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BUREAU OF S HIP S NA VY DEPARTMENT 

* * * NAVAL 
COMMUNICATION STATION 
AT WHEELER MOUNTAIN, 

WASHINGTON 

by 
C. E. WJLLIA~t s and V. C. MARSOLAN, 

Electronics Engineers, P11get So11nd Naral Shipyard 

The establishment of a primary v-1-f transmitting sta

tion to afford maximum coverage in North Pacific and 

Alaskan areas has been under consideration by CNO 

for several years. Upon receipt of CNO authority, the 

Bureau of Ships, in Aug us t 1946, directed that Com

mander, Puget Sound N aval Shipyard p roceed w ith 

surveys for determination of the most sui table and 

p racticable site in the Pacific Northwest. A preliminary 

survey of Alaskan areas showed that construction and 

maintenance costs for such a radio station in that area 

would be excessive, that transportation of materia ls and 

fue l would be difficult and invo lved and that full -time 

opera tion could not be dep ended upon. 

The projected s tation is to be es tablished primarily 

for v-1-f "FOX" broadcasts on frequencies between 14.5 

and 26.2 kc, using either dua l 500-kw units fo r inde

pendent or s imultaneous operation on sep arate antenna 

halves, o r w ith maximum power of 1000 kw. The basic 

requi rements for the s iting of such an insta llation are as 

fol lows: 

! - Re liabili ty of commun ication and control circuits to 

d istrict headquarters. 

2- Access ib ility to h ighways for logistic support and the 

ava ilability of p rimary power sources. 

3- Suffic ient area in a valley between mountains to 

permi t erection of 10 catenary spans 6000 to 8000 

feet in le ng th (at maximum he ig hts) across the 

valley and to construct the transmitter and helix 

buildings. 

4-Effective rad iation of h ig h power from the catenary 

Spans at the specifi ed f requencies. 

5- A vailability o f land and economy of construction . 
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6---Location distant from centers of population, to 

avoid radio interference with other services. 

7-Suitability of site for underground construction if 

eventually required. 

A survey of the N orthwest was carried on .in· the fall 

of 1946 for the selection of a site which would meet 
the above requirements. Wi thin a radius of 100 miles of 

the district headquarters in Seattle there are more than 
100 valleys w ith sufficient dep th to accommodate the 

catenary antenna system, but of these, less than half 

could meet the requi rements of accessibility to hig hways 
and primary power sources. D etailed surveys were made 
at about forty tentative sites and, after evaluating the 
merits and demerits of these, it appeared that the 
Wheeler Mountain site would be the most satisfacto ry; 
this site was so recommended by Commander, Puget 
Sound N aval Shipyard, to the Bureau of Ships. Repre

sentatives from the Bureau vis ited the proposed site in 

March 1947 and were p leased w ith the site's possibi lities. 
Following eqdorsement of the proposed site by th 
Bureau of Ships, CNO approved the locat ion subject t 
confirmation of the elect rical p roperties of the area by 
suitable tests. 

The Wheeler Mounta in site is located in the foothi lls 
o f the Cascade Range, approximately 50 miles a irline 
from Seatt le and 11 miles f rom A rl ing ton, the nearest 
town. The area map, figure 1, shows the Puget Sound 
basin, the location of cities, towns, highways and the 
Wheeler Mountain area. T he transmission path from the 
Wheeler Mountain site to seaward traverses 20 miles of 
lowlands to salt water and thence to sea over P uget 
Sound, the St raits o f Juan de Fuca or the Straits of 
Georgia. A minimum area of 7000 acres is requ ired 
to accommodate the installation and associated faci li ties. 

The chief feature of the site is the valley cross-section 
and mountain slopes which permi t erection of the cate
nary an tenna between north anchorages on W heeler 

FIGURE 1-Navy Communication St at ion at Wheeler Mt ., a nd proposed 
v-h-f/ u-h-f communication links. 
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FIGURE 2- J im Creek Valley, with Wheeler Mt . on left and Blue Mt . on right. 

Mountain at elevations averaging 2788 feet above sea 
(9 level , and south anchorages on Blue Mountain at average 

elevations of 2626 feet ; Jim Creek in the valley is at an 
average elevation of 7 35 feet. Th is results in a mean 

difference between valley floor and anchorage sites of 
1972 feet and, by use of 200-foot towers to be erected 
at each anchorage, the average height 'vi ll be increased 
to 2172 feet. 

Fig ure 2 shows the valley antenna area, with W heeler 
Mountain at the left and Blue Mountain in the right 
foreground . T he antenna area is generally clear of mer
chantable t imber, having been partially logged off on the 
Blue Mountain side and on the lower portions of 
Wheeler Mounta in, and burned off at the upper eleva

tions. In order to prepare the antenna area for erection 
of antenna spans and the insta llation of a buried ground 
system considerable clearing of underbrush and vegeta
tion will be necessary, as well as removal of debris and 
fallen timber which would be a ti re hazard . A typical 
logged off area, such as preva ils on Blue Mountain, is 
illustrated in figure 3. 

figure 4 shows the face of W heeler Mountain . The 
six northern anchorages will be located just above the 
upper patches of exposed rock and within the present 
timber. Adequate foundation for all towers and struc

tures is insured by underlying rock wh ich is close to the 

(- surface or is exposed in most locations. 
An abu ndant water supply is avai lable at all times 

from Jim Creek wh ich flows throug h the site, from 
numerous smaller creeks and springs on the mounta in 

sides, and two large Jakes whid1 serve as a reservoir and 
feed Cub Creek-a tributa ry of J im Creek-which enters 
Jim Creek near the area to be used for residential and 
service buildings. The residential and service building 

areas will occupy approximately 100 acres of land im
mediately adjacent to the west end of the main valley. 
T he ground in th is area is partial ly cultivated, with some 
grazing land and the remainder covered with alders, 
maples and second g rowth fir, hemlock and cedar. 
Because of its setting in the foothills, with abundance of 
natural l ife, wooded areas, lakes, streams, and ample 
land for cultivation, yet within 30-minute travel time 
from Everett, a city of some 32,000 population, this 
station when completed, should prove to be very appeal
ing to service personnel who enjoy outdoor life. 

Very extensive and detailed surveys have been con
d ucted to facilitate planning of the station in general, 
and in particular the antenna-ground system. Because of 
the lack of topographical survey data upon which to 
base the antenna span locations it was necessary to con
duct a complete survey of all the valley area and at pos
sible ancho rage posi tions, involving about 2000 acres, 
most of which lie in heavily-wooded areas or on 
precipitous mountain slopes. 

l n order to dete rm ine the radio-electrical properties 
of the antenna site, a single wire antenna was erected 

at a typical span position, with a temporary ground sys
tem on the mountain slopes and in the va lley. f ollowing 
this, measurements were made of the antenna char
acteristics and of fi eld intensities throughout the north-
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western part of W ashington and out to sea through the 
Straits of Juan de Fuca. A more complete description 
of the test antenna, g round system and transmitter and 
the g round measurements follows. 

G round resistance measurements were conducted in 
the antenna area by the following methods : 

1- By obtaini ng the value of resistance between each 
pair of driven rods (electrodes) spaced 100 feet apart 
and arranged in form of an equilateral triangle and 
computing the g round resistance f rom the formula 

R R, + R2 + R3 
x = 

2 
. V alues of resistance were ob-

tained with a g round megger and with a Navy Model 
OJ 1000-cycle bridge. 

2- By use of a ground megger and four electrodes 
spaced 100 feet apart in a straig ht li ne: In this 
method the value of resistance obtained from the 
megger is proportional to the vol tage drop between 
the two inner electrodes di rectly in the path of a 
current fl owing between the two outer electrodes. 
From th is d ata the ground resistivities in ohms-per
cubic-meter were computed. 

3- By measuring d irectly the current and voltage in a 
60-cycle a lternating current ci rcuit consisting of an 
a-c generator, step-up transformer and a pair of 
No. 6 bare copper wires 100 feet in length separated 
10 feet and buried 20 inches deep. 

In genera l, resu lts of methods (1) and (2) were in 

agreement and in some instances were proportionate. For 
example, where a high g round resJstJvJty w as en
countered there was also a high value of resistance be
tween electrodes. Because of the inaccessibility along the 
mountain slopes only three tests employing the 60-cycle 
method were performed . .Values of resistance obta ined 
by this method varied .from 100 ohms in the valley floor 
to 175 ohms along the mountain slopes. With the 4-rod 
g round electrode method, a resistance of 367 ohms per 
cubic meter was typical of the valley. 

The location selected for the test transmitte r was more 
than a mile from the neares t abandoned logging road 
in the valley ; thus it was necessary to construct an 
access road and to clear and g rade a small area for the 
mobile equipment, power units and temporary housing . 
Additionally, old logging roads were opened up and 
extended to the top of Blue Mounta in , the south 
anchorage of the test span. A swath was cut in the 
timber across the valley between the two anchorages. A 
temporary road was cut to the 1250-foot level on 
\X'heeler Mountain, from which point the antenna tail 
cable was hauled by hand to the 2700-foot level and 
secured . The antenna, comprised of a sing le span of 
N o. 6 Copperweld ( 40 % ) w ire, 4500 feet in leng th 
with a N o. 10 harddrawn copper vertica l downlead at 
mid -point, was assembled on the g round . Steel ta il 
cables completed the remainder of the span \~h i ch totaled • ) 
7520 feet. The an tenna was then hauled mto position .,-

FIGU RE 3- Biue Mt., looking up from the 1500-foot level and showing nature 
of the terrain and logged-off areas. 

~ 
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by· using the winch on a bulldozer on Blue Mountain. 
-At a working tension of 1500 pounds this afforded a 

"T" antenna with a physical heig ht at the center of ap
prox imately 1500 feet. 

Although the g round conductivity was fa ir, a g round 
system was installed for the test transmitte r. It consisted 
of a g rid of 10 bare copper wires extending approxi
mately 3000 feet up each mountain slope beneath the 
test antenna and 5 similar wires extending 2500 feet 
up and down the floor of the valley a long Jim Creek. 
Ground rods were d riven at the ends of each conductor 
and at many points in the vicinity of the test transmitte r. 

At the test site two temporary cabins were assembled 
for shelter of mechanics and test personnel, and a Model 
MBS communication uni t was brought in for maintenance 
of communications wi th the mobile units used for meas
urements of field intensities. The 200-watt v-1-f test trans
mitter was housed in a surp lus trailer formerly used as 
an airfield portable control-communication un it. Power 
was obtained from eithe r of two 5-kw power units. The 
facilities described are illustrated in the accompanying 

photograph , fig ure 7. 
Two Model OG field in tensity measuring units en

closed in light wooden structures on fl at body trucks were 
driven to various points within range of the transmitter, 
where measurements were made on 15.0, 15.55, 19.4 
and 28.0 kc. Additionally, one of the Model OG fie ld 
in tensity measuring units was removed from a truck and 
placed on board a seagoing tug for observing fie ld in-

FIGURE 5-A typical winter scene at Jim Creek. 

tensities down the Stra its of Juan de Fuca and off the 
West Coast. Messrs R. H . Berkheimer and V. C. 
Marsolan, Electronics Eng ineers, supervised these opera
tions. 

The purposes of the fie ld in tensity measurements were 
to determine the effective heigh ts and the radiation re
sistances of the test antenna at va rious f requencies and 
to secure information on signal attenuations resulting 

FIGURE 4--Location of six northern anchorages and v-h-f site 
(indicated by arrow). 
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from the character of the surrounding terrain. Moderate 
attenuation of signal strength was experienced in the 
mountainous areas of the Cascade an~ Olympic Ranges, 
especially at the highest frequencies ; in the other areas 
the attenuation was neglig ible. T ypical values of effective 
heig ht and radiation resistance of the test antenna derived 
from these measurements are as follows : 

Freq. (kc) 
15.5 
19.4 
28.5 

Effect . Hgbt. (meters ) 
201 
205 
213 

Rad. Resist. (ohms ) 
.173 
.278 
.622 

Characteristics of the test antenna were measured with 
a N avy Model OH impedance b ridge at f requencies of 
25 to 75 kc. A General Radio Signal Generator, 0 to 
40 kc, was employed in conj unction with a Model RAK-4 
receiver as a detector and the decade box of the Model 
O H impedance bridge to me·asure characteristics of the 
antenna at the lower frequencies of 14.5 to 25 kc. The 
results of the latte r method were substantiated by the 
d irect substitution method of inserting resistance and 
reactance between the output of the test transmi tter and 
the antenna. 

Data obtained f rom field intensity observations and 
from the characteristics of the test antenna furnished 
essential information for the design of the final antenna 
and ground system by the contractor. 

The plang presently being prepared by RCA Com
munications provide for an antenna system which will, 
in all p robability, exceed in size any antenna previously 
constructed. It will consist of 10 catenary spans averag
ing 7550 feet in length, with a min imum length of 5640 
feet and a maximum length of 8740 feet. The lengths of 
the active radiators in the flattop array wi ll vary between 
4000 and 5 500 feet and the average sepa ration between 
radiators in each of the 5-wire sections wi ll be 360 feet. 
The separation between the antenna halves wi ll be in the 
order of 800 feet. 

T he span conductors w ill be stranded cables; each 
conductor wi ll be composed of 37 strands of No. 7 
Copperweld, extra hig h strength ( total diameter ap
proximately one inch), insulated f rom steel tail cables by 
2100-pound insulators. A lthough these spans have a 
calculated breaking strength of 89,000 pounds, sufficient 
sag wi ll be allowed to maintain the working tension a t 
or below 45,000 pounds when loaded with Vz- inch of 
ice and a \vind pressure of 8 lbs. per foot of p rojected 
area of span cables. The horizontal feeders from the 
transmitter to the terminals of the vertical downleads 
will consist of hollow conductor cables 0.920 inches in 
d iameter. The feeders will be supported by 1 25-foot 
~tee! towers at the junction points of the vertical down
leads. Additional antenna height will be ga ined by in
stallation of 200-foot steel towers at anchorage posi
tions. 

The v-1-f transmitting equipment (fig ure 9 ) comprises 
a T ype ANj FRT-3 hig h-power v-1-f dual 500/ 1000-h 
rad io transmitter incorporating the latest developments -
in electrical f eatures and circuits which are especially 
designed by RCA-Victor Company to ful fill the m ilitary 
and technical requiremen ts of the Naval service for a 
shore-based radio stat ion. Two 500-l-:w rad io-frequency 
sections are arranged symmetrically about the center line 
of a U-shaped equipment area to afford an unobstructed 
view of all indicating instruments, local controls, and 
equipment sections of the transmi tter proper from the 
operator's supervisory console position. 

The desig n of the transmitting enclosure features the 
latest developments in industrial styling. Each section 
compartment is tota lly enclosed in alum inum sh ielding, 
bolted to aluminum structural members. Electr ical inter
connections are enclosed in shielded metal raceways 
and terminated at appropriate te rminal boards. A fab
ricated steel enclosure containing inst ruments, controls, 
observation windows and access doors provides an outer 
wall facing the operator's console. A color scheme 
based upon a harmonious combination of lig h t and 

FIGURE 6-Bfue Mt. slope, showing 
standing timber that will be removed 

from the antenna area . 
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dark cobal t blue trimmed in stainless steel enhances the 
-attractiveness of the entire transmi tter. 

Units of the transmi tter proper, the watch operator's 
supervisory conso le and the master frequency bay are 
located on the opera ting level or the main deck of the 
transmitter building . In the lower story d irectly below 
is the machinery area containing cooli ng equipments, 
power equipments and utili ty spaces. Unit assemblies 
such as rectifiers, exciters and hig h-power amplifier ele
ments are desig ned as self-contained and self-supporting 
units of welded or formed sections supporting vertical 
chassis-type panels with surface mounted components. 
This method of construction, evolved from the broad
cast transmitter fie ld, provides g reat flexibi li ty and ease 
of maintenance combined wi th minimum space require
ments. Since this type of construction lends itself to 
modern production methods, considerable economy is 
realized. 

Basically, the electrical features of the transmitter 
consist of duplicate oscillator units, each contatnmg a 
simple master oscillator held in step with an extremely 
stable master frequency control system ; F.S.K. with 
provision for a deviation of plus or minus 25 cycles is 
included. Following the oscillator stage is a duplicate 
exciter chain of untuned stages requi ring no adjustment 
over the operating frequency range of 15 to 35 kc. These 

~ stages drive either or both power amplifiers through a 
driver transformer system which requires no adjustment. 

The du plicate 500-bv power ampli fi ers are driven 
by ei ther of the duplicate exciters to maintain correct in
step phas ing of the output currents. Each power ampli-

tier consists of an un tuned g rid filter-network, b ias sup
p ly, two water cooled tubes in push-pull, and a plate 
tank circuit having individual variometers and a bal
anced bank of fixed oil-mica capacitors wi th a selective 
swi tching arrangement for obtaining optimum Q over 
the frequency range. Energy is t ransferred to the antenna 
system through an output coupling inductance and 
antenna helix apparatus associated with each of the 
duplicate power amplifiers. Each an tenna output srstem 
is resonated by means of a remotely controlled motor
operated variometer and is separately shielded to permit 
g rounding of either antenna system without d istu rbing 
the opera tion of the other. 

The t ransmi tter power-amplifiers are desig ned to de
liver 1000 b v of power in to the ten-span catenary 
antenna, and the calculated radiated power output is 
expected to be approx imately 400 b Y at 14.5 kc, in
creasing to 600 b v at 35 kc. 

T he main t ransmitter building will house the AN/ 
fRT- 3 transmitter and associated equipment, offices, 
two helix rooms and other facili ties. The transmitter and 
control consoles will occupy a space 60 by 80 fee t with 
20-foot ceiling heig ht on the second floor. T wo rooms 
about 75 feet square and 75 feet in heig ht located di
rectly back of the transmi tter will house the an tenna 
coupling and loading circui ts. The t ransmitter will be 
air conditioned, with blowers, heat exchangers, circulat
ing pumps for both pure and raw water for cooling 
vacuum tubes, etc. located immediately below the trans
mitter spaces. Provision will be made for maximum 
utilization of low temperature water f rom Jim Creek 

FIGURE 7- Test 
transmitter site. 
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FIGURE 8-Preliminary mock-up of proposed antenna. 

for cooling purposes. Included on the lower floor wi ll 

be e lectrical and mechan ical shops and the main rectifier 

transformers and e lectr ical d istribution system fo r the 
build ing. P rovisions will be made for testing facili ties, 
vacuum tube and small parts storage, and offices on the 
upper floors. The structure will be completely fi reproof 
with special provision for bond ing and ground ing of all 
metall ic materials because of the hig h intensity radio
f requency fie ld in proxi mity to the antenna and feeder 
system. 

All major power sources in the Northwest operate 
into a common distribut ion net, thus the combined 

generator capacity exceeds 3,000,000 kva, at the present 
time. For operation of the W heeler M ountain Station, 

primary power probably will be obtained from the near
est feeder wh ich is about 11 miles d istan t, and deli vered 
via a new h ig h -tension line to a substat ion within the 
reservation. This substation will have a capa~ity of 3,000 
kw with p rovision for transferring the stat ion load to 
auxiliary generating units, which will be capable of 
carrymg the full station load contin uously. T hese standby 
uni ts will be in duplicate; thus the re will be insta lled 

two 2500-kva diesel-driven generators for sup plying the 

transmitter plate rectifie r and keying loads, and two 
600-b•a diesel units for sup plying vacuum tube fi laments 
and general stat ion loads, about 300 kw of wh ich will 
be for ligh ting and gene ral uti! ities. 

Although construct ion of the v-1-f transmitter has 

been underway by RCA-V ictor for over a year, and site 
surveys and tes\s are practically complete, the m ajo r part 

~f _the program, wh ich is the developmen t o f t he site, 
ts Jus t begin ning. An initial const ruction appropria tion 
of S4,ooo,ooo.oo is now available and an addi tional 
sum of S3,000,000.00 is expected to fo llow These f . . 
und s Wtll be used for construct ion of road s to the 

an tenna anchorages, erection of stee l towers, clearing n 
of 2,000 acres in the antenna area, g rading o f bu ilding I/ 
Sttes and improvements to Jim Creek channel building 

f b "d , 0 r_t ges, dams, water and sewage systems, an d con-
st ructton of build ings. Because of th e h ig h poten tial 

? radtent in the antenna fi eld and large g round currents 
tn th~ a~ea, special atten tion must be g iven to the type 
of bu tldmg and electrical construct ion to avoid creation 
~f fire hazards or inj ury to stat ion pe rson nel. In ad di 
tt o~ to the main t ransmi tter building previously de
scn ?ed, the build ing prog ram calls for construct ion of 
a d tesel electric power plan t, shop and service buildings, 
storehouses, barracks, q uarte rs for ma rried em ployees, 
recreation build ing and outdoor facil ities, ga rages for 
trucks, cars and specia l stat ion main tenance eq u ipment, 
and a fi re station. This w ill be fo llowed by installation 
of the radio ground system and const ruction of the main 
antenna. T his project incl uding equipment will u lti
mately involve an expend iture of close to S lO,ooo,ooo.oo. 

FIG URE 9-1 000-k ilowatt v-1-f transmitter. 
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RADIO WHEELER MOUNTAIN 
PROPOSED RADIO RELAY CENTER 

by 
J. M. P ATERSON, 

Electronics Engineer, Sbore Section, P11get So11nd Naval Shipyard 

Primarily the new N avy Communication Station, 

Wheeler Mounta in, will be a high-powered very-low 
frequency transmitte r stat ion. The site, however, is also 
admirably suited for use as a focal point or relay center 

for radio li nks operating at frequencies limited to line
of-sigh t transmissions. T he proposed site for the relay 
station is at an elevation of approximately 3000 feet and 
offers satisfactory radio transmission paths to nearly every 
Naval activity in western Washi ng ton. Its p roposed 
location is one mile north and 24 00 feet above the low

f requency t ransmitter build ing. The presently planned 

facil ities wi ll be reached by a branch from the access 
road to the antenna anchorages on Wheeler Mountain ; 
the equipment will be housed in a concr~te bu ild ing . 

T he basic communicat ion control link network pro
posed for Radio W heeler Mountain is outlined on the 
location map, fi gure 1, of the preceding a rticle. The 
present v-h- f repeater station at Paine Fiela, which links 
the N aval Air Stat ion, Whidbey Island , with the N aval 
Ai r Station, Seattle, would be replaced by the relay 

center at Radio \XIheele r. N ew li nks would be estab lished 

f rom R adio W heeler to the N avy Commun ication Sta
tion, Bainbridge Island, and to the Thirteenth N aval 

D istrict H eadquarters, Seattle. An extensive system of 
terminal equipment would provide the means for inte r

connecting as many voice, telety pe, telegraph, or control 
c ircuits from the remote stations as may be requi red . At 
leas t a portion of the control and switch ing system would 
be operated automatically from remote stations. 

The terminal equipment and operating spaces are to 
be so designed that new rad io links may be eas ily in

corporated into the basic network when the need arises. 
This feature will be extremely valuable in the event that 
the acguisition of additional sites for N aval activit ies be
come necessary, for it will g reatly reduce the problem 
of communication with these sites . 

The same featu re which makes Rad io W heeler Moun
tain a good site for a Communicat ion Control Li nk 
Relay Center also makes it a good site for a Ship-Shore 
Radio Relay Station. N o present N avy-controlled reserva

tion in the Puget Sound area even approaches the eleva
tion offered by this site. Innumerable islands and 

peninsulas in Puget Sound introduce a very serious 
1~shadow effect on signals originating from stations at 

lower elevation . The extent o f shadow effects on sig nals 

from Radio W heeler will be less because the in terven ing 

land a reas are relatively insig nificant tn elevation. A 
dependable service rad ius of 77 mi les is anticipated for 

this station , based on the accep ted method of computing 
v-h-f coverage and taking into consideration ref raction 
of waves at very hig h frequencies. The approximate area 
over which rel iable coverage can be expected is indicated 
by the arc shown on figure 1 of the preceding article on 
the Wheeler Mountain Stat ion. 

To further util ize the height advantage offered by 
\XIheeler Mountain, the eventual insta llation of a lortg
range air surveillance radar stat ion is contemplated at 

a s ite which wil l be set apart from the v-h-f j u-h- f re lay 

center to reduce the likelihood of interfe rence to rad io 

circuits. A means o f providing remote control and of 
repeating the indicat ions to remote plan position indi
cators via rad io link will be required. Remote stations 
·would probably be located at Naval Air Station, Seattle, 
and Nava l Air Station, Whidbey Island, where present 
radar equipments are ext remely limited in range by heavy 
oround return from surrounding h ills and obstructions. b . ~ 

This project \viii be one of the later phases of develop-
ment of Rad io W heeler Mountain. 

Last 
· Type of Approach Month 

Practice Landings 8,332 
Landings Under Instrument 

Conditions . . . . . . . 20 I 

To 
Date 
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SHIP BORNE 
SEARCH RADAR 

by 
Lt. Cdr. I. L. McNALLY, USN, 

Electronics Design and Developmmt Division, Bm·etttr of Ships 

Under the Electronics Desig n and Development Divi
sion of the Bureau of Ships, the Radar Branch is re
sponsible for p lanning, implementation, and supervision 
of development and desig n of Shipborne Search Radar 
Equipment, Approach Control, Simu lators, Radar Recog
nition and Identification, Beacons, and Electronic A ids 

to Navigation. 
Major sub-divisions of equipment included in this 

category are Air Search Radar, Surface Search Radar, 
Interception Radar, Target Indication Radar, Special Pur
pose Radar, Radar Displays, Radar Simulators, IFF, 
Ground Controlled Approach Radar, Carrier Controlled 
Approach Radar, Beacons, l oran, and Electronic Naviga
tional Aids. 

CNO policy and directives govern the extent of the 
effort in any particular field. The recently published 

SPS-8 antenna model. 

"Supporting Plan for Fleet A ir Defense Policy" states 
in part: 

"The major threat to the accomplishment of the Fleet's 
mission will be in the form of enemy airborne attacks. 
The defeat of airborne weapons can be accomplished 
most efficiently in the following order of priority: 
1- Destroy the launching sites. 
2-Detect, intercept, and destroy airborne weapons well 

clear of fleet units, by employing intercept aircraft 
or guided missiles. 

3-Utilize the coord inated efforts of all available air Ill 
defense measures in the near vicinity of fl ee t units." ' / 

The basic elements of an A ir Defense System are as 
fol lows: 
1- Detection and display 
2-Recognition and identification 
3-Evaluation and indication 
4-Desig nation and acquisition 
5- Control of airc raft or g uided missiles 
6-Guns 
7- Passive measures 
8-Communications 

D etection has been listed as the first element in an air 
defense system and the priority of the military charac
teristics of a long range search radar have been set up 
as follows: 
1- Range 
2- Recognition and identification 
3-Altitude determination 
4-Vertical beam coverage 
5- Hemispherical coverage 
6-I ncreased azimuth scan rate 
7- Accuracy 

Recog nition and identification are closely associated 
with detection. Recognition is the determination by any 
means of the friendly or enemy character and individu
ality of another. Identification is the identification b# 
any act or means of your own friendly character. 

The bas ic fundamentals and problems associated with 

-

the design and development of a long-range radar are in 
;ageneral the same for all classes of radar except for refine
.ments in scan 11nd accuracy. Pulse radar makes it pos

sible to detect the presence of ob{ects at long range, and 
to measure this range with a h igh degree of accuracy. 
Frequency-modulated radar, target pulsed continuous 
carrier radar, pulse doppler and continuous carrier dop
pler all have specific and highly desirable d1aracteristics 
for many applications, but in general, t9 meet the mili
tary characteristics specified, pulse radar is the most 
satisfactory. 

Range is the most accurate of the space dimensions ob
tainable by radar and it is determined by accurately meas
uring the time between the transmitted pulse and the 
return echo. Knowing the speed of propagation and the 
elapsed time, the radar indicator sweep is designed to 
g ive a d irect reading in any desired units. T he speed 
of propag'lltion of electro-magnetic energy has been de
termined with great accuracy, yet a small but variable 
error does exist due to variations in the atmosphere. At 
extremely long ranges this may well become a serious 
source of error in some applications, although at 50 miles 
it is only in the order of 5 to 10 yards. T he accepted 
standard employed by the Navy is 163.88 yardsj psec and 
is established by an 81.94-kc crystal oscillator whid1 gives 
calibration markers every 2000 yards. 

,. The use of pulse techniques and special components 
' 'IIIII!!!!' enables h igh peak powers of radio-frequency energy to be 

generated at ultra-high frequencies. Peak powers in the 
neighborhood of 1 megawatt are employed in current 
fleet radars and peak powers of 10 megawatts are contem
plated for futu re models. Pulse lengths are from a 
fraction of a microsecond, for high resolution surface 
radars, up to 10 microseconds for long range air search 
radars. Pulse length is one of the limiting factors of 
range accuracy and resolution. As a general ru le the 
error is about -+- 10 yards for each microsecond of pulse 
length. A radar using a 5-microsecond pulse may be ex
pected to have a range accuracy of -+- (.01R -+- 60) yards. 
This accuracy is a function of propagation errors and ci r
cuit limitations. Targets separated in range by less than 
0.5 pu lse length (even though slightly offset in bearing) 

are very d ifficult to resolve. 
Bearing accuracy is p rimarily a function of beam width, 

servo accuracy, and stabi lization. Narrow beam widths in
crease the accuracy to which the apparent bearing of 
a target can be determined. A faulty synchro transmis
sion system, however, may not only sacrifice the ad
vantage due to the increased resolution, but actually cause 
discrete targets to be superimposed. Bearing accuracy 
is dependent to a considerable degree on the stabilization 

~f the antenna. Under conditions of a 30° roll and a 
10o pitch, the bearing obtained on surface targets by an 

unstabil ized antenna wi ll be 5 degrees in error. 

The range of a radar IS dependent on the following 
factors: 

1-Antenna gain 
2-Receiver noise factor 
3-Peak power 
4-Effective are'<! of target 
5-Pulse repetition rate 
6--Pulse length 
7-Radio frequency 
8-System efficiency 
9-Scan rate in azimuth and elevation 

The designer must know three primary military charac
teristics in order to initiate the design of a search radar. 
T hey are as follows: 

1- Maximum range 
2-Target 
3-Rate of information 

T he designer then can determine the optimum radio 
frequency, peak power, pulse length, pulse repetition 
rate, vertical coverage, resolution, and accuracy. The 
ma..ximum range of the radar determines the pulse repe
tition rate. I t must be slow enough to allow for the two
way time interval of the pulse and ed10. Additionally, 
the horizontal beam width and azimuth scanning rate 
must be so related that the echo will return within the 
beam pattern of the an tenna. The speed of propagation 
is the l imiting factor in determining the relation between 
beam width and scanning rate for a g iven maximum 
range. As an example, the proposed 300-mile long-range 
air search radar employs a pulse repetition rate of 200 
and a horizontal beam width of 1.5° , which together 
limit the horizontal scan rate to 10 rpm. Requirements 
for increased vertical coverage further reduce the value 
of antenna gain 'vhich may be realized. Increases in an
tenna gain can be achieved by employing higher fre
quencies, increased antenna size, multiple antennas, and 
stabil ization. 

T he choice of frequency is based on considerations of 
propagation, range, power, antenna gain, and allocation. 
For long-range search radars the optimum frequency has 
been determined to be about 1200-1300 megacycles. 
Considerable power is available, optimum antenna gains, 
can be achieved, solid coverage is possible, and relative 
f reedom f rom adverse propagation effects exists. 

A large increase in peak power will provide for a 
range increase but shipboard l imitations sud1 as installa
tion, weight, size, li fe, vol tage breakdown, pressurization, 
radio interference, primary power, main tenance, and 
reliable operation set a practical limit to the amount of 
power which may be employed. Extremely high volt
ages are required and must be supplied by very large 
modulator units. As an example of the magnitude of the 
power requirements it is estimated that three 10-mega
watt magnetrons employed in a h igh coverage long range 
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radar would require 100 kw of primary power, 15 tons 
of modulator, and 10 tons of stabilized antenna. 

In order to utilize the narrow beams associated with 
the high antenna gains required for long range and 
high resolution, it is necessary to stabilize the antenna. 
I nterception and target indication radars must be sta
bilized in order to furni sh e'levation and height in
formation . Carrier-controlled-approach radars must be 
stabilized in order to reduce sea return and reliably fol
low low fly ing aircraft in the traffic control zone of car
rier-controlled-approach. 

Noise in a radar receiver is caused by several sources, 
the most important of which are : 

1-Cosmic 
2-T hermal 
3-Vacuum tube 

Cosmic noises have their source in space. Thermal 
noises are caused by the molecular motion within the re
sistive elements employed . Electron motion in a vacuum 

tube contributes noise in the fo rm of shot noise, parti
tion noise, electron bombardment, etc. Most radar re
ceivers employ crystal detectors because the noise figure 
of a crystal is lower than that of presently available 
vacuum tubes. Crystals h:we an extra source of noise, 
which is distinct from d iode and thermal agitat ion noise, 
caused by rough whisker tips, imperfect solder, etch, and 
tapping. The efficiency of a radar receiver, called its 
noise factor, is a measure of how closely this figure ap
proaches the theoretical minimum due to the rmal agita
tion. Noise is further aggravated by the fact that rada r 
receivers must employ extremely broad bandwidths 
(which admit more noise ) in order to receive the short 
pulses employed. A novel development which is being 
stud ied at the present t ime is a low temperature detector 
maintained at 30° K (--400~F) by a liquid neon; 
nitrogen refrigeration unit. This technique which reduces 
thermal agitation to a very sma ll va lue offers the re
markable possibil ity of a 5db improvement in the noise 
figure. A 12db improvement in radar performance 
whether achieved by antenna gain, power, effi ciency, or 
any other factor will g ive a 1 oor~ increase in range per
formance. 

The effective a rea of the target is being reduced dras
tical ly with the development of jet bombers, jet fighters, 
and guided missiles. During the last war, areas varied 
from 20 to 60 square meters. The Baka which appeared 
late in the war had an effective area of 8 square meters 
and presented a very d ifficult target even at its short 
operational range. Present or contemplated targets are 
est imated to be in the vicinity of one square meter. Their 

small size, high speeds, and st ratosphere a ltitudes render 
nearly all existing radars inadequate. 

Once the radar echo is obtained, it is useless unless 
adequately displayed so that it can be eval uated . The 

• Antenna . array aboard t he U.S_$. MASSEY; SG- 6 
mounted above t he SPS- 6B. 

designer collects all the elements of d isplay and calls 
them visibili ty factors . T hey include: 

1- Pulse length 
2-Bandwidth 
3-Pulse repetiti on rate 
4-Azimuth and elevation scann ing rate 
5- Beam width 
6--Range scale 
7-Scope size 
8- Spot size 
9-Screen pers istence 

10- Noi se 
11- Vi sual acuity 
12- Blipj scan ratio 

It can be seen that the dependent relationship of radar 
range parameters is further complicated by the fact that 
many of these visibility factors are also range factors. 
With range considerations setting up most o f these fac

to rs the visibi lity is 'enhanced by employing h ig h defi ni

tion cathode- ray tubes. In this respect the new 10-inch. l 

fl at face cathode-ray tube developed from the 10-inch 

television cathode-ray tube shows great promise of pro-

1---

1: 

Antenna array aboard DD-443 ; SC- I and SG-1 . 

vid ing a 4-fold increase in the number o f dispiay ele
ments by virtue of its more efficient phosphor, spot size, 
and display surface. New indicators will use expanded 
scales extensively which will permit the most efficient 
ratio of range scale to scope dimension to be employed. 
T he visual acuity of the average operator calls for a + 4 
db margi n of signa l strength over minimum detectable 
to assure that the echo "will be observed with certainty." 

Automatic devices may improve this, but the human eye 
and brain st ill can exercise judgment in evaluation of 
noise and in terfe rence not yet achieved in a machine. 

The radar designer must also consider the foll owing 

factors : 

l - Ail poss ib le ant i- jamming features 
2-Sea and cloud clutter 
3-Weather factors such as ra in, snow, icing, and wind 

loading 
4-Roll and pi tch 
5- Shock 
6-V ibration 
7-Stack gases and corrosion 
s-Installation limitations 

9-0peration 

10-Plotting 
11- Range scales 
12-Ships head marker 
13-True-relative presentation 
14-Range and bearing measurement 

15-Target ind ication 
16-Automatic tracking while scanning 
17-Moving target indication 
18-Radio interference 
19-Maintenance 5- 12 db 

In the field of air search radar the SPS-6 series wi ll 

be the first of the postwar models. This equipment, 
operating in the 1200-M c band, will employ 500 kw 
peak power and a new 18-foot paraboloid antenna. The 
range on two F8F aircraft at 20,000 feet altitude is about 
60 miles. Under similar condi tions the range of the 
SR-3 was about 20 miles. T he SPS-11 will util ize a 
larger stabilized antenna with increased peak po\ver. 
\XIith expected receiver improvements employing mul ti 
beam reception, the range should be increased to 100 
miles. The SPS- 2 is a long-range long-term development 
wh ich contemplates at the present time the use of 3 
beams fed by a single megawatt magnetron. It will em
ploy a stabilized 35-foot paraboloid antenna and is ex
pected to have a range of 300 miles against 1 square 
meter targets. A submarine model of the SPS-11 , 
known as the BPS-2, will be developed for submarine 
picket app lication. Valuable experience on submarine 
installation problems has been gained with the 600-Mc 
SR-2 air search radar installation on the Migraine boats. 
Moving target indication (MTI) wil l be applicable to 
all new models of air search radar. By means of this 
technique all permanent echoes are removed from the 
disp lay by a storage and cancellation circuit and only 
moving targets displayed. Th is permits the detection of 
aircraft in the presence of heavy land cl utter. 

The 6000-Mc band SG- 6 is a high resolution surface 

search radar which will eventually replace the SG- 1. 
New and improved features include increased power, 

better resolution increased azimuth scan rate, higher 
) 

vertical coverage, and larger display. As an in terim 
measure to provide zenith watch an overhead antenna 

has been p rovided which gives coverage out to a slant 

range of 15 miles from 20 to SO degrees elevation . The 
SPS- 4 ·will be identical to the SC- 6 in all respects ex
cept the frequency of operation will be in the 5000-Mc 
band . Smaller ve rsions o f these models wi ll be the S0- 6, 
S0- 10, and SPS- 10 intended for use on the smaller 
classes of ships. T he SPS- 5 will util ize the same basic 
uni ts but adapted to the particular requirements of PT 

boats. 
T he success and great utility of the experimental 

K-bancl (25,000 Me) CXJG in polar operations has 

resulted in the initiation of development of the SPS- 7. 
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This \·ery high resolution radar will operate in the 
30,000-Mc band. A lthough the range is in the order of 
5 miles and performance is adversely affected by precipi
tation, it is extremely useful in pack ice, navigation, 
piloting, and mapping. The SPS-9 is a long term de
velopment which will p rovide very high resolution in 
the order of 20 yards of range and 0.5° bearing. Small 
object detection in the presence of heavy sea clutter is 
being investigated along several different lines as fol
lows: Doppler systems in which the change of radio
frequency phase between successive echoes from a mov
ing object is used to display the echo distinctively; Pulse 
doppler systems in wh ich the change of phase is de
tected by using the beat between the echo and a perma
nent echo ; Coherent systems in which the change of 
phase is detected by beating the echo with an artificially 
generated reference oscillation; Direct presentation sys
tems which expand the intensity modulated echoes to 
show the doppler modulation; FM radar which frequency 
modulates a low power carrier and determines range by 
the beat note between instantaneous transmi tter frequency 
and echo frequency, and target movement by doppler 
response; and conventional MTI which removes clutter 
by storage of sig nals for a recurrence period and subtrac
tion f rom the next g roup, g iving an output only from 
moving echoes. Own ships motion, antenna scan, oscil
lator stability, vari ation of ·· fixed" echoes from pulse to 
pulse, and fidelity of storage present difficult technical 
problems to be solved. Acceptable MTI using mercury 
delay lines is available on the lower frequencies used in 
air search radar. On the hig her freq uencies non-coherent 
systems show acceptable possibi lities. The two-color VM 
indicator un it has been used w ith a 3000-Mc non-coher
ent system to display fixed echoes in green and moving 
targets in red on a single combined display. 

Interception radar provides h ig h quality th ree coordi
nate search information. The curren t models in the fleet 
are the SP and SX. The SP although g iving high qual ity 
th ree coordinate information can only d isplay one alti 
tude at a time and does not display it in a manner suita
ble for ready evaluation. The SX radar provides for 
continuous scanning in elevation and azimuth. Three 
displays present a standard PPI, expanded off-center PPI, 
and RHI (range height indicator). The stabilized an
tenna assembly weighs 6400 pounds which limi ts its in
stallation to only the larger sh ips. It will detect jet 
fighters out to a range of 60-70 miles and up to an al ti
tude of 18,000 feet. The 4-rpm azimuth scan , 11-degree 
vertical scan and lack of an integral IFF are serious 
operational limitations. Specifications are being w ri tten 
for a procuremen t to modi fy one SX an tenna to give 
heig ht coverage up to 31 . By employing VK- V L radar 
repeaters instead of the present consoles, t he installation 
problem of below deck units will be less severe. The 
3700-Mc SPS- 8 is the replacement model for the SX. 

I t will be considerably lighter and employ 2 megawatts 
of peak power. Selection of any 11 o elevation scan up ,., 
to 36° will be provided and the azimuth scan rate w ill ~ 
be increased to 10 rpm. An additional feature will be 
the provision to select within 2 seconds any 30° sector 
which can be scanned once every 2 seconds. The display 
equipment wi ll consist of a standard VK or VK-2 off-
center PPI and VL range height indicator. A 15-foot 
parabolic reflector with its 1.1 o beam w ill g ive excellent 
resolution and range out to approximately 80 miles. 

The air intercept problem is quite complicated and the 
correct parameters for a suitable system have not been 
determined. Several points appear reasonable. 

1- Greatest range obtainable is required for the height 
find ing radar. 

2-IFF must be continuously available. 
3-Resolution should be as good as practical. 
4-Information every 2 seconds may not be necessary and 

calls for compromises on the important requiremen ts. 
5- The use of several precision type radars for the inter

cept problem may not be p ractica l because of space 
and weight limitations and in addition very little gain 
can be realized over a versati le scanning radar used in 
conjunction with an air search radar. 

6-A transpondor operating in the frequency band of 
the height finding radar may have to be installed in 
fighter planes to permit positive and continuous iden- llfll 
tification and 3-coordinate data during inte rcepts. ~/ 
T his " traffic control" feature must not in any way 
compromise basic detection and recognition. 

7-Automatic or semi-automatic devices are needed to 
assist in the intercept problem and to evaluate by test 
the parameters of jet in terception. 

The SPS- 3 target indication radar provides high 
quali ty three coord inate information out to a slant range 
of 15-20 miles and 80° elevation at an azimuth scan rate 
of 15 rpm. The requirements for 30-rpm azimuth scan 
and 80° e levation scan on a stabilized base have not 
been satisfactorily solved. Present desig n proposals call 
for a ll the rad io-frequency components to be assembled 
with the antenna. This resul ts in 2000 lbs. of masthead 
weight and a difficult main tenance problem. 

T he development of effective countermeasures and 
ASW techniques has broug ht abou t the ini tiation of the 
BPS- 1 attack radar for submarines. Basic SS radar be
low-deck uni ts w ill be employed. The antenna will be 
mounted on a retractable mast with provision for 4 sec
onds of exposure. Full azimuth scan or sector scan search 
features wi ll be p rovided. In terim modifications are 
being adapted to the SV submarine air search series to 
provide heig ht finding and guided missile control. 

Carrier-controlled-approach systems have been under 
test for some time and the requirements for such a sys
tem are fairly well known. The SPN- 6 traffic control 

radar will utilize SG-3 below-deck units and a special 
tabi lized antenna. This antenna has a vertical pattern 

distribution to give maximum d iscrimination against sea 
clutter and still give adequate response against low flying 
aircraft in the approach pattern . The SPN- 8 will be de
veloped for precision control in the fi~al approad~. 

Several models of radar display equ1pment are tn the 
final stages of development or early stages of installation. 
The VK off-center PPI will provide a general purpose 
expanded PPI with many desirable operating feat~res. 
The VL will be a companion unit to display range he1ght 
information. The VM is a dual indicator whid1 optically 
combines two independent different color displays. One 
application that suggests itself is to present standard radar 
on the red scope and IFF reply on the green scope. 

The SP A-4 indicator will be a universal standard PPI 
suitable for wide application. Its most unusual featu_re 
will be its "rubber range scales". The range scale Wi ll 
be continuously variable from 1-5, 4-20, 10-50, and 40-
200 miles. This feature permits optimum range scale 
selection or adjustment and chart matching by VPR 

application. . . 
A new development which is showmg cons1de~able 

promise and one which \Vill fill an ~rgent o?erattOn~ l 
requirement is automatic tracking wh1le scannmg. This 
technique wi ll permit an operator to set a series of 

strobes tv different targets on a PPI. These independent 
strobes will automatically and continually follow the 
selected targets providing a smooth flow of multiple tar
get indication information. . . 

The requirement for a large display is being mvestl
gated by developments covering conversion to television 
scan, new optical direct projection techniques, photo 
transfer projection, and large cathode-ray tubes. 

Shipborne terminal equipment, used in conj unction 
with airborne early warning radar, is primarily display 
apparatus. Ne\v lightweight equipment will make it ~os
sible to install the system onboard most classes of sh1ps. 
Modified versions of the VK with numerous special 
operating features will increase the utility and flexibility 
of operation. 

It can be seen from the above that the desig n of ship
borne search radar follows the typical pattern of "com
promise" associated w ith all forms of Naval design. 
Just as the destroyer must sacrifice armor and endurance 
for speed and maneuverability, so must the radar param
eters be chosen to achieve the desired performance. In 
the final analysis the good judgment and experience of 
the fleet combined with the skilled design engineer and 
American industry will provide the best answer to the 
problem of shipborne search radar. 

RADIO RECEIVING SETS 
AN /URR-3 THROUGH AN/URR-8 

The Bureau has under development a new series of 
radio receiving sets to be known as Models ANjURR-3 

· ·11 [)loy two identical tun-through 8. Each rece1ver WI em . 
ing units two identical i-fj a-f assembltes and a self
contained' power unit suitable for operation from a _105 I 
115/ 125-volt, single-phase, 40- to 400-cy~l e prunary 

t. of each rece1ver may be power source. The two sec tOns . 
employed individually or simultaneously. The e~utp-

. II t oiled and continuously vanable ment IS manua y con r ' . 
. Tl t ctions of each rece1ver throughout 1ts range. 1e wo se . 

may be operated from sepa rate antennas 1f necessary. 
Tunin units will be designed to cover three separate 

g . U · "A" •e rs 14 kc to 600 frequency ranges. Tuntng ntt CO\ . .. .. 

k U .t "B" 250 kc to 8000 kc and Untt C c. 111 covers . 
2 M t 32 Me Receivers will be furn1shed covers c o . . 

complete with tuning unit~ insta l_le~: These un its m~ 1' be interchanged by install111g aCtiVIties, but due to r_ 
sultant complications in receiver no1~enclatu r~ and ship 
inven tories, changes in the field wtll he cltscouraged. 

Receiver nomenclature and frequencies are listed below: 

Receiver Frequency Tuning UniiS 

AN/ URR- 3 Two !4 kc to 600 kc 2 Type .. A., 

AN I URR-4 Two 250 ke to 8000 ke 2 Type ,.B" 

AN/ URR- 5 Two 2 Me to 32 Me 2 Type ··c" 
AN/URR- 6 One 14 ke to 600 ke and one 1 T ype "A" and 

250 ke to 8000 ke 1 T )•pe "B" 

AN/ URR-7 One 14 ke to 600 kc and one 1 T ype ··A" and 
2 ?-.fc to 32 :t- Ic 1 Type "C 

AN / URR- 8 One 250 kc to 8000 kc and 1 Type ··s·· and 
one 2 Me to 32 Me 1 Type ··c 

The receiver is mounted in a submersible cabinet 
measuring approximately 9Y4" high by 21 Y<!" wide 
by 16Y4 " deep. W eight is not presently available. 

The above descr iptive material is of a preliminary na
ture and is furnished as advance information only. The 
fi rst model of this receiver is not expected to become 
available for evaluation prior to July 1950. 
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CONVERSION OF THE 
uss NORTON SOUND 

by 
W ILLIAM S. P ATCHELL, 

Sr. Civilian, Radio Section, Pbi/adelphia Naval Shipyard 

Philadelphia Naval Sh ipyard was selected by the 
Bureau of Ships to accomplish the first conversion of a 
Naval vessel for use as a guided missile test vessel. 

The modifications to the USS Norton SoHnd ( AV- 7 1) 

were accompli shed in order that the vessel cou ld conduct 
experimental firings of various types of guided missil es 

and pilotless ai rcraft adapted to Naval use. P rov isions 

were made for specialized handling, fuel ing, tracking and 

control of guided missiles. Te lemetering and guidance 

radar were not provided, inasmuch as development was 

not yet complete. 
Modifications were made to the vessel in the accom

plishment of its present assignment, in such a way that 

Forwa rd view of the U.S.S. NORTON SOUN D, showing 
the miniat ure flight deck for the la nding of helicopters 
and launching of balloons. 

the basic characteristics of the vessel as an A V were not 

altered . T he major features of the convers ion we re as 
follows: 

1- Installation of a m issile tracking center and associated 
electronic equipment and interior commun ication used 
for tracking purposes. 

2-l nstallation of a control and observation booth with 
associated test and control equipment, wired in ac

cordance with BuShips specificat io ns for fu ture test 
setups, wired fo r telemetering and doppler sys tems 
insofar as practicable. 

3-lnstallation of recording devices, timing sig na ls and 
photographic equipment. 

4-P rovisions for handl ing the missi le, additional fire 

pumps and necessary alterations to power and lig ht
ing systems and air conditioning in the missile t rack

ing cente r and m issile control station . 

T he major portion of the conversion involving elec

tronics was centered in the missile tracking center. Basic

ally, the miss ile tracking center was laid out w ith two 

things in mind ; fi rst, surveillance of the area in which 

the missile is to be fired and second, actual tracking of the 

missile. It was assumed in the layout t hat personnel in 

the missile tracking center, utilized in sett ing up the prob
lem and in survei llance, could at the p rope r time shift 
over to the other side of the room to handle t he track

ing problem. The communication facil ities, consisting of 
twelve radiophone units with app ropriate desk facilities, 

were concentrated in the after portion of the room w ith 

remote switching units p laced at va rious desirable loca
tions about the room. 

A Model SP radar using a modified SM antenna was('l 

used as an interim tracking radar since the SM antenna · 

could be elevated to 90° or more. The console of th is 

v. -

:f 
l 
:. 

1 , 

- • 

A equipment was loca ted in missile tracking center, with 
\~bearing and range information being passed to various 

radar repeaters, and to the Mk 8 Mod 0 automatic plotter 

also located in miss ile tracking center. Tracking informa

tion was likewise p lotted on the Mk 8 Mod 0 plotter 
from information received from the Mk 25 fire control 

radar. T he Mk 8 Mod 0 au tomatic plotter is a develop
ment of the Reeves Instrument Co. and the Bureau of 

Ordnance, incorporating beneficial suggestions of per
sonnel at the NMTC Pt Mugu. 

To faci li tate survei llance, the previously installed SG 

Close-up view of the bridge of the U.S.S. NORTON 
SOUND. Quad-mount 40mm g uns rema in, thoug h the 
two 5-inch gun mounts were removed for installation 
of the foredeck landing platform. 

series and SK series radars were tied into VK and VF 
radar repeaters in missile tracking center. H orizon tal and 
vertical plotting boards were arranged in. a manner simi
lar to a CIC setup. An airborne early \varning system 
was installed to supplement these radars in order to ex

tend the range of the area under surveillance. 
For permanent records, facilities were installed for 

mounting cameras on the M k 25 radar antenna and the 
modified SM antenna. A third camera location was over 
the specially constructed data d ial box consisting of 
synchro repeaters, receiving range and bearing informa
tion from the various radars and interior communication 

~~. ~ 
Sonic recordings were made possible by installation of 

two VRR- l voice recorder racks, with inputs from rad io 

and sound-powered voice ci rcuits properly matched to 

the voice recorders. 
For the purposes of tracking down spurious emissions 

of radio-f requency signals, COMCM and RADCM equip
ments were authorized and installed. 

Other departments made extensive changes to the hull 
and electrical systems in order to fulfill requirements for 
fueling, launching and controlling the missile. Cables 
for test circuits between the launching site and control 

room were installed. A more adequate fire and flushing 

system with elaborate systems for storing and handling 

fuel and oxygen were incorporated into the conversion. 
All in all, the problem presented to the P hiladelphia 

Naval Shipyard was one of great interest, and one in 

which "suit-case liaison" with the Bureau of Ships had 

to be maintained. 

The U.S.S. NORTON SOUND as a seaplane tender, prior to her conve rsion. 
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MISSILE TRACKING AND 
PLOTTING. SYSTEMS 

ON THE 
USS NORTON SOUND 

by 
JOHN A. ZAPPACOSTA, 

Radio Laboratory, Philadelphia Naval Shipyard 

SWOOSH! Launching of a "Loon" from the deck of the 
U.S.S. NORTON SOUND. 

The modification of the USS Norton Sotmd (AV -11 ) 
to a guided missile launching ship created the need for 
a long range tracking radar which would fit into the 
pattern determined by the general ordnance radar sys
tem. Since no such radar was available, an SP radar was 
modified and outputs taken which would satisfy the 
needs of the plotting equipment. This article discusses 

the tracking and plotting system as it was finally evolved 
using the modified SP radar as its primary tracking radar. 

The General System 
Figure 1 shows the tracking and plotting system used~) 

There are two sources and three receivers of tracking in
formation. The sources are the SP and the Mk 25 

radars. The receivers are the Mk 8 automatic plotter, 
the Mk 1 horizontal manual p lotting table, and the 

- al box. T he Mk 8 plotter receives information ~rom 
either the SP or the Mk 25 through a selector swttch. 
The Mk 1 plotter receives information directly from 
the SP. The dial box receives information from sources 
th roughout the ship, th is information being recorded by 
a camera mounted on the dial box. An optical target ac
quisition system is used with th~ SP, in whid1 the 
optical beari ng and elevation information is fed to 
match-pointer indicators. 

The SP-SM Radar Equipment 
Severa l modificat ions were made to extend the use-

S P CONSOLE 

RANGE-------------

MK 8 MOO 2 
S TA8LE ELEMENT 

G 
2636 

LEVEL 
EL EVATION ----------

LEVEL -----------

STABLE ELEM ENT 

missile tracking. The IFF dipoles were removed from 
the antenna. 

Since elevation up to 90 degrees was desired, the con
sole assembly had to be modified to provide this in
formation. The elevation sector gear was replaced by a 
full gear. Before th is change was possible, the plane 
of the elevation gearing had to be shifted wi th respect 
to the azimuth gearing, since the new elevation system 
in terfered with the azimuth system. The original 30-
degree stop was removed, and adjustable stops installed. 
The elevation dial was engraved to 110 degrees. T11e 
height potentiometer and height circuit were discon
nected. T he upper limit switch in the antenna was set 
to operate at 95 degrees, and the upper synchronizing 
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PEN LIFT 
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FIGURE !-Tracking and plotting syste ms. 

fulness of the SP to a missile tracking system. The SP 
antenna, which has a maximum mechanical elevation 
limit of 60 degrees, was replaced by the SM antenna, 
which has a limit of 96 degrees. This necessitated re
placing the antenna control unit and the various ampli
dynes of the SP with those of the SM. The only major 
change required in the antenna was the changing of the 
cross level gearing from a 2- and 72 -speed system to a 
2- and 36-speed system as used in the SP. The synchro 
and synd1ro drive gears were changed from spur gears to 

- elical gears in order to achieve the proper ra tio in the 

0 tven shaft space. A camera mount and camera control 
circuits were added to the antenna as an adjunct to 

switch set to operate at 94. 5 degrees. The console stops 
were adjusted to give elevation from -5 degrees to + 93 
degrees. Besides these major changes, a variety of minor 
changes were made to allow the SM equipment to work 
in the SP system. The Model SP was connected into 
the system as described in the followi ng sections (see 
figure 1) . 

Train 
Stabilized relative bearing is fed to the Mk 8 plotter 

selector switch from the train DG's in the SP console. 
Since all the receivers in the plotter are lCT's, synchro 
amplifiers are not necessary. Relative deck beari ng is fed 
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Stern view of th 
the ADJUST e U.S.S. NORTON SOUND, showing 
capable of 1 ABLE ROCKET LAUNCHING RACKS 

aunch' y h 
smaller "Ae b mg - 2 type rockets as well as t e 

ro ees." 

from the Mk 8 M. 
M od 1 h od 2 stable e lement th rough a Mk 3 

sync ro l 'fi 
Pointer ind · amp 1 er to the dial box and match-

tcator. Stabi lized b · f 
the remote bear· true ean ng is fed rom 

' tng synchro in the SP console to the 
man ual plotte r and 

to the remote repeaters. 

Elevation, Level d C L I , a n ross eve 
D eck e levati · f 
I h I 

on IS ed from the DG's in the SP con
so e, t roug 1 a Mk ~ .. .. d 
f 2 J 

.) •v•o 1 synchro ampli fi er modified 
or - an 36 d . 
h d

. 
1 

b -spee operat1on, to the Mk 8 plotter 
t e Ia ox and th . ' 
. k f ' e match-po1nter. Level in formation 
IS ta ·en rom th b 

I 
. e sta le element, throug h a Mk 3 M od 1 

sync HO ampl1 fi d'fi er mo 1 ed for 2- and 36-speed operation 
to the Mk 8 1)1 . ' 
. . Otter and d1a l box. Cross level informa-

tiOn IS fed di t l . 
rec Y to the d1al box from the stable ele-

ment. 

Range 

R ange is fed fr tl fi d . om 1e ne an coarse range generators 
tn the SP range ·t t 1 Mk un1 o t 1e · 1 manual p lotting table 
and to the Reeve T ' 
. _ s ra nge com·erter. he range converter 
converb the: SP output from miles to yards. The 2 000-

yd. , 72,000-yd. , and 1,296,000-yd. outputs are f;d to 

the Mk H p lotter switt h, and the 2,000-yd. and 72,000-
yd. outputs are fed to the dia l .._ox I d 

•J • n or er to use a 
standard servo S)'Stem in the range . 1 S - ' converter, t 1e p 
console had to be modified to Jock togetl tl 1er 1e coarse 
and fin~ range output synchros. This was accomplished 

by . gcanng tog~ther the two range dials on the range 

un1t, and removmg the coarse range hanclwhee l f rom the 

coarse range d1al. The fine range hanclwheel then con-

trolled both the fine and coarse range outputs. This 

system does not affect the s tepping system of the coarse 

range unit, since it now steps wh enever the fine ranfi. 

handwheel crosses zero. 

The Mk 25 Radar Equipment 

The Mk 25 radar feeds deck elevation level range 

( 2,000 yds. and 72,000 yds. ) , pen Ji ft inf~rmati~n, and 

(indirectly) stabilized relative bearing to the Mk 8 

plotter selector switch. The stabilized rela tive bearing 

is obtained by feed ing relative deck bearin<> level and 
b> ' 

cross level information f rom the Mk 25 to a deck til t 

corrector, which performs the necessary computations. 

The Mk 8 Automatic Plotter Equipme nt 

The Mk 8 automatic plotter receives range, level, 

stabilized relative bearing, and deck elevation informa

tion from the radars and their stable elements. In order 

to plot the course of a missile in e ithe r the ho rizontal or 

vertical plane, stabilized true bearing, range, and a ltitude 

are required. Since range is one of the quan tities re

ceived by the plotter, it must compu te only altitude and 

stabilized true bearing . Stabilized true bearing is ob

tained from stabi lized relative bearing and O .S.C. in

formation . Altitude is computed from range and sta

bilized el~':ation . Stabil ized e levation was not one of(r ' 

the quant1t1es from the radars, but is computed from 

deck elevation and level. These computations are all 

performed in the plotter, which plots the course of the 

missile from the resul ts obtained. 

, 
Close-up view of the ROCKET LAUNC HING RACK, 
insta lled on afterdeck of +he U.S.S. NORTON SOUND. 
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ATTACK SONAR 
CONSIDERATIONS· 

In order for an AS\'{! ship to carry out successfu l at

tacks against an enemy submarine, with present day 

weapons and weapons of the foreseeable future, it is 

necessary that the sonar equipment be capable of supply

ing bearing, range and depth information with a rela

tively high degree of accuracy. I t is also necessary that 

analysis of this info rmation be made automatic or nearly 

so, in order that delays due to evaluation may be kept 

to a minimum, so that weapons may be broug ht to bear 

and fired at the proper times. 

In order to ob tain the above information with the 

necessary accuracy, the attack sonar equipment should 

~have the fol lowing features: 

l - Very precise training and til t mechanisms to aid in 

determining the bearing and depress ion angle of the 

submarine as measured by the sona r equipment. 

2- A t ransd ucer capable of operating at several fre

quencies and spl it electri ca lly in the horizontal and 

vertical p lanes. In order to obtain the highest degree 

of accu racy the transd ucer shou ld be stabil ized in at 

least two axis and probably in three. 

3- Sufficient power to g uarantee useful echoes at hig h 

speeds, where sonar self-noise is limiting, and on a 

no isy target. 

4- Single dial tuning to allow the operator to select 

operating f requency in the presence of _jamming. 

5- Display of beari ng, range and depression angle on 

a cathode-ray tube, or by other suitable means, which 

wi ll allow the ope rator to supply the best in forma

tion to the fire control equipment. 

6-In order to improve the sonar information, prov i

sion should be ava ilable for aided following in 

bearing, range and depression ang le. T he sig nals 

for aided tracking should probably be supplied by 

the analyzers which are a pa rt of the fire-control 

equipment. 

(~-The sonar information should be corrected, by a 

suitabl e resolver, for variations in temperature which 

effect the accuracy of the sonar range and depth . 

8-Provision should be made to retract the transducer 

whi le the AS\'i/ sh ip is searching. After contact 

has been made and the range of the target is within 

that of the attack sonar, its transducer can then be 

quickly lowered . Th is is necessary in order that th e 

self noise in the search equipment be kept at a mini

mum. 

An attack sonar equipment \\'h ich is expected to meet 

most of the requirements listed above is now being 

produced. I t has been designated the ANJ SQG- 1 (XN) . 

Installation aboard a destroyer wil l be made about July, 

1949. Evaluation should be completed early in 1950. 

In addition to the three-axis stabilized searchlight 

sonar, there are other projects a imed at providing the 

accurate target information required for fire-control. One 

of these is a system which scans in depth as wel l as in 

azimuth, with provisions for sector scan indication in 

both p lanes. Some d ifficulty has been experienced in 

different iating between surface-reflected and direct echoes 

in the vertica l scanning beam. T h is has led to the use 

of a larger depth-scann ing transducer, with a narrower 

beam wid th. 

Investigation is being made of the application of 

f requency-modulation techniques to the attack problem. 

Such a system would have the obvious advantage of 

p roviding continual target in formation, thus speeding 

up the solution o f the fi re-con trol p roblem. FM sonar 

has been relatively successfu l for use in submarine echo

rangi ng equipment. It is believed that additiona l im

provements in FM techniques must be found before the 

principle may he applied to surface sh ip attack sonar 

equ ipment, due to the hig h noise level of these shi ps. 

In general terms, we may say that the attack sonar 

must provide target information sufficiently accurate to 

allow placing of the anti-submarine weapon wi th in its 

lethal radius, at target ranges greater than the range of 

the weapon. T his is an ever-chang ing problem and one 

whose solution can never be final, but it is believed that 

equipment which will meet these requirements for today's 

anti-submarine weapon can be p roduced today. 
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MEASUREMENT 
AND REDUCTION 

OF SUBMARINE NOISES 
b)' 

RiCHARD l. HERSHEY 

Chief Engineer, Sonar Section, Electronics Office, Philadelphia Naval Shipyard 

The reduction of sound m submarines is a relatively 
new field of engineering . Prior to World War II the 

noise t~ansmitted through the medium of water by a 

submanne under way was not taken in to account. This 

was prima~ily caused by the fact that effective coverage 

of the son1c frequency spectrum was limited. When it 

was found th_at o:1r submarines were being detected by 

the en~my us1ng 1mproved sonic listening equipment, it 

was ev1dent that some measures had to be undertaken to 

quiet the submarine while under way and even whi le 
motionless. 

A system of noise measurement was started at the 

Submarine Base, New London, Conn. Sound officers 

were trained and teams formed to measure the noise 

created by . the submarine and its auxiliaries. Special 

measunng mstruments were developed and maximum 

limits of permissible noise levels were set by comparing 

levels measured on a number of submarines with 

a~iliary e~uipment known to be operati ng normally. 

Smce that t1me much has been accomplished in the field 

of noise reduction by designing quieter operating equip

ment, shock mounting auxili aries to insulate the machin

ery vibration from the steel hull of the vessel, etc. With 

the cessation of hostilities and subsequent demobiliza

tion, the noise. measu~ement teams were lost to the Navy 

and no effect1ve n01se reduction was undertaken for 

about _two year~ . Noise levels increased alarming ly with 

operatmg service and it was found necessary to re

establish this '"vital p reventive maintenance." The 

Bureau of Ships d irected the Commanders of N aval 

shipyards and other activities servicing the submarine 
fleet to establish ··noise measurement groups." 

Such a g roup was established in 1947 by the Philadel

phi_a ~a~al Shipyard. R_esp?nsibility for establishing and 
mamtam1ng th1s organ1zat10n was vested in the Elec

tronics Officer_ wi th co-ordination of the group unde r 

the_ Sonar Sect10~ . !his in itself is interesting since it is 
bel1eved that th1s IS the only shipyard in which h 

k · sue 
wor IS carried on by the Electronics Office. I t seemed 

obv1ous at the time that the relation between sound 

~easurement and sonar work was close enough to com

hlne them in one section and thereby permit maximum 

economy of operation. The organization, implemented 

by selected shop specialists, has worked remarkably well, 

although many obstacles had to be surmounted . Men 

who were acknowledged specialists in sonar work and 

submarine maintenance had to be taught the technique 
of d t · . e ectmg and evaluating unwanted sound. The most 

dtfncult task was the selection of a test area for under

way tests. The area had to be free of normal ship traffic. 

General weather conditions must be favorable for sud1 

tests _and depth of the water must be great enough to 
Permi t sub · d" · . mannes 1v1ng to periscope dep th. After 
extens1ve surve . y, an area was selected m D elaware Bay 
92 miles from Philadelphia. Through the courtesy of 

the U. S. Coast Guard an 8 3-foot Coast G uard cutter has ~~ 
bee_n placed at the disposal of the Shipyard when needed. 
Th1s boat was t" J · d . . . . u 1 1ze as a sound measurmg boat, thereby 
ebmmatmg the d f f . d nee or a ull time Navy boat an 
crew. This typ f b · . e o oat IS particularly adapted for the 
purpose as "t · 1. . . 
. ' 1 IS gaso me-engme-dnven and can be 

stlenced by st · 1 . . 
. . oppmg t 1e eng mes, but at the same t1me 

perm1ttmg a quick "f f emergency start to get under way 1 
ast maneuvering is required. 

Underway noise tests are conducted on the surface or 
submerged at · ( . penscope snorkel) depth. The vessel 
makes vanous d . . spec runs on both main motors and 
eng1nes w1tl · · 

. ' 1 evasive machmery operating. During the 
mam motor runs th h · 

I 
, e s 1p removes power from the shafts 

w 1en the p rops . 
I 

are oppos1te the test h ydrophone on 
t 1e sound bo t I 1 · a · n t 11s way, defects in the shafts and 
props can be dete t d d c e an eva luated as the shafts slow 
down to a stop. 

M any r)roblems · d · . . anse unng an underway sound test. 
Fish m the vic" "t f I . . 1n1 Y o t 1e test contnbute noises wh1dl 
to the untrained ea · . r approximate the no1ses common to 
poor shaft cleara b d k" . 
The .. . nces, a pac mg and prop deficienoes. 

porpoise" grun ts and squeals; the "weak fish" 
chatters and th "d fi h" e rum s beats out a mournful dirge. 
A school of po · 1 . 
. rpo1ses p aymg around the sound boat 
IS a pretty sight to behold , but a headache to the test 
crew. Underw t h ef' ay ests ave hazardous momen ts since th 
sound boat must 1 . h . ' ay to w1t all propulsiOn and controls ' 
shu t down Sudde h . . d d" · n c anges m wm 1rection and un-

predictable drift have, in many instances, brought the 

raft so close to the submarine under way as to almost 

apsize the smaller vessel. When the submarine is 

travelling submerged a very close watd1 must be main

tained to prevent a casualty. 
The dockside test of auxiliaries raises many problems 

when the tests are conducted at the completion of an 

overhaul. I t may be readily understood that in order 

to make a test of all auxilia ry machinery, each machine 

must be operating satisfactorily, all loose g~ar must be 

removed from the vessel, deck plates must be secured 

and loose brackets and fittings must be tightened so that 

no spurious v ibrations are set up when the auxiliary is 

operating . The time interval between yard completion 

date and RFS period is very limited. Deficiencies noted 

in the test must be corrected immediately or be reported 

as "uncorrected deficiencies." 
The very nature of noise tests precludes the possibility 

of conducting them other than at night or on a non-work 

day in an industrial area such as a shipyard. Th is in 

itsel f places drastic limitations on the time interval 

between overhaul completion and ship's departure. Pub. 

licity for this work within the shipyard, without disturb

ing the classified nature of noise tests, has aided mate

rially the indoctrination of in terested personnel and has 

overcome many of these limitations. Shop personnel are 

told the basic reasoning behind a noise test, and why 

each submarine must be inspected thoroughly for poor 

workmanship, sound short circui ts, improper or mis

aligned shock mounting, etc. 
Much instrumentation is required to evaluate noise, 

its cause and its cure. The noise measurement group 

at Philadelphia uses as a basic test instrument the OA Y 
noise level monitor. Thi s has been implemented by a 

GR sound level meter and vibration probe, a GR sound 

level analyzer, vibrat ion meter, vibration analyzer and a 

frequency response recorder. Each instrument serves its 

own particular purpose in a final evaluation of the prob

lem at hand. 
A Magnatape tape recorder with three capstans cover

ing a f requency range of 50 to 12,000 cycles, is used to 

record each noise test. For recording the overall noise 

test a capstan with tape speed of 4" j sec is used, covering 

a frequency range of 50 to 5000 cycles. Problems in

volving highe r frequencies bring into use the 7 Yz" j sec 
or 15" ; sec capstans with respective frequency response 

of 60 to 9000 cycles and 100 to 12,000 cycles. 
Recordings a re ca talogued and filed for future refer

ence. Excerpts from recordings are now being gathered 

together and spliced into one recorJing tape for use in 

a noise elimination training prog ram for the shipyard 

work. 
• M any items contribute to the high noise level of sub

marine auxili aries. Foremost among these are {1) sound 

short circuits, i.e. metallic objects making di rect contact 

with the alLxiliary and the hull; {2) loose lockers and 

cabinets; ( 3) improper seating of brushes on motors and 

generators; (4) bad packing; {5) excessive air in hy

draulic systems; (6) improper compression of rubber 

mountings; (7) bad valves; (8) improper end thrust ; 

(9) bad contacts in control panels ; {10) lcose and 

squeaky handles for hand controls; ( 11) bad coup lings; 

( 12) loose flywheels; ( 13) til ting blocks; ( 14 ) bad 

bearings; and (1 5) loose objects in superstructure. 

In addi tion to providing information whid1 will lead 

to silencing submarines, noise measurements can and do 

provide an excellent indication of the mech anical condi

tion of various auxil iaries that have · been repaired or 

overhauled during the submarines availability. 
Many instances have occurred during a dockside noise 

test where the recorded noise level of an auxiliary was 

safely under BuShips permissible limits but gave evidence 

of noise not common to the particular machine. In each 

case further investigation revealed defects in moveable 

parts which would have damaged or d isabled the 

auxi liary in a short time. 
The noise measurement g roup does not accept an item 

just because it is within the acceptable limits but at

tempts to investigate each unidentified sound and makes 

recommendations for corrective action. It is believed that 

such action helps to keep the auxiliaries in the "si lent 

zone" for a longer period of time. The instruments 

used in noise measurement will d etect and record sounds 

that are not normally heard by a mechanic. 

Noise tests are conducted prior to the start of the 

ove rhaul period and again upon completion. 

When an auxiliary fa ils to pass the noise test and the 

deficiency cannot be corrected in place, the machine is 

removed to the cognizant shop for corrective action. 

T ests are again conducted in the shop and by use of a 

vibration probe, the deficiency is isolated. After com

pletion of repairs, the auxiliary is assembled and tests 

are conducted again prior to reinstallation. During dock

side tests the auxiliary is tested in p lace and if the noise 

level is over permissible limits the trouble can readily 

be traced to causes other than within the auxiliary. 

Painted.over shock mountings are the most common 

source of trouble. A painted shock mounting may spell 

the difference between "over limit" or "under limit" as 

defined in a noise measurement report. 
Constant surveillance by ship 's force and repair ac

tivities can do much to keep our submar ines "the si lent 

service." 
The author foresees the day ·when the isolation or re

duct ion of noise wi ll be carr ied forward on a much 

greater scale, and wi ll eventually encompass every com

bat ship of the N avy. 

The Philadelphia Naval Shipyard and its electronics 

engineering g roup are doing their part in carrying this 

program forward. 
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SOME 
TECHNICAL ASPECTS 

OF RADIAC 

by 
]. FORSTE.R, 

Radar Section, Electronics Laboratory, Pbiladelpbia Naval SJJipyard 

Several questions about radiac have repeated ly been 
asked of the Electronics Laboratory. H ere are some of 
them together with the answers. 

What Are You Measuring 
With Radiac Equipment? 

Some substances naturally, or when they have been 
"processed," em it radiation. These substances are then 
said to be radioactive. They emit 

a - radiations which are heavy positive ly-charged 
particles. 

,a- radiations which are high-speed electrons. 

"Oh the.re ET.r.l All they care abo11t is 1/JhO is fir.rt on 
that radiac arlit"le. ·· 

y- radiations which are electromagnetic waves of 

a frequency 10:!\1 cycles per second. 

neutrons-which are neu tral radiations of grea t 

penetrating power. 

The term radiac is gotten from rad io activity detection 
identification and computat ion. The equ'ipments do just 
that to the emitted radiation. 

How Does the Radiac Equipment 
Measure Radio~ctivit: ? . f 

Some of the rad 1ac equ tpmen ts operate on the pnn· 
ciple that these radiations (a, ,8, y, neutrons) as they 

pass through a gas-fi lled tube cause· the gas molecules 
to ionize. The tube has two electrodes across which a 
potential of several ·hundred volts ex ists. The ions ac· 
celerate toward oppositely-charged e lectrodes and in so 
doing hit and ionize other gas molecules which in turn 
ionize others. An avalanche of e lectrons (pulse) 
reaches the anode about one microsecond after the 
primary ionizi ng event. 

Th~ number of pulses occurring is p roport ional to 
the amount of radiat ion. Usually in fie ld eq uipments the 

charge or amount of ionization (roentgen ) reach ing 
the anode per unit time is amplified by e lectronic cir
cuits and read on a microammeter. Th is reading is called 
the in tensity of radiation and is measured in roentgens 
per unit time. 

Some ionization chambers are open cyli nders or other
wise air-fi lled, wh ile others are glass or meta l enclosed 
tubes known as Geiger-Mueller tubes. 

Two other basic means of detecting rad iation a re as 
follows: One uses the ionization princi ple to d ischarge a 

charged electrometer. Such equipments read tot·a l radia
tion received, rather than in tensity and are of two types, 

the .pocket chamber and the pocket dosimeter. The pocke~ 
dosuneter IS a self-reading equipment while th e pock~ 
chamber requires a detector-charger in order to be read . 
The other basic method utilizes the fact that rad iat ion 

will d arken unexposed film. The opacity of the de

eloped film is measured and 1s proportional to the 
amount of exposu re to rad iation. A calibration curve 

can be obtained show ing the total dosage received. 

casualties due to the radiation from the atomic bomb 

air burst was less than 15 7c; . T oday the legal and 

medical dosage limit is .1 roen tgen per day, taken in

definitely over tbe entire body. T he radiation from a 

'vrist watch with luminescent dials is often nearly that 

of the daily dosage but since it does not irradiate the 

entire body it is negl igible. 

What New Units Are Needed to 
Understand Radiac? -

From the forego ing explanation, the roen tgen is a 

measure of the amount of ionization. Specifically, one 

roentgen will p roduce one electrostat ic unit of charge 

( esu ) in 1 cc of air at standard conditions. This is 
equivalent to enough radiation to cause the formation 

of 1.6 x 10 1 :! ion p airs . The unit of intensity is roent
gens per day or mi lli roentgens per hour. 

Who Takes Care of Radiac Equipment? 

How Much Radiation Can I Take? 

At Naval shipyards the electronics laboratory has full 

cognizance over the maintenance, calibration, and repair 

of radiac equipment. Aboard sh ip this work would 

logically fall to the ETM. 

The fear of the unknown surrounding radiological de
fense shou ld be d ispel led. At Hirosh ima the number of 

What Are Some of the Common 
Radiac Equipments? 

The following is a chart of field equipments : 

Set No. Components Characteristics Ranges 

ANj PDR-2 Radiac Set An ionization chamber which de- 0 to 200 mrj hr 
D T-12j PD tects gamma radiation and indi-
PP-310/ PD cates the cumulative intensity. 

ANj PDR-3 1. Radiacmeter 1. A dosimeter of the self reading 200 milliroentgens 
IM-9j PD type. This is carried on person. 

2. Radiac detec- 2. Required only to charge the IM-
tor charger 
PP-311j PD 

9j PD 

ANj PDR-4 1. Radiac detec- l. A dosimeter which requires the 200 milli roentgens 
tor DT- 16/ PP-316/ PD to charge it and 
PD to read the radiation received. 

It is carried on person 
2. Radiac detec-

tor charger 
PP-316j PD 

ANj PDR-5 l. Radiacmeter 1. A Geiger-Mueller survey meter Three ranges: 
IM-1j PD which reads intensity when cali- 0 to 20 mr / hr 

bra ted by the radiation from a 0 to 2 mrj hr 
radium source. 0 to .2 mrj hr 

IM- 3/ PD Radiacmeter An ionization chamber which de- Four ranges: 
tects gamma radiation and ind i- 0 to 2. 5 mrj hr 
cates instantaneous intensities. 0 to 25 mrj h r 

0 to 250 mrj hr 
0 to 2500 mrj hr 

IM- 5/ PD Radiacmeter An ionization chamber which de- T hree ranges: 
tects gamma radiation and indi- 0 to 50 mr j hr 
cates instantaneous intensities. 0 to 500 mr j hr 

0 to 5000 mr j hr 

IM - 7j PD Rad iacmeter An ionization chamber which meas- Two ranges : 
ures alpha, beta and gamma rad i- 0 to 100 mrj hr 
at ion. 0 to 1000 mrj h r 

----
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ARE YOU. ON THE BEAM? 
N ever in the history of N aval Communications has 

the radio-frequency spectrum been so limi ted as it is 
today. The operation of communication equipment 
within p rescribed tolerance limits was h ighly desirable 
last year and the year before. T oday, f requency adher
ence is an absol11te necessity. 

In addition to the limited spectrum, demands within 
the spectrum itself are cont in ually increas ing. To satisfy 
tllese conditions, tolerance limits have been reduced to 
tlle fo llowing : 

Class of Station j 
Below 

I 
50 kc to 535 kc to Above 

50 kc 53 5 kc 25 Me 25 Me 

Shore 

l 
0.1 % 0.02% 0.005% 0.01% 

Mobi le and 0.05% 0.015% 0.01% 
Portable I -. 

T hese tolerance limits are p rescribed in USF 70 (B) . 
T able I is an example of frequency tole rances for U .S. 
Naval vessels based on tlle new tolerance of 0.015% 
for f requencies from 535 kc to 25 Me. Reliable com
munication can be established and main tained only by 
absolute adherence to the operating freq uency. 

Radio-frequency measurements on transmissions from 
U.S. Naval vessels and mobile un its are continuously 
being obtained by communication security activities at 
Bellmore, Long Island, N ew York ; Imperial Beach, 
California ; Skaggs Island, California ; and Guam, 
Marianas Islands. Resu Its of these measurements ob
tained during the past two years are shown in figure 1. 
The number of transmissions in which tole rance limits 
were exceeded in terms of per ce11t o f tota l transmissions 
is plotted against the t ime base. 

Analysis of figure 1 indicates that a general overall 
improvement has been made. This improvement must 
continue if the established spectrum and frequency as
signments are to be uti lized efficiently. 

I n order to effect improvements, all vessels and ac
ti vities should comply with the following regulations as 
stipulated in USF 70(8) . 

1- Immediately upon being assigned to a task force, 
each ship sha ll , at first opportunity in port when not 
engaged in combat operations, calibrate a ll trans
mitters and receivers (i ncluding portable equipment) 
on all appropriate task force frequencies. 

2 After initial calibration, shipboard transmitters 
shou ld normally be checked with the f requency meter 
only when it becomes necessary to transmit. 

) - Under no circumstances should transm issions, how
ever hncf. he made for the purpose of testing or 

2 

adjusting transmitters during combat operations. If, 
while at sea, a transmi tter must be shi fted to a new 
f requency, calibration settings a lone should suffice. 
If the calibration settings are inadequate, adjust
ments may be made w ith the f requency meter, pro
vided no plate voltage is app lied to the fin al stage 
and the transmitting antenna is g rounded . Tuning 
of the final stage and an tenna w ill be accomplished 
only when it becomes necessary actually to t ransmit. 

NOTE: A method, not requiring any equipment in 
addition to that a lready p rovided aboard ship, has . 
been devised for tun ing all of the stages of stand
ard communication transmitters w ithout the neces
sity for radiation f rom the antenna. Full ex
p lanation of this method is publ ished in t11e 
Communication Equipment M aintenance Bulletin 
(NavShips 900,020A) , Page ANT :5. 
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FIGURE I. 

4-Unless a circu it has been active, it should be standard 
practice to check the tuning of receivers a t least once 
an hour, using the frequency meter. 

5-Frequency measuring equ ipment sho uld , if p ractica
ble, be checked against the standard f reguency trans
missions broadcast by the Bureau of Standards from 
radio stat ion WWV near Beltsvil le, Maryland. In
formation rega rd ing these broadcasts is p ublished in 
the Communication Equ ipment Main tenance Bulletin 
(NavShips 900,020A) Page GEN: 100. 

6-Transmitters ashore should be checked as f requently 
as necessary to insure their being at all times ac
curately adjusted to the authorized f req uencies, btl" 
d~n't stop there. After your f requency meters trans
mt tters and receivers have been checked and cal1 brated 

and all ~orrection s made for p roper operation and 
emission on the required f requencies, continue to 
check ~hem periodically. Operators and technicians, 
working together, are primari ly responsible for the 
operation of communication equipment. On ly by 
p roper maintenance and operation wi ll your equip
ment be on the beam. 

TA BLE I 

I N D EX O F FREQUENCY TOLERANCE 
FOR U .S. NAV AL VESSELS 

FreqHeucy T olerance FreqHeucy To/era11re 
( kc) (kc) ( cycles±) (cycles±) 

2058 309 2698 405 
2196 329 2716 407 
2336 350 2780 417 
2656 398 2820 423 

2830 
2844 
2956 
4155 
4235 
4295 
4610 
5335 

425 
427 
44 3 
623 
63 5 
644 
692 
800 

6692. 5 
8470 
8590 

12637.5 
12705 
16550 
16940 

Example : For determining f req uency tolerance: 
Frequency : 8470 kc or 8,470,000 cycles. 
T olerance: 0.0155o = 0.00015. 

8470000 
0 .0001 5 

42350000 
8470000 

1270. 50000 

Tolerance is 1270.5 or 1271 cyclesj second. 

1004 
1271 
1289 
1896 
1906 
2483 
2541 

RADIOLOGICAL DEFENSE AND 
THE ELECTRONICS LABORATORY 

by 
]. FoRSTER, 

Radar Section, Electronics lAboratory, Philadelphia Naval Shipyard 

In March 1947, the Bureau o f Ships defi ned the in
strumentation for radiolog ical defense as a responsi
bili ty o f the Elect ron ics Officer. It then became the 
function o f the Elect ronics Laboratory to distribute, main
tain and repair these equipments known as rad iac. 

By the following year (Apri l l 948 ) the Chief of 
Naval Operations had d irected that a Navy-wide radio
log ical defense organization be started. To implement 
this directive the Bureau of Ships initiated (1) a train ing 
p rogram, and ( 2 ) a small allowance of interim equip
ment to be used unt il better field eq uipments became 
ava ilable. 

D uring recent months, the Ph iladelphia Electronics 
Labora tory has been vitally concerned with th is twofold 
prog ram . As regards the training program, one eng ineer 
has attended the six-week course at the Army Chemical 
Cen ter in Maryland . A nother eng ineer and th ree men 
f rom Shop 67 attended the Radiac Maintenance Course 
held at H unte r's Point, Cali fornia, in Nov. 1948. In 
turn, these men are to institute additional local training 
prog rams. 

In drawing u p a radefense bill for the Shipyard, the 
Electronics Laboratory was actively integrated therein. It 
is the du ty of the Laboratory to t rain monitoring teams, 
hold f requent exercises to p repare for emergencies, and 
a librate and mainta in the rad iac equipment. T he com
nun ications equipment necessary for monitoring in the 

field is also to be provided and mainta ined by the 
l aboratory. From the foregoing, it is log ical to include 

at least one man from Shop 67 on each monitor team . 
As outlined in the radefense bill, the Radiolog ical D e
fense Officer has as h is assistant a ch ief monitor to co
ordinate the monitor teams. T he e lectronics eng ineer 
with previous training at Maryland was an obvious 

choice fo r ch ief moni tor. 
A t present, the Laborato ry has two Radiac Sets Model 

ANj PDR-5 (Victoreen Model 263 Survey Meter). One 
was acquired when the former E. 0 . at th is Laboratory, 
Captain C. Eng leman, returned from the Bikin i tests. 
T he other was received on BSSO .;':12624 1 of 16 Feb. 
1949 for radiac maintenance fami liarization purposes. 
T h is equipment has been put to a variety of uses. O n one 
occasion, the Mate rial T est Laboratoqr d ropped a radium 
source in the ho ld of a submarine. In order to find it the 
services of the ANjPDR-5 were required. 

As this is being wri tten, the Bu reau of Ships has 
issued a mod ified allowance l ist for radiac eq uipment 
which now includes several equipments for familia riza
tion and several more for use in the area. F rom another 
allowance list, the damage control cen ter in th is shipyard 
is to receive a large number of rad iac equ ipmen ts for 
training of shipboard person nel. At present, the p rospec
tive installation of radiac equipments aboard ship is quite 

limited but surely will increase before long. 
From the foregoing, it is certa in the fu ture of radiac 

equipment is intimately bound up with that of the 

Electronics Laborato ry. 
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ELECTRONICS DESIGN 
SECTION 

AT LONG BEACH 

by 
F. J. FLYNN, 

H ead , Electronics Design Sectioll, Long Beach Naval Shipyard 
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EXPOSED CONTROL STATION as it would appear when RCT is under radio control. 

The Electronics D esign Section of the Planning De

partment, Long Beach Naval Sh ipya rd , opera tes as design 

agent for all shipboard and some shore e lectronic instal
lations with in the cognizance of the Shipyard . 

T he rou tine electronic installations in vessels fo r which 

Long Beach Naval Sh ipyard is plann ing or home yard 

are interesting ly interspersed by a generous sp rinkling 

of novel conversion or modification jobs to be developed 

in plan form for application to ships of the fleet. 

Most recen t was the conversion job undertaken to lit 

out PT boats as radio-controlled ta rget craft, to be 

utilized by Naval Air Missile Test Center, Point Mu,gu. 
California. 

T hree PT boats, under command of Lt. R. F. Murray, 
USN , arrived here for the major ope ration , and electron
ics desig n engineers swarmed aboard to co llect essential 
data. The fi ni shed plans included a n umber of features 
re levant to the operation of the boats that had not been 
li sted among the general reguirements bu t were con

sidered sufficiently desirable for inclusion. An automa t~ 
ig nition advancej retard was in tegrated with the radit 
controlled th rottle operator; an automatic fi re extinguish· 
ing system was so interconnected with the eng ine control 

system as to shut down the engines in the event of fire ; 
selector switch faci lities were provided to permi t opera
tion of the boats as either drone or control boat as de
sired. Modifications were necessary to the fluxgate com

pass system to enable it to operate in control of the 
radio-controlled boat steering system. Modifications to 

the steering servo amplifier were reguired to permit it 
to control the rudder in the absence of radar in the boats. 
Special testing technigues were established for the align
ment of the radio control transmitters and receivers to 
ensure maximum stability and interchangeabi lity factors. 

Trial runs made by the boats revealed that control 
·a uld be main ta ined in a condition 3 seaway on a fixed 
course and through a distance that was more than ade
guate. The course could be changed in 1 o increments 
and the speed could be changed in ten steps from idle 
throttle to full throttle. The writer ·had seen the old 
Utah, Boggs and W'i//iaiiiS0/1 under radio control but 
they cou ld not conceivably provide the spectacular aspect 
these small fast craft presented by the sight of the helm 
turning to keep the boat on course \vhile all hands 
li terally went along for the 50-knot ride. 

I! 
f 

RCT-14 and -15 alongside, 
prior to a radio-controlled. run. 

Lt. M ur ray maneuvered the boats with unbelievable 
ski ll wh ile under radio control, and when the dialing 

system of turn ing was not fast enough for him he 
simply punched the securi ty button rapidly while hold

ing the dial off zero. Lt. Murray, knowing the boats 

and thei r capabili ties, was a fa r better demonstrator of 

the flexibili ty of the radio control system than any of 

the design engineers along on the sea t ria ls. H e even 
brought the boats into line of bearing by radio control, 

and racked the nerves of all aboard the controlled craft. 
Currently the PT boats (now designated as RCT's 13, 

14 and 15) are here for addition of radar and augmented 

radio communication facili ties. 
The Electronics D esign Section 1s a portion o f the 

Planning Department but works in close harmony with 

the personnel of the Electron ics Office Ship Section and 

with the personnel of Shop 67 . 
It is our constant aim to develop completely workable 

plans for facile installation of electronic eguipment so 

that this or any other sh ipyard may uti lize them with a 

minimum of confusion. 

NOBODY HOME. At left, Lt. R. F. Murray aboard RCT- 15, controlling RCT-14 
at the right. At right, RCT -14 under radio control, leaving RCT -15. 
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MODIFICATIONS TO 
OKA EQUIPMENT 

Certa in internal equipment modi fications and external 

w iring changes to the Model OKA Sonar Resolving 

Equipment are required in order for the sonar system to 

provide correct outputs to the equipment comprising the 

Model UB Fire Control System. Although a limited 
amount of information concerning changes to the Model 

OKA has been previously provided to certain agencies, 
the follow ing account contains a complete statement of 
procedu re and material available. 

The following field changes shall be accomplished in 
the Model OKA equipments affected: 

Field Change No. 2-0KA, "Provision for External 

Excitation of Rq Synchros, B-206 and B- 207." This 

modification involves a relatively simple wi ring change 

to the range keeper assembly of the sound range re
corder unit, to allow excitation of synchro generators 

(Type lG) B-206 and B-207 from an external 115/ 
60/ 1 source independent of main power input to the 
Model OKA equipment. 

Field Change No. 3-0KA, ''Modification to Provide 
2000j 72,000 Y ards Range T ransmission." This modifica

tion involves removal of four elements of th e internal 

gear train of the range keeper assembly of the sound 

range recorder, and replacement by four new gear 

train elements. The replacement parts are supplied in a 
kit identified by Sangamo Electric Company Part No. 
38 2465. 

It must be emphasized that fi eld Change No. 3-

0KA is to be accomplished under the guidance of one 
of the ASW Field Engineers (Phi leo Group) ; inasmuch 

as Field Change No. 2-0KA involves the same as

sembly of the OKA sound range recorder, it is desirable 

that the two changes be performed concurrently. This 

p rocedure has been dictated by two factors: the sets of 

gears required for F ield Change No. 3- 0KA are 

available only in limited quantity; and future conversion 
of Model OKA eq uipments, now under study, requi res 

that the gear change he performed only in accordance 
with the fie ld change instructions by an engi neer thor

oug hly familiar w ith the function of the range keeper 
assembly of the OKA sound range recorder. 

All Model OKA equipments contain, in the sound 

range recorder unit, a manual range control, B- 203. 

functionally, B-203 is a Type lG synchro unit with a 

hand wheel connected to its shaft ; the stator order output 

d rives a servo amplifier which positions the range d ia l 

and gear train co nstituting the range keeper assembly. 

W hen director transfer relay K - 21-1 is in ON position 

the stator output of B- 203 is transferred to a Type 1DG 

synchro in certain underwater battery fi re control equip

ment, which adds a shaft order of incremental change 

of range; the e lectrica l output of this 1DG is then ac

'cepted by the OKA and, through the servo ampli fier 

mentioned above, causes the OKA range keeper assembly 

to follow target sound range changes. without manual 
adjustment of B- 203. Late model fire cont rol equip
ments contain a Type 1G synduo in the computed 

sound range output and cannot, in consequence, accept 

the manually-set output of B-203. Discussion o f the 

precise manner in which the .c:,Rqj cRq synchro function 

shall be connected is curren tly under discussion between 

Bureau of Ships and Bu reau of Ordnance. Until such 

time as these d iscussions are concluded and further in 

structions are issued by Bureau of Ships, input of com

puted sound range, originating externally to the OKA 
in a Type 1G synchro, shal l not be connected to the OKA 
equipment. T he external synchro order in q uestion shall 

be stu_bbed bac~ at the OKA No. 2A terminal ??ard~ 
and d1rector sw1tch S- 208 blocked in the OFF pos1t1on. 

Certain field activities have made informal inquiries as 

to the reason for promulgation of Field Change No. 1-

0KA, detailed in the March 1949 ELECTRON as "Altera

tion to Permit Locking Switch S- 204 in Three Positions." 

As a matter of general interest to a ll addressees, the 

reasoning behind this change is here stated . The keying 
internal switch S- 204 on the OKA sound range recorder 
provides th ree positions- LONG SCALE, RANGE VAlUABLE 

and FULL SCALE. The switch locks in the first two posi

tions, hut not in FULL SCA LE. When a sonar ta rget is 

obtained , keying control of the sonar ranging eq uipment 

is transferred to the OKA. A t ranges beyond 1500 yards 

the keying in te rnal switch would normal ly be locked in 

the LONG SCA LE posit ion ; then as the sound range drops 

below J 500 yards the keying internal switch setting is 
changed to RANGE VAR IA BLE or FULL SCALE. The RANGE 
VARJ1\BLE position re-cycles the OKA keying circuits at 

sound range plus a constant overtravel. I t can therefore 
be demonstrated that in a series of attacks the consecu
tive ranges between a submarine ta rget and its su rface 

attacker can be determined by the submarine by mon ito r

ing the sonar ranging signa ls and measuring their inte r

va l. In the FULL SCALE keying position, however, the 

onl y_ infor~ation avai lable is by monitoring the atta~J-4 
hearzng, wtth current sound range somewhere w ithn 

1500 yards. A locking position for the FULL SCA LE set

ting of S- 204 has therefore been provided. 

ELECTRONICS CONFERENCE 
AT THE BUREAU OF SHIPS 

Another milestone in the progress of Navy El t . 
. . ec ron1cs 

was passed May 20 upon termmat1on of the 1949 El 

tronics ~onference. More th_an se~renty. t~p-flight Na~
ElectronJCs Officers and theiC ch1ef ovtlian a . Y 

. . • ss1stants 
arnved 16 May from Naval sh1pyards, repair base fl 

-.. . . 
1 

s, eet 
~servtce forces, and elect rontcs supp y centers to att d 

the conference and improve coordination between et~ 
Bureau of Ships and outlying field activities. 

1
e 

At the start of the conference the rep resentatives heard 

Rear Admiral D. H. Clark, Chief of the Bureau of 

Ships, and Capta in A. L. Becker, Assistant Chief of the 
Bureau f or Electronics. 

Captain Becker opened the conference. In his brief 

talk he expressed h is pleasure at the turnout and the in

terest displayed by the conferees in meeting with repre
sentatives of the Bureau to discuss common problems. 

Admiral Clark extended a most sincere and cordial 

welcome to the conferees. In his talk he pointed out the 

tremendous expansion of N avy electronics during \'\lorld 

War II and emphasized the fact that in any future con

flict electronics w ill be increasingly important. H e 

brought out the fact that economies will necessi tate care

ful selective spending of available appropriations. H e 
also expressed h is confidence in the abi lity of the con
ferees to arrive at a workable solution to their problems. 

During the course of the first day several committees 
were IJamed, the 1948 conference was reviewed, and 

many items of progress during the past year were cited. 

During the followi ng days the complex ramifications 

of many questions and problems of wide general interest 

were brought to light. The "History of D evelopment 

• nd Report on first Year Operation of Shop 67" at Mare 

Islan~ Nava l Sh ipyard was discussed. "Special Elec

tronics P roblems Regard ing GCA Systems" were d is-

The EO CONFERENCE in session. 

cussed. "Special Electronics Problems Concerning Relay 

Links" came in for their share of attent ion. 

Captain R. J. Arnold, Assistant Chief of the Bureau 

of Supplies and Accounts for Material and Supply, 

talked on " Electronics Supply Problems," stating that 

the goal of the supply department was similar to that of 

any commercial supplying activity- that of having the 

material on hand and delivering it p rior to the time of 

need. 
One day of the conference was ·devoted to a familiar

ization tour of the Naval Research Laboratory. At the 

laboratory the conferees were met and welcomed by the 
Director, Captain F. R. Furth. Later, Rear Admiral T. A. 
Solberg, Chief of the Office of Naval Research, reviewed 
continuing requirements for a vast storehouse of knowl
edge in the physical sciences so that the cognizant mate
rial bureaus in the Navy D epartment may prosecute ag
g ressive programs in order to main tajn the .fleet at the 

highest state of readiness. 
In a speech on "Career Planning for Electronics Per

sonnel'' Rear Admiral C. D. Wheelock, D eputy and As

sistant Chief of the Bureau of Ships, expressed his faith 

in the value of a long-range selection and train ing 

program for electronics personnel. 
The "Shore Station Naval Reserve Electronics Pro

gram" also was discussed fully at the conference. 
Captain Beltz, Deputy for Electronics, in his speech 

" What Is The N avy Getting For I ts Money?" pointed 

out that with limi ted funds electronics activities must 

overhaul their accounting systems in order to get a 

dollar for dollar value from thei r al lotments. 

In the closing address of the conference, Captain 
Becker indicated that this had been one of the most 
interesti ng and profi table of such conferences. H e fel t 
that the in terchange of ideas wh id1 had occurred would 

tend to stimulate thinking so that we could all do a 
better job of developing, insta lling, and maintain ing 
Navy electronic equipment. H e also st ressed the need for 

team-work, cooperation and originality. 

In regards to the "future of electron ics," he pointed 

out that any defense against g uided missiles and high

speed submarines will consist of some type of electron ic 

device. "The Electronics Age is not around the corner," 

said Capt. Becker-"it is here!" 
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SINGLE SIDEBAND UNDERWATER fJ.. 
' TELEPHONE 

One of the most significant advances in underwater 
communications since the end of hostilities has been the 
development of the underwater telephone by the U.S. 

avy Underwater Sound Laboratory, New London, Con
necticut. This equipment makes it possible for voice 
communication between two or more submerged sub
mar ines, submerged submarines and surface ships and 
even submerged submarines and aircraft. A carrier fre
quency of 8 kc is used, and single sideband suppressed 
carrier transmission is employed with the result that 
all of the energy transmitted conveys intelligence. 

Upwards of a dozen underwater telephone equipments 
have been in service for over one year so that considera
ble operational evaluation has been done. Ranges of 10,-
000 yards may be considered reliable and communication 
distances of 30,000 yards and more have been reported. 
It is generally possible to communicate further using the 
underwater telephone than by telegraphic signaling on 
the same frequency. This rapid fire communication 
makes possible employment of submarines in exercises 
which would have been impossible heretofore. For 
example, at Surface Anti-Submarine Development D e
tachment the OCE will often be aboard a submerged 
submarine and direct the maneuvers of surface ships in 
the vicinity to carry out a particular mission. By stop
watch timing of mark signals, the range can be accurately 
determined within the limitations of the range of the 
day for the underwater telephone. Submarine Squadron 
6 found the telephone to be a powerfu l aid in keeping 
station on a picket line. An exercise was recent ly per
formed which required the location of another sub
marine within an area of 100 square miles. With the 
use of the underwater telephone the lost submarine was 
located on the first pass through the area. This makes the 
equipment very valuable for effect ing a rendezvous as 
well as for location of a submarine in d istress. 

AN/ BQC-1 

DRIVER RECEIVER 

TRANSDUCER 

AN/ UQC-1 

Underwater telephones are being manufactured in two 
sizes. The la rge unit (ANjUQC- 1) for installation on 
submarines and surface sh ips as an instrument for regu-
lar comm~nication use, has an output of 400 watts. One
such equ1pment is being procured for each fleet sub-~ ... , 
marine in commission and in add ition for a limited 
number of surface ships which may regu larly have occa-
sion to operate with submarines. The second type of 
underwater telephone (ANj BQC- 1) is intended for 
emergency use, con ta ins its own battery power supply, 
and has a power output of one watt. A reliable range 
of 1000 yards is obtained . The emergency underwater 
telephone is also capable of emitting a beacon signal 
on a standard echo-ranging frequency. This w ill allow 
a surface vessel to home on a submarine in d istress. 
Three of these equ ipments will be installed on each fleet 
submarine. They wi ll be located at opposite ends of 
the hull and may be put in to service when all other 
power on the boat has fai led. 

At the present state of development, the underwater 
telephone has practically no securi ty insofar as intercep
tion is concerned. The addition of a speech-privacy 
system, if and when such an equ ipment is red uced to a 
practical size, cou ld be readi ly accomplished. T he present 
telephone transmits in all di rections, wh ich also invites 
interception. Current development is directed towa rd 
improvement of these conditions. Experi menta l trans
missions have been maintained between aircraft and 
submarines using a surface vessel as a relay point. D e
velopment of an expendable buoy to serve as a sonar~ 
rad io link between the two craft 1s now underway at 
the U.S. Navy Underwater Sound Laboratory. 
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T hese o n- the-spot photographs represent 
the "old" and the "new" method of elec
tronic repair parts stowage. T he May, 1949, 
issue of BuSHIPS ELECTRON shows the actual 
space and weig ht savings that have been real
ized by the new system of stocking parts in 
bins by standard Navy stock numbers in ac
cordance with the Bureau of Ships new al

lowances. 
The "box score" below shows the number 

of ships converted to the electron tube allow
ances and repair parts allowances to date. 

PROGRES.S REPORT 
ELECTRONICS REPAIR PARTS PROGRAM 

Percent 
Allowance Type Vessel Completed 

Electron Submarine 1 00 "/o 
Tube 

80"/o Allowance Surface 

Repair I 0/'o Submarine 
Parts 

Surface 0/'o Allowance 
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YES .... 
this · issue 

is idential ! 
• 
• 
• 
• 
• 
• 
• 

SAY , 
AREN'T WE 

SUPPOSED TO 
PASS TH\S 

AROUND 
F\R51"? 


