
trical defects that can possibly develop in the coil system may be
readily located. These defects and their remedies are listed
below :

(1) NOISE IN TELFPHONES ONLY WHEXN ROTATING THE COMPASS
COIL.,

Possible causes.—(a) Rough, dirty collector rings.

(b) Loose contacts at binding posts on terminal strip.

(¢) Loose, dirty ball bearings,.

Remedies.—(a) Rough collector rings should be smoothed with
finest sandpaper and polished with crocus cloth. They should
occasionally be given a touch of light oil and rubbed dry. There
is a tendency for the two metals to tear, thus leaving a fine
deposit of metal upon the ring. This should be carefully removed
with an oiled rag or fingers, by rotating the coil system, and then
dried.

(b) The brass binding posts have a tendency to corrode and
at times loosen, causing poor contact with conductor. Any vibra-
tion or rapid rotation of coil system will produce a chattering
under these conditions, particularly if the receiver is oscillat-
ing. They should be removed and dipped in acid, replaced and
greased.

(¢) Bearings should be tightened and kept well greased. If
they have been allowed to dry out and become roughened, they
should be replaced. The coil shaft is connected to ground through
these ball bearings, and if their condition is such as to cause
noises in the telephones, they may be shorted by means of a
fiexible conductor wound around the coil shaft. This trouble is
seldom encountered.

(2) NOISE IN TELEPHOXNES NOT DUE TO ROTATION.,

Possible causes—(a) Vibrating near-by metal bodies.

(b) Defects in the receiver, amplifier or telephones.

{¢) Arc mush.

(d) Audio-frequency induction.

Remedies—(a) This condition is found chiefly on ships, and
may be caused by the vibration of metal objects, such as gnard
rails, provision lockers, loose guy wires, etc., in the immediate
vicinity of the compass coil. These objects should be located and
grounded or insulated, as the case may be. It is imperative that
all such objects he kept in constant condition after the compass
has been calibrated, as any radical changes will affect the devi-
ation.

(b) See Section VI (A), (B), and (G).

(¢) This is unavoidable and is very pronounced in the vicinity
of high-power arc transmitters.
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(d) This is rarely obtained on the compass coil. (Bearings on
induction are seldom obtainable.) It is more frequently picked
up by the apparatus or connecting leads.

(3) N0 OSCILLATIONS IN CERTAIN SECTORS.

Possible causes—(a) Coupling to near-by metallic circuit.

(b) Grounded near-by antenna.

(¢) Undrained communication lines.

Remedies—(a) This is occasionally found on ship installa-
tions, and should be remedied previous to calibration, as it will
affect the deviation. The immediate vicinity of the coil must be
explored until the particular circuit is located and insulated.
Any metallic stays in the immediate region of the compass coil
must be broken up with insulators, preferably at the top. In
general, there must be no closed metallic loop of large dimension
in the vicinity of the compass coil.

Ly (c) Test. (See par. 1 (&) (c).)

(4) SLIP IN COIL SYSTEM.

Possible causes.—(a) Loose center casting.

() Loose coil shaft coupling.

(¢) Loose dial.

(d) Loose hair-line indicator.

(e) Loose wheel,

Remedies—(a) (b) (¢) (d) (e) Al these parts have through
bolts or set screws or both. Tests should be frequently made of
their condition by a sudden torque of the compass wheel, followed
by an investigation of the peep-sight alignment. (See par. 6 (a).)

(3) SEVERE BINDING OF COIL SYSTEM OR SCRAPING OF HATIR-LINE
INDICATOR ON DIAL,

Possible causes.—{a) Ball bearings dry, dirty, tight.

(b) Table bearing tight due to tearing of bearing surfaces.

(e¢) Dial out of line.

(d) Hair-line indicator panel too close to dial.

Remedies—(a) The ball bearing races should be kept clean
and well greased.

(b) Drop some heavy oil into bearing and work slowly. If no
improvement, disassemble coil shaft system below coupling and
rub down end of shaft with sandpaper, replace and oil.

(¢) The type SE 515A dials may be thrown out of level by
leaning heavily on one side. 'To test. remove hair-line indicator
panel and rotate coil system, noting the risze and fall of lower edge
of dial. This may be removed by pressing down on the high side
and lifting on the low side. Replace hair-line indicator panel.

(d) To minimize any errors due to parallax, the hair line
should be held as close to dial as is practieal. avoiding any scrap-
ing. If too clese, the pancl may he packed out with thin sheet
metal or paper.

31-9086. Itadio compass receiver and amplifier troubles may be
readily located by anvone who has had some general experience
with radio receiving apparatus. 'The compass coil system may be
treated simply as a larege inductance inserted in series with the
secondary inductance contained within the receiver. Any troubles

-«
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that may develop, such as lack of signalx, howling, etc., may be
treated as In an ordinary receiving set.

PART 10.—TESTING OF CIRCUITS AND APPARATUS.

31-087. Testing of the receiving qualities of the radio compass  Use of waves

equipment may best be performed with a wavemeter, Place the meter.
wavemeter in close proximity to the compass coil, allowing clear-
ance for rotation of coil system to cbtain proper coupling; adjust
wavemeter to proper wave length (800 meters) and start buzzer.
In this manner the signal intensity, tuning of the coil system, con-
trol of oscillations, and control of amplification may be tested.
Qhould there be no response, note if all switches are thrown to
proper positions, tubes lighted, all wiring connected, etc. Test
telephones with low-voltage battery for characteristic click. To
test continuity of all circuits, the telephones and battery or buzzer
are very useful.

31-988. (1) Disconnect leads at receiver. If circuit is open, mocl;‘;’l‘mgfgg;{f
the characteristic click in telephones will be absent. Look for
(a) open “ ground switch” (SE 005 installation (b) open or short
at the protective relay (SE 995, SE 1512 installation), (¢) open
“loop inductance switch” in switch housing on top end of coil
shaft (SFE-1512 installation). (d) open at terminal Rlock. coliector
rings and contactors (all types of installation).

(2) Leads disconnected at receiver. If compass coil is shorted, Grounds and

. R . short elrcults la
it is most probable that it will be grounded. (Notr.—All radio compass coll.
compass circuits must he kept insulated from ground at all times.)
Test for ground with battery and telephones. (NoTE—There will
be a slight click, due to capacity of coil and leads.) Or test with
battery and buzzer. If click in telephones is strong, but buzzer
does not operate, look for dirt, moisture, or soldering flux on termi-
nal ring, terminal block, collector rings, contactors, and points where
wires enter shafting. If coll is not grounded, test for a direct
short by exciting coil with battery and buzzer connected in series
with coil. listening in on wavemeter. The fundamental of the
SE 515A coil is about 400 meters, the SE 1512, tap 4, about 450
meters, and the SE 995 about 250 meters. If buzzer signals can
not be obtained and tuned on wavemeter closely coupled, the
compass coil will be found shorted.

31-989. Test A and B batteries for voltage and polarity with pomll“?;“m ﬁb’;g
voltmeter at receiver terminals. Polarity may also be tested with teries.
a freshly cut potato; positive side turns potato green.

31—990. Should the receiver fail to operate in “compass “QE{}}I";‘I;)‘LZU!'%(‘“{;;
position of the switch, the operation as a “ receiver ” should beor and ampm-.jer:
tested by placing switch in “ receiver” position. The coil leads
may be disconnected (this is not necessary), and if convenient,
the receiver connected to an antenna, or the antenna and ground
binding posts may be connected through a small inductance
(four or five turns of wire) and coupled to a wavemeter. If the
secondary controls of tuning, oscillations, and amplification are
obtainable the inference is that the contacts of the switch are
faulty on the ¢ compass” side,
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or‘.’h'i)it“c;?c'.fﬂ' 31—9%1. (1) Should the receiver fail to function in either con-

SE 1440 recelv- dition, the continuity of the cireuits should be tested. The use of

er. battery and telephones is recommended in this test. The araplify-
ing transformers may be tested by connecting the telephones
across the secondary terminals, exciting the primary by flashing
a low voltage battery across its terminals.

(2) Tests should also be made for the possible grounding to
the copper shielding of the insulated circuits. The most preva-
lent defects of the receiver are the failure of contacts to close,
particularly the contacts on the tube sockets; the connecting
leads seldom become disconnected. The wiring of the detector
and 3 stages of amplification may appear complicated at first
glance. However, a little study will show that the function of
the switch is merely to transfer the telephones to each succeeding
tube, the filaments of the 4 tubes burning at all times.

(2) Howling in the amplifier is usually due to either an open
grid connection or a disconnected transformer shunt condenser,

Operation of 31-992. The operation of this receiver may be tested as outlined
?;f‘esr 10 re- 5, art. 31-990. However, when disconnecting the compass coil
it is necessary to short the “ secondary load” terminals. To
remove any possibility of the trouble being in the amphhel, con-
nect the telephones at the receiver, disconnecting the leads to the
input termindls on the amplifier.
SE 1000 se- 31-993. It is well first to insure operation of the receiver before
:Lﬁ;,;’,{'ed,_sﬁ 1690 ;) vestigating the amplifier. Test circuits with battery and tele-
phones. Nore: There is a characteristic difference in telephone
click between a low-resistance circuit and a circuit containing a
large inductance, i. e., testing transformers.
Operation ot 31-994. (1) This is a small variable condenser (0.0003 uf) and

f,fm .,l,,,fgz con.iS connected between the compass coil lead extending to the grid
denser, side of the detector tube and the ground. Some compass stations

require much more capacity for compensation than that contained
in the SE 1762. This condenser was designed for and has suffi-
cient capacity for the normal compass station. Should a particu-
lar compass station require more capacity for adequate compensa-
tion, this is an indication that the station is not well situated
or that the condition of the antenna or communication lines is at
fault. To test its operation (for open circuits) select some
sharply tuned signal (wavemeter may be used), place this con-
denser either on zero or 180° mark; tune the compass coil to the
signal very carefully with the tuning condenser of the receiver,
then reverse the position of the compensating condenser, A larwe
change in the capacity of the compensating condenser will alter
the tuning of the compass coil and hence the signal intensity.
(2) Test for short circuit with battery and telephones or
buzzer.
Birect-current  31-995. The direct-current resistance of any compass coil,
c‘i)‘;fg;s‘s“&‘h‘f °f wound with No. 16 Navy standard bell wire, may be checked by
measuring the length of the conductor and allowing 260 feet for
one ohm,
Test of com- 31—996. Communication lines and other lines entering the radio
punleation lines ompass house, particularly when they are carried near the re-
quency currents. cejving circuits, are frequently a great source of treuble. causing
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excessive amplitude in deviation and resulting in faulty operation
of the radio compass. The trouble results from the presence of
radio-frequency currents (signals) picked up by these wires and
induced into the receiving circuits. To test for the presence of
these signals, disconnect the coil leads from the SE 2440 receiver
and ground them. Connect “loop” terminals of the receiver to
the condenser terminals of a wavemeter. Connect another lead
to the grid terminal and use this lead for exploring, touching it
to the telegraph keys, relays, telephone lines, etc. The receiver
should preferably be in a regenerative condition with full amplifi-
cation and tuned by means of the wavemeter either to 600 or 80U
meters. If signals are heard in this way, the lines must be
drained with condensers, shielded or removed entirely from the
proximity of the receiving apparatus.

31—997. (1) Installation defects usually consist of excessive
capacity to ground or direct grounding of radio compass circuits,
In ship installations the most flagrant cases are:

Battery leads in lead-covered wire,

Batteries placed too close to metal bulkhead or deck.

Coil leads or connecting leads too close to metal bulkhead.
SE 1440 receiver too close to metal bulkhead.

Mast stays in vicinity of compass coil form closed loop.
Antenna lead in,

(2) In shore installations the usual defects are the presence
of lead and armored cable or any grounded conductors in close
proximity to:

The receiver, especially when the SE 1440 is used.
The batteries.
The telephone cords.

(3) The remedies are obvious. In general, a minimum dis-
tance of 3 inches should be allowed between any of the circuits
or apparatus and ground, the ground leads to the compensator
and to the ground terminal on the SE 1440 receiver (SE 1512
compass installation) being the exceptions; these leads, where
they run parallel to the receiver, should be properly spaced. The
importance of breaking up any closed loops of large dimensions
near the compass coil must not be overlooked, as such loops have
been known to cause deviations as high as 45°. The best method
is to insert a strain insulator at the top of each of the stays,
groundiug these stays at the deck. Any change of this kind
should be done previous to the calibration.

(4) The antenna lead in (after radio-room destroyers) should
be brought into a grounded trunk where it passes the compass
coil housing, and the rat-tail should be securely held in a definite
Iocation,

31-998, (1) In shore radio compass stations a certain ampli-

31-219

Installation de-

feets.

Excesslve devi-
ation and cem-

tude of deviation is normal to the station, depending on the charac- pcnsatxon

teristics of the site. Thus it has beem found that a compass
station situated very close to the surf on a flat sandy beach will
exhibit a deviation amplitude (maximum) of about three-fourths
of a degree, increasing to about 2° for a station located 300 vards
intand and 25 feet above sea level. At compass stations such
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as these the compensation values throughout the azimuth will
vary from 100 to 200 puf. Should a compass station in a similar
location exhibit a deviation curve whose amplitude greatly ex-
ceeds these values, the condition of all antennas and near-by
metallic cireuits, should be investigated for the purpose of reduc-
ing this deviation to normal.
Eigh rocky (2) In cases where compass stations are situated on or near
eround. high rocky ground, it is impossible to estimate the deviation that
will be normal. Such locations should be avoided as much as
possible, and if circumstances necessitate a compass station in
such a locality, the site should first be tested by a trial calibra-
tion. In general, it has been found that the operation of compass
stations exhibiting a deviation curve of low amplitude is more
consistently accurate,

(3) In the case of radio compass installations on board ships
the same general conditions apply, although not so closely. as
the factors which determine the amplitude of deviation are more
constant.

Infimemce of lo-  (4) Neglecting the effect of local metal hodies on shipboard, it
cal metal bodles. has been found that deviation is nearly proportional to the length
and height of the vessel. When extraneous effects are removed,
the average for destroyers should not exceed 5°. Tor battle-
ships and larger vessels it will be from 20° to 25°. It has been
very evident from work on destroyer compasses that any metal
body in the vicinity of the coil house which forms a closed electri-
cal loop will cause excessive deviation. Brass rails or wire rope,
awning supports, and particularly mainmast stays forming loops
will cause deviations as high as 45° on destroyers. When these
influences are removed, it is found that the calibration curve paszes
through zero deviation very close to 0°, 90°, 270°, and 360°, which
is normal.

(5) While battleships genersally show a maximum of 20° to 25°
and are approximately 600 feet in length, one vessel, 700 feet in
length (the Mount Vernon) has a maximum of 15°. The latter
installation was located much higher than is ordinarily the case.



A.
Article.
B S (T2 o R I 31-859 to 31-£60
A and B group, radio compass eqUiPIment. cooeee ittt iii i i .. 31-916 to 31-918
Absorbing circuit capacity, 20-kilowatt arc transmitter - 31-272
inductance, 20-kilowatt arc transmitter. .. .. 31-271
resistance, 20-kilowatt arc transmitter .. 31-270
wave length of, 20-kilowatt arc transmitter 31-294

Acceptor-rejector equipment, model E....... [ 31-634 to 31-635, 31-654, 31-656 to 31-658
model F.. . 31-634 to 31-635, 31-654, 31-656 to 31-658

model R. . 31-634, 31-653 to 31-655, 31657 to 31-658

eircudt. .. iiiiiiiiailLL 31-625 to 31-663

Accessories, 500-cycle, quenched spark transmitter. .. 31-136

Accuracy of the radio compass.. ..o..ooiieaieao 31-604

Activities afloat, communication facilities. 31-21

communication facilities... 31-6

“tion 31-15

with aircraft shore units.. 31-18

with ships._. 31-18

with shore u 31-17

shore, communication facilities. .. ... ... ..o ... 31-29

with aireraft at sea, communiecation facilities . ......o..... ... ... .. ... 31-19

Adjusting carbon, 20-kilowalt are transmitier. ... oo e i 51-285

inductance, 20-kilowatt arc transmitter. .. ... ....oooooi i 31-267

mechanism of are, 20-kilowatt are transmitter .. ... ... ... ... ... ... 31-263

wave length, 20-kilowatt arc transmitter ... .. .. ... .. ... .. ... 31-262

Adjustments and tuning, high power, quenched spark transmitter ... .. ... ... ... 31-132
Adjustmient, final, TeCeIverS. oottt i e

fine, receivers

power, 500-cyele quenched spark transmitter......... ... ...,

of acceptor-rejector in model R booth ... ..o ool
alternating current supply circuit, auxihiary spark transmitter...........
auxiliary spark transmitter break key, send-receive. ... ..................
back coupler, receivers...o.o.ooiiiiiiiiiiiiiaiiaaa.

vacuum tiibe detector ...

break key. auxiliary spark transmitter..

coupling, receivers ....... ... ........

crystal detector.....
filament current, receivers. .. ..

vacuum tubes, receiving. .

23 T 01

main-line contactors, 20-kilowatt are transmitter. . ..o ... .. ...,

Advantages of are transmtter

radio-frequency driver or heterodyne. ...ttt
radio-frequency amplification. . .. .. i .
Aids to selectivity, model RB receiving equipment
Aircraft antennas, directional effect. ... i
at sea, communication facilities, activities with. ... ... ... ... il
drills, emergency kite antenna............ i 31-435
emergency COmmMUIICation. .. .. ... . i i i e 31-431 to 31-435
B335 0] 1143 T U 31-427 to 31-430
maximum methed, radio compass. . . S . A1-009
FAAE0 COMPASS. « « .ttt et ot et e ettt e 31-424 to 31-426
COLLa ettt e 31-423



31-222 INDEX.

Article.
Adrcrafl Tadio eQUIPIEN .. c. i it ctaraeieire e aaa e e aaaeaanaa e 31-100 to 31-435
tests of, preparatory toflight ........ ... 31-416
installation F-5-Lo .. oooieiiierrmammeiiiie i . 31412
receiving equipment........... .. 31-11% to 31-430
3007 00 b1 R v NPT RRPOR PP 31-407 to 31417
receiving eqUEPIIENT ... . .uuvuner et e e 31-418 to 31430
shore units, communication facilities With.. ... 31-18
transmission, continuous-wave 31-417

transmitter, Chaffee gap ... 31-409 to 31-412

quenched spark . 31-409
FACUUIN FUDC. - o et iereee e e e ea e e e e ace e a e ea e mn s 31-413 to 31-417
Allowance of furniture, communication stations. ..o 31-65
Alterations and repairs to acceptor-rejector ¢ireuits . ...ooocvvoeiiiii oot R 31-662
Alternating current supply circuit, auxiliary spark transmitter ............. . 31-179
Alternator, field sets. ...t 31-883
Ammeter, antenna, pailel, TOLON, DUZZET ceeenniiiiiiinn i 31-213
quenched spark transmitter. e eeeeiaaan 31-125
20-kilowatt arc transmibter. ouveree v 31-269
filament, vacuum tube detector 31-553
Amount of amplification, radio-audio-freqUency.....ooocovrireiiiiiiii i 31-532
Amplification, aUdIo-fIeGUENCY ... s v ieer ittt e 31-554
model TC vacuum tube transmitter «oovevoioi e, 31-335 to 31-357
racio compass, SHIPS. .. oovive i . 31-927
Amplisier, audio-frequency, acceptor-rejector circuits . 31-650
and radio-audio-frequency. .. ...

vacuum tubes USed in...o..aeiieereii i 21-811 to 31-813
CONLECLIONS, TECRIVET L v et ieeneneerereanraceennans 31-493
radic-audio-frequency, model RB receiving equipment. 31-690

vacuum tubes USCd in «euee e aieiiiiaia i
radio compass, AefectS Il u e i innreeserean et 31-986
SE 1600, operation of. .. 31-330
series, SE 1000, ODEration Of . . cveeeetiaie it 31-530
3-stage audio-frequenty .. ouvreenn i 31-523
Amplifiers, aireraft TECEIVETS. ... . .euemreriaaiii i 31421
Amplitude of oscillating current, arc transmitter...... 31-258
Annual report of shore communication stations................ . 31-71
cominunication activities, commandersin chief........ ... ..o 31-70
on eommunication installations, commanding officers...................ot 31-72,31-74
on communication installations, distriet evaft. .. .. ...t 31-73
Anode tip, lining up, 20-kilowatt arc transmitter .......oooooveimenonnnnnnioaaoaens 31-284
to replace, 20-kilowatt arc transmitter . 31-284
Anode, 20-kilowat! are tranSIMILEET .. oo cemeeamninmn i 31-266
Antenna, aireraft, direetional effect. ... ..voeeioiiinnii s 31-417
ammeter panel, motor-buzzer, transmitter 31-213
quenched spark transmitter 31-125
20.kilowatt are transmitter.............oo ool J. 31-269
auxiliary, 10CatIoN Of oo s 31-186
CIFCUEL, TECEITOIS e vt ca e vmmaaeaeaaa e et iie e s e ceas R 31-457, 31-484
500-cycle quenched spark transmitler......oooeroneaimaannmaaaaens 31-107
condenser dial method of tuning receivers.. ... coiioiiiiiiiiiiiiiinn 31-483
.- 31-155
... 31-911 to 31-912
.. 31-830
ground, vacuum tube transmitter....... P 31-333
KILQ, @INCTZRIICY o c e meeenmaeameenam s mn s e ettt st 31-433, 31-434
leak coil, acceptor-rejector CArCUIt «.ovae e v iiiii o i e 31-645
lead, radio COMPASS, SHIPS. «vveeeanmuasenmnoi i ciiiiara it 31-927 to 31-923
loe.ding coil, acceptor-rejector CIreuits. . vanva e 31-637
IV ACEAIICE -+ w e e e e ee e eeeeeeeasneamee e e ee e men oo aeens 31=121, 312136, 31-147
inductance, 20-kilowatt arc transmitter.....ooooeeiio it iiiiiiieen 31-267
raodel B receiving equipment con . ooveiiiiia o i 31-683
e R G L Y 1o SR 31-101, 31-107

FBUED COMIPASS. « e avmasan e mnmemn s aeaemaeem s s mmm s sa e e nas s naennn 51-006, 31-927, 31-928



INDEX. 31-223

Article.
Antenna, small receiving. .. ..o Laieais J IR, 31-525
transfer switeh, 20-kilowatt arc transm 31-283
tuning condenser, acceptor-rejector circuit 31-647
inductanece, SE 3524 ... oeieiaas 31-636
[N DI 3% OO et 31-646
TOCAIVOTS . - oottt et e e 31-43
Apparatus, radio compass, tests of .. 31-9387 to 31-598
Application of tuned telephone ... 31-726
radio compass, practical.......... 31-908
Appror on for wire lines, communication station 3147
Are adjusting mechanism, 20-kilowatt are transmitter 31-265
breaking, 26-kilowatt arc transmitter ... .o ooiiiiiiii e 31-277
chamber, 20-kilowatt arc transmittoer 31-266,31-288
cireait, simple coooiiiiiiiiaann 31-256
converter, 20-kilowatt are tran 31-266
siriking, 26-kilowatt are {ransmitter ... ...oooeoiiiiiinnnn . 31-266
transmitter.. .. .. 31-250 to 31-297
cireuit o oaanonn . 31-262
operation, peculiaritics of . . 31-293

20-kilowatt transmiteer oee. 312264 to 31-297
Arrangement of instruments, radio compass, ships . 31-928
. 31-210

Assignment of radio material officers. . oooaoniiiiiiii i - 31-10

Audibilily measurements. .. 31490

Audio-frequency amplification 31-564

amplifier . .ooiiieineanaaanns 31-527 10 31-531

acceptor-rejector circul 31-630

BoSLAZE - v e mem e et e aes 31-528

Authority at isolated radio stations. . 31-9

‘or expenditures, communication stations.............. 31-60

Autodyne reception, vacuum tube detectors 31-562

Auxiliary antenna, location of. 31-186

SPARrk traNSIIIEECre. Lol e s s et 31-150 to 31-186

B.

< B battery 31-858

B greuy. radio compass equipmen 31-916,31-918

Back coupler adjustment, receivers 31-476

vacuunt tube detector .. 31-563

PBalance of inductance, auxiliary spark transmitter 31-172

Balancing, 10tor buzzer transmitter ..o oo e i 31-217

unit, constants of, model TB radio telephere transmitter 31-342

Tallzsr lamp, heterodyne. . ........oooane. 231-587

lamps, vacuum tubes ........... .- 31-815

Barrage effect, failure of, model R receiving equipment 31-664

tuning unit, model R B receiving equipment..................... 31-6%5

Batteries, polarity and voltage of, radio COMPAss. ... ..o it 31-989

POWer, TaAi0 COMPASS 1o vn ettt 31-924

STOrage .- .. . .. 31-S81 10 31-5od

radio @QUIPTIENT L. i it 31-850 to 31-86+4

iver, radlo COMPASS. cvameaercniacnrmnnnmmmeanns . 31-923

- vacunm-tube radio transmitter, grounding 31-333

Battery leads, radio cOmPass, ShiPs. . oeueee i 31-952

Battleship equipment, acceptor-rejector €irelits - oo vievi i 31-654

Bearings by 12010 COMMDASS - e att vt n e 31-9s1 to 31-983

radio compass, correction sheets, for ships. 31-967

Bids and contracts, communication STations. ... 31-61
Tilower, auxiliary spark transmitter ... e 31~173 4

Pooih entering fitting, acceptor-rejector circuits . 21-648

Dicuk key, adjustment of, iary spark franemitfer. . 31-177

auxiliary spark transmitter ...... e 31-171

83156°—22—15




381-224 INDEX,

Article.
31-535
3-8
31-347

motor-buzzer transmitter 31-210
i "ml service. 31-22
31933,

. 510 31-937
Bulklicads, radio compass, ship. .. 31-952
Bureau of Engineering, Radio Divis 31-5
responsibility ommiunicati ations . 31-2%
Buzzerassembly ... .o 31-210
coupling coil, acceptor-rejector cireuits ............. ... 31-642
motor, relay 31-210
Transmitlers. ..o .. oo 21-200 to 31-228
signal method of tuning receivers. ... ... . e 31-4%3
test, receivers. 31470
wheel...... 31-205, 31-210,
31-223,31-225

.

C group, radio cOmMpPass eqUIPIMEN ... ..ot e 31-915, 31-913
Cables, shore radio compass STALLORS ..o oottt oo e e 31-940

Calibration curve, radio compass, ships_.... 31-966 to 31-967

data form, radio compass, ships. . 31-959
for wave length, radio compass, ships 31-927
shore radio compass stations 31-941

ofantenna cireult, FeCCIVerS. oo i 31-434
racdio compass, report on
ships.. ..

shore radio com

receiver 31-969
51930

31-980

radio compx
Capacity, absorbing circuit, 2
ve of condensers. .
eteredne. .
Carbon, adjus: 2(-kilowalt arc transmitter ..

«

holder, Zo-kilowatt arc transinitter 31-266
replacing. 20 kilowatt are transwiditer. ... o . 31-236
Care and operation, instruction and data, eommunication facilities.. ... ... .. 31-4

upkeep of acceptor-rejector cireuits
are transmitter
auxiliary spark (
interphones, air
motor-buzzer {ransmitter,
qun ‘(‘hLd spark transmitter

51-658 to 31-663
31-207
31-18510 31-1%6
31-429

31-223 to 31-223
3-138 1o 31-149
31-401 10 31-500
31-767
31850 to 31-%
31
31-896

31-%4
0%t to 31-985
S1-67

in handling w
of batreries,
COUNTELNHO

all:.:

Cath le.
Canses of d
Canse of revus
Challve g

31-032, 31~

31-H31
-1 to 31—
3 31-2v9y

flmlltl \unal .\uon:.'tn, eceptor-refector.
iransmnitter, aireraft .




INDEX, 31-225

Articie.
Changes in communication installations, repori 0N ... 31-72,31-81
wavemeter, making 31-763
Changing wave lengtih, 20-kilowatt are transmitter.. 31-2<1
(‘haraeteristies, motor buzzer. 31 ’70‘

arzing panels, radio compa

uni 31- bho
hest, transmitter and receiver, field se 31837
Cireuit, antenna, receivers 21457,

31181 to 3113t

500-cyele quenched spark
arc transmitter, practical..
simple.
breaker, 500-cyele guenched spark
capacity, absorbinzr, 20-kilowuatt are tr(m\ml ter
formed by ship’s rigging, radio compass.
indnetance, abzorbing, 20-kilowatt are transmitter
intermediate, model R B receiving cquipment ..
loop, model R B receiving equipment
motor buzzer
model T'B radio tejephone oc1m~>mem
parallel oscillatory, theory, acceeptor-rejector eircults. ..ot
primary, auxiliary spark transmitior ... o o
resistance, absorbing, 20-kilowatt arc transinitter
secondary, fine adjastment of, receivers. ...,
model RB receiving equipment
series oseillatory, theory, acceptor-rejector tircui
FRESoTa s IR Z0 (]33 1143 L
typical osciliating vacaum tuhe
wavenieter, CSSeNTIal ... s
500-cyele, quenched spark transmitter
(ircuits, acceptor-rejector
coupled, vacuum tube transmitter:
low resistance, necessity for, radio compas
model TC vacuum tube transmitter

X transniitter

series and parallel oscillatory, combination of, aceeptor-rejector

short, radio compa
ping bars, auxiliary spark transmitter.
zes of amnlifiers_. ...

spark transmitte

Cloaning receivers Lo e
Cleararnice, rot spark gap, s00-evele quenched spark t' mnxhlto'
Closed eircuit, 500-cycle guenched \mr < transmitter
Cooling, water, 20-kilowatt are trans
Coast Signal Serviee

£ T

a, acceptor-reject
huzzer coupling, acceptor-rejector ¢
heterc

roceivers model 13 rec

coupling, aireraft rodie. ... .....
shield ..

loading, aux r" transmitter
primary, transfo r, 300-cyele mu‘nv’h‘ 4 spark tra
radio compass, ai
defoctsine ...,
Airact.envront raci

tance of .
(i1, reactance, 500-cvele quienched spark transmi ttm
series ficld, 20-Kilowatl are {ransmUilToT. oo unu it

31

31-270
31459
31-6%)

FAESTAS)
31085
3111t




31-226 INDEX.

Collector system, model RB receiving equipment........oo i iiiiiia...

Cellectors, small, signal amplification. ... ..o

Combination of series and parallel oscillatory circuits, acceptor-rejecior

Combinations, power, flekd Set8. .ttt e e

Commanders in ehief, annual report on communication activities.. ... ... ... ... ...,

Commanding officers, Air Forces, monthly report on communication installations. ..

report on communication installations. ... ... ...,

Common faillts, TeCeivers ..o oo

Communication activities. ..o . i ..

TCPOTES OTl. .. i

emergency, alrerafl . ..o

equipment, inspeetion of...... ... o L
installationof...._...o.. . ... ... ...

manufacture cf

testing of . ..

itien, activilies afloat

ashore

life and property, preservatio:
maintenance
patent
preservation of life and proj.:
program of expenditures
provisions for operation
public works projects
repairs

and alterations ...,
reguisitions
research. .
seope of yards...... .
technieal data on.

tosts. .
field sets of Marine Corps
installation, casualty to.. oo oo o .
installations, district craft, report on..... ... ... L ...

forms for reports on
maonthly report on
quarterly report on

test of, radio comp.
requirements of fleets.
serviee, naval, administration of
station, aceountability of officer in charge
officer, duties on being relieved

report by, on taking charge .

stations, allowance of furniture

cfficient operation............ i
efficiency of plant....
expenditurces

Article.
31-678
31-323
31-630
31-883

31-70
31-83
31-72,31-74
31497

31-5

31-69 to 31-85
31-431 to 31435
314

314

31-4

31-4

3i-21

3i-29

31-15
31-19
31-18

31-4

314

31-20

31-7

31-7

31-7

31-1

314

31-7

31-23

31-12

31-24

31-23

31-4

31-4

31-4

31-1C

314

31-4

31-20

31-35

31-82

31-73

31-85
31-70, 51-50
31-75 1o 31-78
31-72, 31-81
S1-045, 31-070
31-920
31-985

31-7

31-3

31-43

31-45

31-44

31-65

31-47

31-61

31-56
31-53

31-60

21-65



INDEX. 31-227

Article.
Communication stations, inspection of. . . 31-43
inventory . 3142
isolated..... ... 31-9
31-33
vard but within naval district. . 31-32
part of Marine Corps detachment - 31-34
Quarters..... ... - 31-64
request for repairs.. .. ... R 31-53
requests and requisition 31-53
responsibility of officer in charge of. . 31-41
scope of material inspection e -. 31-51
shore, Bureau of Engineering, responsibility at 31-28
list of. 31-62
minor reps 31-33
repairs by personnel of, 31-37
reports of inspeetion of 31-49,31-54
transfer of officers in charge of. . . . 31-46
within maiutenance vards 31-30
within naval air stations. ... . .. ... . 31-31
31-39
31-921
31-4
31-927
calibrating vessel, radio compass, ship......o.... . 31-965
Comparison between model RB and other receiving equipment ... ... 31-676
Compass coil, aireraft, radio... ... ... .. 31-423
radio, afreraft.........,..... ... 51424 t0 31-426
- 31-900 to 31-993
31-912
condenser, SE 1762 radio comy 31-994
shore radio compa 31-944
ion curve, shore radio compass stativ 31-979
Compensation, excessive, radio compass. 51-993
wave, arc transmit ters 31-259
Condenser, antenna tuiiing, acceplor-rejector cireuit e 31-647

as, are transmitter, current t.unsforming eircuit
suxiliary spark transmitter. .
bridging, receivers.... ...
compensating SE 1762 radis compa
shore radio compa

rejeetor, acceptor-rejector cireuits..... . ..
setting, radio teicphone, aircraft .
tuned telephone ...

1y

Kiransmitter. ..o oo oL

)
31-760

Conden: . 31-820
ditions for oscillation, vacuwm-tube transmitte 31-330
Connections, arc transmitter . 31-294
heterodyne 31-590
Connecticns, model RB receiving equipment 31-691

adio-audio-frequency amplifier 31-537
transmitier and receiver chest, tiold sets......... 31-887

Constants of balancer uait, model TB telephone transmitter. ... ... - . S1-34
Construction of buildings, shore radio compass stations. 31-937
Contact relay, double, 20-kilowatt arc transmittter. . . 31-273
Contactors, main-line, adjustinent of, 20-kilowatt are transmitter. . ... 21-229



31-92928 INDEX,

Continuous-wave, te

T tubL tmnsmiilcr
Contour of coast hnc, shore radio comp.
Contracts and bids, communieation sta
Control. hydrocarbon, 20-kilowatt are
of fiilament cuirent, vacuam *U s, receiving
s\viichhmv‘(l o0kilowatt arc iransmitter. oo e

(‘ooror.mov bem cen public \"orks and radio material ofit

with other bureaus, (mnm‘ nication facilities
Copper strips, atuxiliary sp
Correction shocts for T 1(‘10 co

Coupled c?rcmts.

Coupler, baclk, receivers............

auxiliney spark transmitt .

inductive, 500-cycle quenched wml\

Coupling, adjustment of. receivers

and decrement, motor buzzer frausmitter

auxiliere sy transmitter.

board, rm\ﬂmr\ spark tran
condensers, auxiliary s

elick method of tuning, receiver

coil, receivers.....

buzzer, acceptor-rejector cirenit.. ..

T e Lo e o T AR R TEER

model R 3 receiving equipment

shield, receivers

loose, receivers..ooaeeeaananns

model T B radio telephone t

optimum, receivers

Cranking engine, field sefs

Crystal-audion switeh, rece

Crystal detector, adjustinent 6l oo oo oo i

deteciors....

‘Current, antenna, anxi

filarnent, adjustruent of, recel

model TB radio teleph

yvacuu-tube detes

- 31-806 tc 31

31-3:44, ¢

B1-812.51-%14

plnie, modo T8 radio !cmpnmv‘ transmitt
‘ln-froq:mn('_\', test for, in radio coitpass communics
wisforming eirenit, are transmin :
Curve, calibration. radio cor

commpensat ng cendenser v

.

D group, radio compass equipment 31-917 to
Data form, radio compass
periormance, shore radio e
plotting of calibration of shore
technical, communication fari
Decreraent anld coupling, motor b T, transmitter
radmtfon, 500-cycle, yuenched spark

lihratic




IXDEX. 31229

Articie

efiective, a"" transmitier.
Defective telephanes, receivers...o.....
transformers, audio-frequency
uenched gap, 500-0y

unit, acceptor-rejector (‘nvmts ................................................. :%1—('(‘~0

Defects, catizes of, radio comPass, ShIPS ... oo
in amplifier, radio compass

radio compass coil

receiver, radio compas -Gv4

of installation, radio compass... 31-007
minima, redio compass....... 31-0M
Deformaticn of filament or grid, model TB radic telepdone transmitier...ooooooennnes 31-347
21528

RIS R R:

Hi-cvele gench
medel RBreceiving equipment
edel TB radio telephone transmitter. oo ‘
0'1(1 TC vacuum mbc '1‘;‘.11.\':1u:tf:r

A6 10 31-362
to 31-215
31-851
B1-330
'3]—926

s..onm,bm*e‘

Design, commiti
Destroyer instal

Details, calit
Detector, !ouu
Detectors, cry
A} a[lx.lmJ
Determining directios, aircmﬁ r-u}io G
Develepment v
Deviation, o‘((vﬂ\,bl\‘e, rmho compa
Device, indicating, wavemeter L. L
Devices, protective, anxiliary spark transpnu
resonance, indicating, wavemeer
0g-cycele \1.:011011(,u
Dial, setting, calibration of radio con
shote rudi

,/‘

Diaphragm
P

\u,) 1y, n.nf')r—‘vm, g

Direc mini nwr mr(..JI radio com

Dxead\':mtagm of v
Distortion of wave,
District commun

crait, annual report on commumcau(m ins
Division, Radio, Buresut of Engineering
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Article.
Double contact relay, 20-kilowatt arc transmitter.. . 31-273
reception, acceptor-rejector cirewits. ................_...___..... ... . 31-833,31-635 10 31-657
Drills, emergeney kite antenna, aireraft. . ......... ... 31435
Driver, radio-frequency, model RB ,receiving equipment 31-63%

to 31-591
31-265
31-310

31-45
31-14

Drivers, radio-frequency or heterodyne

E, model, acceptor-rejector circuits. . . 31-631 to 31-633, 31634, 31-636 to 51-658

Edison ‘‘A” battery,radio equipment 31-859
Edison ¢“B” battery, radio equipment.. . 31-838
Effect, directional, aircraft antenna. ... .. 31-417
Effective decrement, are transmitter........._...... ... 31-252
Efficiency, aircraft radio transmitter 31-103
of operation, communication stations..... ... ... ... .. 21-56

plant of communicationstation ................ ... .. 31-53

-334

]alectrom‘igqctlc ehl(}ldl]l I"‘le compass, shxps

shore radio compass stations

uoco:mr,anww
~ "
&
ot
@x

Electromotive force in loop, radio compass. .. ... .o 1-907
Elimination of intcrference, auxiliary spark transmitter 1-151
Emergency kite antenna, aireraft..................... 1-433

power supply, radio tranamitiers 1-85¢

Engine, ficld set....._........ ,31-892
Equipment, aceeptor-rejector, types of 3:—-334
aireraft, radio receiving.. . 31-413 to0 31430

of "alibrating party, shore radio compass station 31-973

31-876

radio, alrcmft 51-400 to 31-435
radio compass 51-090 to 31-098
model TC transmitter.. ... . ... ... .. . ... ... ... ... . 31-349 to 31-3469

receiving, large planes 31-422
telephone, model TB 31-339 to 31-34%
record of, shore radin compass stations 31-546
Establishing radio comrmunication with extension station, modcl TC transmitter 21-364
Establishment of communieation units... ... ... 314
Example of calibration of radio compass, ships...................._......... ... 31-964
Iixeessive compensation, radio COMPASS. ... .....ooeiieoie 21-998
deviation, radio compass 31-998
31-864
21-60
31-23
31-39
31-20
3i-364
31-658
31-596
3i-694
21-478
vacuum tube, model T'B radio telephone cquipment. ... ... ... ol-347

to amplify, audio-frequency amplifiers ... .. k3
oscillate, vacuum-tube detectors 31-33¢
receive, receivers .o, oo ..., 21-496
radio-audio-frequency avuvlmcrs 31-533
suppressinterferenee, tuned telephone. 31735

statie, tuned telephone. ... oo o 31-T37



INDEX.

Faults and remedics, acceptor-rejector Cireuits. . ... ..o.viiiiiiii et
aireraft radio equipment . ...l
Are, LranSMmItEer. ..o . v
audio-frequency amplifiers... ... oo ool
- batteries for radio equipment . ... ... ..l
COMACIISETS. - e ee v eeameeameaecnamaeananam e e samacancemeanaconaan
crystal detectors.............oooal .
field sets. .o i ..
heterodyne
model RB receiving equipment. e
TB radio telephone transmitter............ e
TC vacuum tube transmitter....o.................
power storage batteries... ... .. oo
radio-audio-frequency amplifiers...
TG0 COIMIPASS. - - e asenenmneememsa e e s a et aemaasaean e enanas
P USRS RP R
telephones.. e e e
tuned telePlIONe. Lo vanae ittt
vacuum tube detector. ... ... ool
FECOIVINZ 4 v v et vvemeee e et i
wavemeters
F-3-L, radio installation
TField coils, series, 20-kilowatt are transmitter....................
Field sets, communication, of Marine Corps....ooevevaiaaaaaiont ..
equEPMENt. ..t aaaaeas .
Field strength, 20-kilowatt arc transmitter... .. ... oo
Filoment ammeter, vacuum-tube detector............ooiviiiii i ..
and plate supply, heterodyne ... ..o s
current, adjustment Of, TECOIVETS ueunn e erie et et iea e aae
model T B radio telephone equipreent. ... ..oooiioiiiii i iiiiiaas
vacuUM-LUDE GEEECTOT .« v n e e e i e
TACUNIN-tUDES, TCCCIVINE e o et it e
roeostat, vacuum-tube detector..ovon oo
Filter system, vacuum-tube detector.....covaeniieiiiaiiiaiins
Final adjustment, TeCeIVEIS. o vuieumarmmnaraeaan e
Fine adjustment, receivers.....ouueneamaeass
Tirst stage of amplification, audio frequUency.eeaeeeauaa....
Tish paper gaskets, 500-cycle quenched spark transmitter.....o.ooooooi
Five hundred cycle, circuit
quenched spark transmitter...

Five-kilowatt 500-cyvcle quenched spark transmitter, type CR1125. ... o .-
Fleets, communication requirements of ................ e e
Flight, tests preparatory to, aircraft 1adio 6qUIPICI . evennnniiiiiieee
Floor covering, communication StatomS . o ioee it e aiin it
Forms for reports on communication installations........cooooiiioiiiiinns .

Form, radio compass calibration data, ship
Frequency, group, 500-cycle quenched spark transmitter. ..

resonant, of 500-cycle circuit

spark, motor buzzer {ransmitter..
Function of Radio Material OfficeT.....ccannn.ns
Functioning of Naval Communication Service
Furniture, communication StatIoNS.eeseeasaseeernemenermman e

Gap, Chafice, transmitter, aircraft.
motor buzzer............. corsa
quenched, sparking surface. .
rotery, adjustment,

Gaskets, quenched spark gap

General information, shore radio compass stabtions............... R,

instructions, 20-kilowatt arc transmitter.........coviieiiiiiiiiiiiel .

31-231

Article.
31-658 to 31-663
31-417
31-295 to 31-296
31-531
31-835
31-819 to 31-820
31-810
31-890 to 31-896
31-593
51-694 to 31-698
31-348
51-365 to 31-369
31-864
31-338
31-931 to 31-986
31-497 to 31-500
31-805
31-735 to 31-737
31-565 to 31-366
31-813
31-767 to 31-772
31-412
31-266
31-35
31-875 to 31-896
31-292
31-553
31-591
31473
31-344,31-345
31-356
31-812,31-814
31-554
31-538
31439
31439
31-527
31-145
31-105
31-103 to 31-149
31-112 to 31-149
31-77
31-416
31-66
31-85
31-959
31-102
31-130
31-207
31-13
21-8
31-95

31-419
31-205
31-143
31-146
31-145
31-948
31-274
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Artiele.

model TC v
public, communication f
Generator, failure of, field set
motor, 500%evele quenched spark trans
Generators and batteries, position of, vacuum tube transmitters
Government activities, communication facilities..oooon o .
Grid and bridging condensers, vacuum-tube detec
condenser and. feak
leak, heterodynie ..
vacuum-tuhe detector
Ground gystem, shore radio compass stations
Grounding shields of model RB receivit
Grounds, radin compass. . . . . A
Group C, radio compass eqQUIPIMeNT e e o coi i
D, radio comipass equ
frequency, 500-cycle qienched s
of shove rardio compass stations
Groups A and 13, radio compas

ITeight above decks of radio coma
Tieimets
Ieterodync capacits
or radiefrequency éri
hpower adjusiment
PESISLANCE, TECCIVErS L oottt ieeii e st ae i eaevnaeanaas
roeky ground, cffect of, at
Missing, model R 3 recciving cq:

ITolder, carbon, 20-kilowsatt arc tran 3
Howling, audio-frequeiey am 31-531
model 1L B recej 31-695
Iiydrocarbon contrel, 20-k 31-265
supply of, 26-ki 31-261

x.

Impedance, motor buzzer tr: 31-211
Indicating devices, resonance wavemeters. e..e B1-732,31-762

31-220
31-753

Indieation ef radintion, inctor-buzzer ira

resonance, w

20-Filowatt

vatiqretra

Inductance,

asting, 26-kilow
antenna, loading

L
centor-reje

Lier

FEJEClOr, DCCLOrT
switch, rece
tuncd telephone
waveneters ... .
20-kilowatt ave radio tra
Inductive back coupling, coupler, 300-cycle
receivers...
Information, general, shore radio co
G accepior-rejector cireud
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Inspection of communication equipment
station by representative of the Cepartm

CRTIOTS o eeemi e mnemsm e

emergency kite antenna, aireraft

F101C SOES weeememammeaana e

reports of shore communication s{
report of trans-Pacific high pows
Insteilation, battloships, aceeptor-re) ector cirenit
defects, radio compa
of communication equipmIent ..o voanee e
radio, F-3-1,
receiver
ong, destroyer, aceept or-reje
radio COTPASS, SHIDS . oau st oo
shore stalions
ructions, technical, mmm\'mf'xtmn facilities
i calibrating vessel, radio compass, ships
onkilowatt arc transmitter
;, arrangment of radic comp
shore radio compass stations...
¢witchboard, 503 e gienched spark transmatt
rv spark tra ERt 11 1R TN S
vation of
failure Lo suppress, tuned telephone .
it, model RB FOCOITITIE CGUIDTICIL oot 31-679
31-430

etor ¢

Tnic
Inierphones, aireraft.........
Interphiene unit, model TC ¥
Tnterrupted continious wave transiiss

vacuum-tube transiaitie

...... 31-171

31-174

mitting, _"L 231-269
31-63

tiing, relay, 20-kilowatt are tr2
miiter. .
aircraft.

31-256,3

.................................................... 31131 to 31-43

17

Iite anicr

ight-ves
Lightning«
Ll\x.L\ field s
Lining up anode
List ofshorecomim
fran apitting vacnum tabes....

O\‘,‘:\’(L I‘"(‘L‘O ransmitt

g quarters, communication station . :

. L ACCEDTOT-TEECLOT CITCUIL . Lo 51
All\xlmr- spark transmitter........ . . 51-107
ductance, antenna, quenched spark trans SHHHE ,51-136, 31-147
20-kilowalt arc transuiitier. 31-267
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31-234 INDEX.

Article.
Local metal, bodies, influence on shore radio compass, ships..................... .. ... 31-998
radio compass stations ..., ... .. .- 31-952
Location for radioreceivers. ... ... ... ... _ .. 31-491

of auxiliary antenna ......_._ ... .- 31-136

Loop, radio compass, ships._........................__ 7 . 31-928

model point of potential, acceptor-rejector circuits. 31-632

shore radio compass station. .........._......._._ 7 31-936

Long-wave receiver, model RB receiving equipment ... ... 31638
Loop circuit, model RB receiving equipment................_. .. 31-636
coupling, aircraft radio receivers. 21479
model RB receiving equipment. 31-634

radio compass..............

receiving, amplification used in................._._ ...
Loud hissing, model RB receiving equipment..... ... ... . 31-697
Low power operation, 20-kilowatt arc transmitter. ............. ... 21-276
Low resistance circuits, effect of, radio COMPASS ..o 31-13

R 31-290

. 31-1

3l-4

31-332

31-34

...... 31-35

........................ 51-879, 31-835

Material inspection of communiecation stations, scopeof.. ... 31-51

Maximum method, radio eompass, alreraft. ... 31-909

output, adjustment for, vacuum tube transmitter... ... .. 31-331

. power adjustment, quenched spark transmitter........... ... ... 31-133

Measurements, audibility. ... T 31-430

Medium wave receiver, acceptor-rejector cireuits.. ... 31-649

" Metal bodies near-by radio compass, ships..... R Rt 31-950

shore radio cormpass stations. ... ... . 31-993

Meters, auxiliary spark transmitter ... T 31-175

Method of calibrating radio compass, ships......... . ... ... 31-952

Mica gaskets, quenched gap. 81-145

Minima, deiects of, radio compass 31-934
quality of, radio compass ships 31-92

Mivor repairs, communication stations. ... ... 31-38

Misceuaneousradioapparatus..............,............ Tl LLL B1-80C to 31-323

Mission of the Bureau of Engineering, communication facilities 31-7

Meodalation, failure of, model TC vacuum tube transmitter.... ... 31-367

model TC vacuum tube transmitter..........___...... - 21-355 to 31-357

vacuum tube transmitters................ cees 31-336

Modulator tubes, aircraft vacuum tube transmitters.. ... 13-414

Model E acceptor-rejector equipment ..................... ... 51-634 10 31-635, 31=654, 31-636 to 31633

I acceptor-rejector equipment........o_..o. o 31-634 to 31-633, 31~654, 31-656 to 31-638

R acceptor-rejector equipment.........o_. 31-631, 31-653 to 31653, 31-637 to 31-658

R receiving equipment. ... 7T 31-675 to 31698

TBmdioLelephoueequipment.“ ceveeno.. 31339 to 31-3 43

FC vacuum tube transmitter........ T 31-349 to 31-363

............. 31-79, 31-80

............... 31-174

................ 31-209

TelaY 31-210

ANSIILers. L 31-200, to 31-223

fleld sets. oo 31-833

............. S1-113, 31-136, 31-139




INDEX. 31-235

Article.
Naval Communication Service, admunistration........................................... 31-3,31-8
functioning. ... oo o L. 31-8
Necessity for calibration of shore radio corapass stations. ... ...... ... __.......... 31-968
radio compass, Ships .. eveiiiii . 31-949
Nettgs for beds, communication stations. . ... PN 31-68
Nodal point of potential, acceptor-rejector circuits. 31-632
Nonoscillating condition, vacuum tube detector. 31-560
Note, poor, motor-buzzer, reason for. 31-226

0.

QObserver, calibration of radio compass, ships 31-939
Oflicer in charge of communication station, fwcountal 3143
3141
Open circuits, radio compass . 31-986
D L 31447
telephone, radic. 31-865
wavemeters.......... 51-771
Open or shert circuits, SE 1440 TCCOIVer .. ... oo oo 31-961
Operating requirements, receivers. ... .. 31-471
Operation, efliciency of, communication stations .................... .. ... ... ......... . 31-56

of acceptorrejector cireuits.

- 01-652 to 31-657

aireraft yadio compass ¢oil. ... ... L 31-428
are transmuiters.. ... o o 31-274 1o 31-294
audio-frequency amplifier.... ... oL . 31-530
auxiliary spark transmitters...... ... ... ..., 31-177 to 31-181
batteries, SE 3325, . 31-853
Chaffee gap transmitiers, aireraft ... ... . . . .. 3141
erystal deteetors. . ve el 31-88
emcrgeney kite antenna, afreraf™ ... ... 31-431 to 31-435
e SRS et e 21-854 10 31-8%3
heterodyne. 31-390 to 31-592
interphones, aircrait 31-428
model RB receiving equipment. ... o ... 31-6921021-663
TC vacuum tube transmitter. ... ... 31-363 to 31-364
power storags batteries, radio equipmer: ... . L. 31-864
radio corapass coil, airereft, 31-425
receivers..oo.o... [ e e e e ieeiiaeiiaeiaaan 1-471 to 31490
31-763 to 31-766

31-943

21-992

31-991

. 31-993

1762 compensating condenser. 31~ 094

motor buzzer transmitter

TAAI0 COMPASS. « e e me i eet ettt e
synchronous spark t“ammltt yalrerait. oo ool 31-408
tQ'CphODCS 31-804
d 31-T33 10 31-721
vacuum tube Qeteetors. ooon i 31-560 to 31-56¢
tubes, receiving 51-812
tube transmitters, arcraft 21-414
500-cyele quenched spark transmitter............ ... ... 31 29 t0 31-133
provisions for, communication facilities 31-125
Optimum coupling, TeCCIVer...oo.uvi i e 51-479
Oscillating current, amplitude of, are transmitter..............o...... ... . .. 31-258
vacuum tube circuit, typical............ 31-323
Oscillation, conditions for, vacuum tube transmitter.. . ............. ... ... ... ... .. . 31-330
factors affecting, receivers.... . 31478
radio compass. . . 31027

test, receivers. ... . 81-464,31-477
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Oseillations, ANTeNIMAL L ..ottt e e e ire e s et e 31- 101,41
failure of, model TC va ol—Sm
heterodyne 31-393 to 31-534
stop, tuned telephone. .. ...

Osciliator, model TC vacuum tube transmitier ..
s-electrode vacuum-tube

Gther bureaus, communication facilities, activities in connectien with
Output, maximurr, adjustment for, vacuum tube transmitier. ...l
model TB radio telephone equipment
variation of, with plate voltage, vacuumiubes........ ...

.

Panel, antenna ammeter, motor buzzer transmitler. ..o
motor starting, 20-kilowatt arc transmitter..o..ooooioiii i
Parallax, calibration of radio compass, ships. ... .vieiiiiiiiiiiiii e
Parallel and series oscillatory circuits. combination, acceptor-rejecior
oscillatory circuit acceptor-rejector circuits

Purts, auxiliary spark transmitters ..
srating, shore radio compass

stations. . 21-972 to 31-973

314
of continuous-wave transmisgion, air 31417
are transmitter operation . 31-293
Polorus, calibration of radio compass,ships.....oooooeii 31-937
Performance data,shore radio compass stations 31-047
Phase rnqlv;remoms in oscilluting vacuuru tube circu 31-3
Pick.up work, receivers .- 31
Plans for ealibration, radic comnp! -953 to 31
Plint of communication station,eficiency of . v i s 3
Plate and filament supply, Heterodyne ..o 51-1
current, model T B radio telephone equipinent 21
voltage, model T B radio telephone equipment. 31
eceivers 31—
switch, vacuumnm-tube (1010("0r 31~
TACLAM-Tubes, TeCeiVINg Lo e 31
Plytiing the data, calibration of shore radio compass stations ...t 31
Piug contaets defective, wavemeter 51
Points of reference, shore radio comnpass stations.....ooo.ooooooon . 31
Polarity and voliage of batteries, radio compass R - 31
Pole picces, 20-kilowatt are transmitter ... 3i-L
Poor amplifieation, audio freqitency .. 31-4
Portable mast, 1ol SeLS o .ottt 31-879, 31
Pu‘on' icmneter, vacnum-tube deteetor. oo e 31
Trower, baiteries, radio comy 51
equipment, 2-kilowutt are transinliter 31
Tow, 20-kilowuatt are transinitter 3L
model TC vacunme-tube transmitter 31
Totor huzzer transmitter 51-203,31

pl

cradio eompass sHore Statlons . n o
aireralt radio transtnilleTs. oL
rating of, VACUIM-ELI0S Lttt
storage batieries, radio equipmernt
\’.:[)’)I\' CIMergencey
systems, field sets
unit, stoeyele gue
field cets
m:adel TC vag
yis.general, are transmitter ...
auxilivry spark trapsmitter .
sud-eyele guenched spark tram . et .
mo«hl 1‘( Ve mlm-' vbe uansu.n“ 41-2)

Hi=861 10 31

Precaus




INDEX. 31-237

Article.
Preservation of life and property, communication facilities. ... ....ciieiiimeiiiiiiiiiiiat 31-7
Primary circuit, auxiliary spark transmitter...... 31-153,31-135
tuning, auxiliary spark transmitter 31-17%
fittings, auxiliary spark transmitter 31-1%
Principle of double reception, acceptor-rejoctor eirettits .. ..o il 31-633

beat reception, heterodyne 31-579
Procedure, calibration of radio compass, shi 31-062
shiore radio compass stations 31-978

in taking bearings by radio COmMPASS. ..o ot i e eian 31-981 to 31933
to operate model R B receiving equipment 3,

Program of expenditures, communication facilities
Projects, public works, communication facilities
Protective devices, auxiliary spark transmitler ........... ... iiiiiiiiiiiiiiaiaas
500-cyele quenched spark transmitter. ...
receiver, aceeptor-rejactor eircuits .
gap, acceptor-reivetor clreuit ... ...
Provisions for operation, communication facilities. .. ... o il .
Public works and radio material officers, coeperation between. ..
projects, communication facilities. .

Purpose of acceptor-rejector circuits
amplifiers, TeCeiviIg. .o i i iieiiiiiiaaeaa

batteries, radio equipment .
condensers

relay

miscellanecus radioapparatus....

model RB radio receiving equiprent
power storage batteries, radio equipruent. ..
radio compas
radic-frequency d
tuned telephone
vacuum tube detecto
wavemeters..............

31-927

31-75t031-73

Quarters, communication stations. 31-64
Quenched gap 31-109, 31— 117 31-106, 31-145
spark bransmitier oo 31-193 to 31-149

PS> 1 31-409

1-657 to 31-633
1-675 to 31-698

Radiation. motor-buzz

31-205

r1r~hﬂd 31-107
31-800 to 31-523

21600

21-332 to 31-53%

ivation with exten 21-304

xrcmft. .. 31-424 to 31-426

earing - 21981 to 31-933
n 1-967
ca .Abrafu/n curve, ships 51-066 to 21-067
data form, ships. ..o i 31-959
ships... 31-967
coil, aircraft.

direct-current r
defects eaises of) <hing
equipment ) to 31- 095

© 10 31-923
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Article,
Radio compass, report of calibration of ... .. .o i 31-83, 31-84
stations, shore, calibrationof......... .. .. ... ...l 31-96% to 31-980
shore, report of calibration of ... ... ... . 31-980
) 81-987 to 31-998
division, Bureau of Engineering. .. 31-4, 31-20
equipment, aircraft .. 31-400 to 31-435
tests preparatory toflight .. ... ... .ol .. 31-416
frequency currents, tests for, in radio compass communicationlines.........._..... 31-996
driver, model RB receiving equipment.................................. 31-689
driver, or heterodyne........ ... .. il 31-575 to 31-594
helmet. .. iiiiiiiiiiiceiiasaaa 51-430
installation, F-5-L 31-412
material officer and public works, cooperation between....... ... ... .ol 31-26
assignment of. 31-10
duties of. 31-14
function of..... 31-13
receiving equipment, aireraft.. . 81-41\ tc 31-430
large planes....... ...l 31-422
stations, HEht veSSels. e iureineaei e 31-36
telephone, model TB........ 31-339
Rating power of vacuum tubes...... S Qs 31-334
Rattail, fleld setS.coceeceoiiiininnns eees 31-880
Reactance, auxiliary spark transmittter.. 31-179
coil, 500-cycle circuit, quenched spark transmiticr 31-114
Receive, failure to, model TC vacuum tabe transimittor ... ... i eiean 31-368
position, auxiliary spark transmitter relay ...l i 31-177
Receiver and amplifier, SE 1440, operation of . ... ... ... .. . il 31-990
transmitier induetance. ... oo i 31-178
batteries, Tadio COMPASS cuivetuim et e aaa e 31-925
calibration of, shore radio compass stations.................. ... ... 31-969
fieldsets. ... ..ol e e e . 31-582,31-887
long-wave, model RB 31-688
medium wave, accquor« ucctor ‘ults 31-649
model TC vacaum tube transmiiter. . 31-360

proteciive relay, acceptor-rejector circaite. ... il 31-648

radic compass, defects in 31-986
SE 1210, eperation of 31-992

Receiving equipment, medel BB receiving equipiment
VACHUIIN FDeS. Lot e

Receivers, single-unit alreraft . oo oo oo e

Receiving equipment, aircraft radio . 31-#15 to 31430

model TC, vacuum tube transmitter 31-363
Reception, autedyire, vacuurm-tube detectors .. 31-562
Records, shore radio compass stations. oo ..o oo i .. 31-646tc 31-948
Reduction of statie, model RB receiving eqmpmem . 31-681
Reference points, shore radio compass stations. . ...l 31-934
Regeneration, vacuum-tube detectors.. ..o v e 31-561
Regulator, motor speed, motor buzzer tmnsmmc ....................................... 31-214
Rejector condenser, acceptor-rejector circuits. .. 31-640

inductance, acceptor-rejector circuits 31-641

shunt, aceceptor-rejector circwits. ... oo 21-639

use of, auxiliary spark transmitter..._..._... R 31-186

Relay, double contact, 20-kilowatt arc transmitter ... 31-273
key, 20-kilowatt arc transmitter.............. . 31-269
500-cyele, qnenched spark transmitter. ..... 31-115
MOLOr-bUzZzZer TTaNSIMItLeT. Lttt ittt ae ettt i e ie e i e aaa 31-210
receiver, protective, acceptor-rejector Circwits. ... ...l 31-648
Reliability, aircraft radio ApPAratls. ... veeeenoii oo e 31405 t0 31-406
Remedies, faults, accepter-rejector Cireidts o eeuo oo 31-655 to 31-663
aireraft radio equipment....ooooooii o 31-417

arc transmitter... ....... . 31-295t0 31-296

sudio-frequency amplifiers.. . 31-531
batteries for radio eqQUUPIICT . e vee e nrieci it ciiiiiraii it arae e 31-855



INDEX, 31-239
Article.

Remedies, faults, CONABNSErS .« .o o uen et iaaten e et 31~819t0 31-820
crystal detectors ........... . 31-810

Beld St o e 31-390 to 31-896

BeterOdyTIe. . e et e 31-593
model RB receiving equipmernit...........o.o... ... ... 31694 to 31-698

TB radio telephone equipment............................... 31-348

TC vacuum tube transmitter.......... ... ... .. ..., 1-365 to 31-369

power storage batteries, radio equipinent ... .. ... ... . ... ... ... 31-864
radio-audio-frequency amplifiers...................... .- 31-538
COMIPASS. ettt e et ie e e ... 31-084 to 31-986
TECEIVOIS. L.t . 31-497 to 31-500

telephones......... ... ..ol .. 31-805

tuned telephone. ... i, 31-735 to 31-737

vacuum-tube detectors ... ..o Lo 31-565 to 31-566
vacuum-tubes, receiving. ......_.......... 31-813
WaVeIMELerS. cueter i i, e ieieiaiiieaiiciiiiiiaen.. 31-T67 to 31-772

for interference, auxiliary spark transmitter.. 31-186

Repairs and alterations, communication facilities.. ... 314
by shore communication station personnel. 31-37
communication facilities................. 31-25
request for. ...l 31-59
TOTRCEIVerS.eneni it iiiiaeenn., ettt iiieaneeieneaaeraanaana. 31495
Replacing ancde tip, 20-kilowatt arc transmitter........oovoveieeiinone e, 31-284
carbon, 20-kilowatt are transmitier .....ovieen e i 31-286
Report, annual, on communication activities, commander in ¢ 31-70
installation alterations............................... 31-72,31-74
distriet eraft.................. . ..., 31-73

shore comraunication Stations. . ....o i it e 31-71
by communication station officer on taking eharge. .....oooooo e 31-44
monthly conumunication installations...........ooooo oo oL 31-79, 31-80

of calibration of radio compas 31-83,31-&4

shore radio comp . 31-90%0

. B1-72,31-74
R 3149
........ 31-50

material inspection of communication stations, scope of.. 21-51

quarterly communication installations. . .......ooiiii i oo 31-75t0 31-78
Reperts, communication activitios.. .......... BN 31-69 to 31-85
concerning other departments, insocction of communication stations. ........... 31-55
Requests and reguisitions, communication staticns, routing of. . 31-58
for repairs, communieation stations. . 31-59
2equirement, aireraft radio equipment . . 31-401
operating, aireraft radioTeceivers. ... ... . ... ... ... ... 21-471
Requirements, radio telephone. . ... ... .o 31-330
Requisitions and requests, communication stations............................. ... ... 31-58
communication facilities 31-4

31-4

31-27
31-255
31-005
31-212

31-913

31-752

753

Rescnant frequency of 500-eycle eircuit, method of finding. ............. 3
Respousibility, Bureau of Engineering, shore communication stations . 31-28
of officer in charge of communication station......... 31-41
Retuning radio-frequency cireuits. ... ... iiiiieiiain.. 31-148
Rheostat, filament, vacttum-tuhe detectors 31-554
Rheostats, leyele quanched sparls francmitter .- et eeeaeetecataeeanean. 21-115
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Rigging, ship's radio COmMPASS. < e u o emi i e e iaa e
sparking in

Rotary gap .....ooaeeios eeeeerenananans e
S.
Safety-spark gaD.soceveveceennannns

Scope of Manual, communication facilities..
material inspection, communication stations. . .
yards, communication facilities...........oo.. il
S¥ 1000 series amplifier, operationof......o.oeiiiiiil
1210 receiver, operationof ... ........
1440 receiver and amplifier, operation of ...
open or Short CIrCUit. . ..o \eeei et .- 31-99t
1500 amplifier, operation of.......
1762 compensating condenser.....
Search for signals.
Second stage of amplification, audio fiequenc
Secondary circuit, receivers................ .
model RB receiving equipme
tuning, receivers..
Securing are, 20-kilowatt arc radio transmitte
Selection by audio-frequency tuning, tuned telephone..
of signals, acceptor-rejector circuits. .. ceeen
Qelectivity, acceptor-rejector circuits
aids to, model RB receiving equ'pment
ition, anxiliary spark transmitter relay
Send-recoive nd;u%tme'lt auxiliary spark transmitter ml
switeh, 500-cycle quenched spark transm
and paratiel oscillatory circuits, combination of, aceeptor-rejestor
Seriex field coils, 20-kilowatt arc transmitter.. ..o ueieenin i
oscillatory circuit, acceptor-rejector circuits
SF 1000 amplifier, operaticn of.
Service wa vemeters
Settinig L he dial, calibration of radio compass, ships
stations, shore......
cathode, 20-kilowatt arc transmitter....
srrection, for radio compass bearings, ships..
3, eoupling ColT, TeCCIVETS. L .. Lt ettt ii i aaeaas
hielding, arrangement, model T B radio telephone equipmeni..
radio-audio-frequency amplifiers
compass, ships
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Stations, SHOT@ L. .iviveeumimeenes ciieaeieea s e eaa

receivers
¢hing, eommunication facilities, activities with..
‘arizeing, radio corapass..
ations, radio compass
radio compass stations, calibration ¢f
station, communication
stations equipment, radio eome
ireraft, eommunicatio
communication facilitie
ceominmication stations, tist of.. ...
reportsof ins
Bureau of ngineering respon.
activities, communication fucilities.........ooooiaiaiis
comnmunicationstations, annual repor :
stations,radio compass.. ......... e gri 031
PG R § 1T 8 T U S R L R R 21407 e B
radio compass coilo.....
cr open’circuits, RE 140 receiver
unt, rejector, aceeptor-rejector circuits..

31-02% 31-272
31-0x1 to 31
31-963 to 31-2
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S1-000 to 31-025, 3‘—? i3 to 31-487, "
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Article.

Signaland static die out, model RB receiving equipment . 31-696
Service, Coast......o.. oo 31-1
stops, model RB receiving equipmen 31-696
Signaling systems, arc transmitter.... ... ........_. 31-259
Silence, zone of, Tadio COMPASS. - .o ooeii it 31-910
Simple are eiretit. v ou v vuenenn e e 31-256
Single-circuit receiver, aircraft. 31—419 to31-420
Site, radiofield sets 31-86¢
fpace requirements, radio compass, Ships............... ... ... 31-928
Spark {requency, motor-buzzer transmitter...................... ... ... . ... 31-207
gap, auxiliary spark transmitler .. ... oo 31-164
300-cycle quenched-spark transmitter........... ... L. 31-117,31-136

31-145
31— 221 31-224, 31~ 727
.e- 31-644
31-146
- ‘il—-404 to 31-408
transmitter, auxiliary......... ... e iceiiee e 31-1501031-186
transmitters......... e et e e e i 31~100 to 31-228
Sparking at key contaets, arc transmitter.................. . 31-204
AN TEERING  ee et 31-186
B T <2 o . 31-145
Special requirements, aireraft radio equipment. .......... ... .. 31-401
Speed of vessels, calibration of radio compass ships......... 1-960
reguiation, motor, motor-buzzer transmitter.. ... ... ... ... . ... . 31-211
Stabiiizor, radio-audio-frequency amplifier.................... ... .. ..., B 31-336
Stand-by work, reCeIVers. ... oot 31486
S*andar@ allowance of furniture, communication stations.. ............... ... ... . ... 31-65
WAVCIICERTS o et e et et e e 31-757

300-cycle quenched-spark transmitter. . 31-103 t0 31-149

Starting arc, 20-kilowatt arc transmitier. .. 31-27
engine, field $Cbo................. Ny 31-8%9, 31- 992
panel, motor, 20-kilowatt arc transmitter... . . 31-265
2X-kilowatt are transmitter. ... oL L L. 31-275
Static method of tuning receivers. ... L. . 31-483
reduction, model RB receiving equipment. ... ... ... ... .. ... ... 31-681
tuned telephone 31-727
Stations, ship,radiocompass............oooooiillL -949 t031—967 31-981 to 31-998
shore,radiocompass................ ... 31-500 to 31-920,31-029 to 31-948, 31-96% to 31-98
Stepping mast, ficld sets..... 31-883
Stepping are, 20-kilowatt arc tr . 31-278
orage batleries, POwWer........ o i i, 31-861t031-864
Tadi0 COMIPASS. oot w ettt L 31-924 to 31925
eQUIDIICNT. oL L. 21-830 to 21-504
Striking mast, fleld sets...... ..ol 31-5%6
Structures, shore radio compassstations................. —<~32 31 935 to 31-93
Superintendents, communication, OXDCHS\) Of L 31-39
Supervision, radio COMPASS. ... ioo i . 31-905
Supervisar, Trans-Pacific high power civewito.... oo o . 21-40
Supply eireuit, motor buzzer transmiteer. . ... oL oo . 31-205
of hydrocarbon, 20-kilowatt arc transmitter.. ... .. ... .. 31-201
Surface, gap sparking, 500-cycle, quenched-spark transmitter. ... . .o o . ..., 31-145
Surrounding stiuctuies, radiv cotupass, ships.....ooooo o . 31-927
urroundings, shore radio compass Stations........ooo.o oo 31-832 to 31-033
Switch, crystal-audion, receivers.......... ... cee 31-466
inductance, reCeivers ... ... viiaii i, .- 31-465
lightning, 5%0-cycle quenched-spark transmitter. ... ... .- 31-123
plate voltage, vacuum-tube detector. ..ooaeenu oo .es 31-559
send- receivc ............................................................. ae. 31-122,31-142
: 31-116, 31-142

31-732
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Attt
Switchboard, 500cycle quenched-spark transmitter... . ... ..o ooiiiiiiiiiiiiaeens 31-115, 3i-136
instruments, 500-cyele............. e - 31-140
20-KILOWALE BIC. .« et ceee e m e . 31-265
Switches, 20-kilowattarc.................. . 31-285
Symmetry with respect to hull, radio COmpass.........commeeneeeaoonns 31-928
Synchronous spark transmitter, alrerafi.....oooooeioiiiii e 31-401 10 31-408
T.
TB model, radio telephone equipment. . ..o oimiii e 31-339 t031-348
TC model, vacuum-tube transmitter. . ooooiiriiiii e 31-349 to 31-368
Tolephone condenser setting, TeCeivVerS..ooverenneaennn- . 2 3
cords, radio-frequency amplifiers, shielded. ... 31-338
radio, model TB equipment.....c.c.ooearereenoieoannns . 31-339to 31-34%
vacuum-tube transmitter. ..ot ... 31-326,31-335
transmission, model TC vacuum-tube mitler.. cooooo . .

[ 00 3¥Ts DA R et P L.. 81725 to 3 3
acceptor-rejector Ciretit. ... oovv v e cen 31-638
Teiephones, Tadio COMPASS - - v nvutnneammrnsasaaerr s ar s sn s . 31~936
g L P L L EEEERELTEEEEEEE e . 31-801

Tost buzzer, T1eCeivers..oce . veeean . 31-179
for minimum, shore radio compass statio 2

oscillations, shore radio compass stations.. 51342
of communication lines, shore radio compass stations 31—9\}9
installation, radio cOmMPAss, SRIPS.cacuiieiieiii e 21-923
preparatory to fiight, aircraft radio equipment........ ..o e 21415
Testing of communication cqUIPMEnt. ...u e ereiiii s 31-4
radio cquipment, AiTeralf. ... ..o iii i e 1-115
Pests, COMMUNICALION FACHITIES. . oo teneie it 31-29
of batteries, SE 85585 Aot n i e 31854
TEAI0 COTIDASS ¢« v v e emmamamam s se s e e s as s saaaaa e e s e 31-987 to 31-298
Theory of ACCePLOr-rejeCtor CITCIEES . . 1 oveiiiie ittt e e 31-627 to 31-633
Crystal AeteCEOTS. . nn rentan et 31-308
TS L T TP A 31-%77
BEEEIOATTIC - - e e eeenmnaemammms o mee s s n s st 31-579 to 31-331
radio-frequency driver at heterod yne ... vt 31-579, 31-331
£e1EPROTICS. -t et iiiee e eaeirn e . 31-393
the arc transSIItber oo ou et e ae it 31-254 to 31-263
audio-frequency amplifier...........oeiiiiiinn 31-327
auxiliary spark transmitter...... ... -c.nnt e, 31-152 to 31-135
500-cycle quenched-spark transmitter.........o.. .- - . .. 31-103 to 31-108
model RB receiving equipment. ... oo oot .. 31-678 tc 31531
TC vacuum-tube transmitter.... ...l .. 31-350 to 31-
motor-buzzer transmitter.........o..o.o. ol e e .. 31-203 to ’1—,\,
radio-audio-frequency amplifier .
[ 50y L U
tuned telePROnC. <. e
vacuum-tube transmitter. . ...
THormo-galvanometer, WaveIneterS. . c.ueeueat s oommneueia ettt
Three-clectrode vacuum tube as oscillator .
Three-stage audio-irequency amplifier.....
Pickler (hack coupler) adjustment, receiver
vacuum tube deteetor. . ...ooeaann
TOOCIVEL w et eeeermnaennnanannas

Tip, anode, lining up, 20-kilowatt arc tmnsmltte. .
replacing, 20-kilowatt arc transmitter
Transfer of communication station officer.............
switeh, 500-cycle quenched-spark transmitter.. ..o
tuned telephone. . .o.....oiiiials e e
20-kilowatt are transmitier. . o v aui i
to motor buzzer from quenched Spark......ovees oo i 31-217, 31-213
Transformer, H0-cycle guenched-spark transmitter 31-114,31-136,31-14
Transformers, radio-frequency amplifier.coe e oiienian i e
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Artiele,
Transforming circuit, Current, are transmitber. ... ... v\t e e eaee e e 31-260
‘Transmission, continuoUs Wave, are transmibter. .« ... ot et ot oo e e e oon 31-251
radioaireralt ... ... .. iiiiiiiiiiiiaeei 31417
telegraph model TC vacuum tube transmitier. ... ... ... 31-333
telephone, model TC vacuum-tuie amdtter. ... 31-334
TTanSTitter TC. vnucveraenaneanne e oo, 31-250 to 31-297
20-kilowatt. . . 31-264 to 31-273
Chaffee gap, aircraft........................... . 31409 to 31-411
Beld SOt e L 31-882, 31-837
31-349 to 31-369
31-200 to 31-223
31469
31407 to 31-408
31-100 to 31-228
spark, auxiliary .............. . 31-150 to 31-136

tuning, quenched spark. . 31-131,31-146

radio compass, ships. ... ... ... ... . 314927

vacuum-tube, aircraft.. 31413

wave length, determination of, by wavemeter 31-763
Transmitting apparatus, aircraft radio cquipment ... 31-407 to 31417

condensers, auxiliary spark transmitter.. ... ... ... ..o ciiiiii... 31-165
key, 20-kilowatt arc transmittor. ... . ...l il . 31-259

model TC vacuum tube tranSmitior. .. oeeeeeeueie i 31-363

vacuum-tubes............. N . 31-370,31-371
Trans-Pacific high-power stations, inspec RSl fe e i, 31-30
circuit, Supervi.v . 3140
Tube circuit, typical oseillating, VACUMIN ... .. .. uoverroee e, 31-323
TOUNEINE, TCCIVETS . o ettt ittt o e e e e 31-467
radio compass ship stations. .. ..o 31-921
Tube, Vacuum, tranSIIEEerS. ¢ . e« o tee ettt et e e 31-325 to 31-371
3-eleCtrOd .. - - o ee e
Tubes, vacuum, model TB radio telephone equi prent.
transmitting.. ... ... ...

Tuned telephone, accepter-rejector eireuits

. 31-725 to 31-737

31-420
and adjustments, high-power, 500-cyecle circuit 31-132,31-146
ANEING, TECOIVEIS L Lottt e i 31483
auxiliary spark transmitter. . ... ... 31-178
condenser, antenna, acceptor-rejector Cirerits - ....... ... ... ... 31-647
heterodyne . 31-592
inductance, antenna, acceptor-rejector cireu . 31-636,31-645
motor huzzer, transmitter................ 31-217
secondary, receivers ... .. 31-480,31-4%2
the 500-cycle Ciretit. vesene o oo .. 31-129,31-145

transmitter, 500-cycle quenched spark tra 31-131,31-146
transmitter, radio compass 31-927

tuned telephone...... T N 31-733

unit, barrage, mode! RB receiving equipment. ... ... ... 31-63%5

Tunnel, wind, emergency kite antenns, aireraft.. ... .........._......................... 31-432
Twenty-kilowatt are transmuitier. L. oo e s e 31-264 to 31-27
Types of acceptor-reiector SqUIPIRENt. . .. ovu e et 31634
1rerall Tadio PeCeiverS . Lo it i e e 31-113 to 31-426
audio-frequency amplifiers........ 31-528
auxiliary spark transmitters. . .. 31-160
COMARIISATS « 4 e e ve ettt ettt e . 31-817
crystaldeteetors...ooo oo 31-807
equipment, radio compas: 31-914,31-913
furniture, communication stations. ... ... ... ... ..o, 31-67
radio-frequency drivers, or heterodymne. ... ... ..o.ooviiiiiiii i 31-381

IOLOT DUZZOTS oo L 31-202

power storage batteries, radio equipment.... ... oL 31-863
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Article.
Types of radic-auGio-frequency ampiflers. ..o oo 31-535
receivers 31-453
service wavemeters. . 31-756
L5 12 63 1531 U T 31-801
vacuum tubes, aireraft radioreceivers.... ...l - . 31-472
tube transmitters. coeee o n el . 31-326,31-337
standard, 500-cycle quenched spark trans 5 . . 31-108
Typical oscillating vacuum tibe Circuit «.ooeen i iieie i 31-328
u.
Underground cables, shore radio compass stations................

Uniwave key, arc transmitter........ IR
system, arc transmitter.

Use ofbatteries, SE 3535 ...oinnnnen.s
detectorand telephones, wavemeter...........
radio-frequency driver or heterodytie .

tuned telePROME. . .o vt iiat e e
vacuum-tube detector...
wavemeter, radio cOmMpPass.......

with low power radio transmitter..... oo

V.
Vacuum tube aircraft radio transmitters. 31-413 to 31-417
B LS T 7] ¢ U 31-550 to 31-566
1013 e e+ S R R LR 31-586
Supply, PAttery v oveeee i 31-830
support, detectors..... et 31-552
transmitters.......... 31-325 to 31-371
3-electrode.nee i enrinienii i 31-327
Vacuum-tubes for radio-audio-frequency amplifiers.........oooooni i 31-537
model TB radio telephonc eguipment ................ooiiiii it 31-344
TeCEIVINL. cereemnianrnannnnen e e e e 31-811 to 31-815
transmitting. 31-370, 31-371
EFPES Of, TOCRIVEIS. Lttt et aieieer e 31-472
Variation of output with plate voltage, vacuum-tubes 31-335
Varicmeter, 500-cycle quenched spark transmitter...o.ooooooiiiii it . 31-120
Visible seetor, calibration of, shore radio compass station................ . 31-977
Voltage, plate, TECEIVETS . .. oianeieive e ieae e . 31474
model TB radio telephone equipment. . 31-344
TaCUum tubes, TeCeivViNg .. o 31-812

W
Water cooling, 20-kilowatt arc transmitler.. .oooooeeneeiiiini it ... 31-266,31-287
Warve changer, 500-cycle quenched spark transmitter 31-119, 31-136, 31-147
continuous, transmission, ar¢ tranSMItter . vauaeaeee e 31-251
length of abaorbinv ci'cuit ArC LranSIMIt e acenecaaaracame oo 31-294
31-481
trammmer determination of, by wavemeter. ..o iiiii et 31-763
range, wavemeters........... 31-759
to adjust, 20-kilowatt are ti: 31-282
change 20-kilowatt arc transmitier. ... 31-281
Wave lengthis, BeterOG ¥ TIee . ittt e e et e 31-586
motor buzzer, transmitter. ...l . 31-218
radio compass 502, 31-927, 31-941
Vavemeter Use@ 88 QTIVer ..o it e et et et et et 31-755, 31~766
use of, radio Compass, ..ooerie il 31-987
B v 1oy . o R R R R T 31-750 to 31~772
service... 3 !-750
standard ... 1-757

Wheel, buzzer covennneen- 210, 31-223, 31 225
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When to use tuned telephone ...
Where to calibrate radio compass, ships..........o.
Wind-driven generator, aireraft radio equipment. ... ... Lo L.
Wind tunnel, emergeney kite antenna, aireraft ............ ... ... ... ..
Winding transformer, secondary, 500-cyele quenched spark transmitter ..
Wiring, receivers ...

Yards, scope of communication facilities........................_____ 31-10

Zone ofsilence, radio compassstations............. 31-910



