
:::ONFIDENTIAL 

JANUARY 1949 

CONFIDENTIAL 



__J 

<( 
f--­z w 
0 
LL 
z 
0 
0 

u:: 
z 
0 
0 

A MONTHLY MAGAZINE FOR 
ELECTRONICS TECHNICIANS 

JANUARY VOLUME 4 NUMBER 7 

U. S. Navy Electronics Laboratory . ... ........... · · · · · · · 
Superintending Scientist ........ .. . ...... . . . · · · · · · · · · 
The Submarine as a Sonar Platform .... . ..... ······· · ·· 
Radio Wave Propagation Studies ... ........ . .. . · · · · · · · 
Type T esting Electronic Equipment .. . .... . . . .. . .. · · .·· 
Ionosphere Pulse Propagation ................. . · · · · · · · 
GCA Box Score . .... . .. ................. · · · · · · · · · · · 
Tabulation of Definite Integrals Occurring in Ant.enna 

Theory ....... . ............ .. . · · · · · · · · · · · · · · · · · · · 
lnterpt-eting some QHB Scope Indications . ... .......... · 

I 
5 
6 

10 
15 
18 
21 

22 
24 

The cover and first twemy-one pages of this iswe of ELECTRON were prepared from 
material submitted by the following members of the staff of the T echnical Infor~ntt­
tion Divisiou, U. S. Navy Electronics LAboratory. Editors : f ohn G. Fawcett, 0/rver 
Makolmsm, A . E. Tyler, William E. 117 elch, D onald R. Neil. Artists: Evel;'ll 
Gookins, Emest Ziegfield, fames Bo;nton, Maurine A!anar, Etbel Ihan, Phil Sykes, W'illiam f. Bennett. 

The Bureau is indebted to the U. S. Navy Electronics LAboratory for the effort 
spent in making this material available. 

DISTRIBUTION: BuSHIPS ELECTRON is sent to all activities concerned with the in· 
stallation, operation, maintenance, and supply of electronic equipment. T he quantity 
provided any activity is intended to permit convenient distribution- it is not in· 
tended to supply each reader with a personal copy. To this end, it is urged that 
new issues be passed along quickly. Copies may then be filed in a convenient loca­
tion where interested personnel can read them more carefu lly. If the quantity sup­
plied is not correct (either too few or too many ) please advise the Bureau prompt ly. 

CONTRIBUTIONS: Contributions to this magazine are always welcome. All ma­
terial should be addressed to 

Bureau of Ships (Code 993-b) 
The Editor BuShips Electron 
Navy D epartment 
Washington 25, D. C. 

and forwarded via the commanding officer. Whenever possible articles should be 
accompanied by appropriate sketches, diagrams, or photographs. 

CONFIDENTIAL: Certain issues of BuSH!PS ELECTRON are classified confidential in 
order that information on aiJ types of equipment may be included. The material 
published in any one issue may or rna~ not_ be classified, however. Each page of the 
magazine is marked to show the classi~cat10n of the material printed on that page. 
The issue is assigned the highest classification of the material included. Classified 
material should be shown only to concern_ed personnel as provided in U. S. Navy 
Regulations. Don't forget , this includes en!Jsted personnel! 

BuSHtPs ELECTRON cunt.tin~ iufurmauou afft:cting the national dtfensc:: of the:: Uni teJ 
States within the meaning of the· E~pinnage Act (U.E.C. SO; 31-42) as amended. 

NAVy DEPARTMENT 

SONAR 

.. 

THE HUMAN 
FACTOR 

THE 

RADIO 

U.S. NAVY 

ELECTRONICS 

LABORATORY 

T h<: ful lest possible use must be mad_e of the best 
electronic devices, equipments, and technlgues that can 
b 'd d b)' modern science to make the U. S. fleet e provt e . . 

. t tl e fleet of any possible enemy nation. It ts 
supeno_r 

0 1 

. . f tl u s Nav}' Electronics the pnmary mtss1on o 1e · · . . 
Laboratory to provide the Fleet with sue~ devtces, e~UIP· 

d t I ·ques This mission IS accompltshed ments an ec 10 1 · . 

d I Ogram guidance of the Ch1ef of the un er genera pr . . 
f Sl · nd under a broad policy that requtres Bureau o 11ps, a 

R ( ·nformation between the Bureau and a two-way ow o I ' 
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the Laboratory on the one ha.nd and the Laboratory and 

the Fleet on the other. Thus the Laboratory personnel 

are in an excellent position to understand the immediate 

problems co~fronting the Fleet whi le at the same time 

remaining aware of general program requi rements as 

formulated by the Bureau and the Chief of Naval 

Operations. 

Close contact with the Fleet is favored by the Labora­

tory's San Diego location. Much of the Pacific Fleet is 

based at San Diego, so that work in direct support of the 

Fleet is greatly facilitated. Location also favors work 

at sea in tire Laboratory submarine and surface ships, 

which have been specially equipped for research and 

development investigations. An equable climate and 

the proximity of a .wide range of oceanographic cond i­

tions contribute to efficient laboratory operations at sea. 

Investigations at sea are not, however, lim ited to the 

waters off southern California. Laborato ry personnel 

have carried out tests and special investigations through­

out the Pacific area-from the Antarctic to the Arctic; 

from the Marianas to Mexico. 

Very broadly, the research and development ' program 

of the Laboratory embraces four principal fields: sonar, 

radio, radar, and the human factor in applied electronics. 

Both applied research and development work are carried 

out. The research a~d development program is adminis­

tered by the D irector, Captain Rawso~ Bennett II, and 

is under the immediate technical direction of the Super­

intending Scientist, Mr. Joseph P. Maxfield. The Re­

search, Development, and Systems Engineering D ivisions 

carry the bulk of the research and development work. 

The U.S.S. WITEK and a hull­
mounted HYDROPHONE used 
for special sonar studies. 

In the performance of their work they a re aided by a 

Consulti ng Staff headed by D r. Alfred E. Focke and by 

supporting d ivisions that provide administrative, supply, 

technical, and information services. 

Sonar Investigations 

In the modern Navy, sonar is the most important single 

detection technique in pro- and anti-submarine warfa re. 

There are two primary sonar detect ion methods. One 

consists of echo-ranging through the emission of sound 

waves that travel th rough the water, bounce off the ta r­

<>et and return after re flection to the detecting sur face 

- ~1i~) or submarine. T he other consists of d.etecting the 

target ship through listening to sound em1tted by the 

target. 
Sonar investigations at NEL follow a broad program of 

research and development that provides fo r the study of 

both echo-ranging and listen ing methods and of a wide 

variety of equipments and systems. Current work w ith 

echo-rang ing systems is divided between FM and p ing ­

ing equipments. FM sonars emit sound energy continu­

ously but at constantly varying frequency. During the 

time requ ired for the sound to travel to the target and 

back, t he frequ ency of the emitted signal has changed 

and become d ifferent from the frequency of the received 

echo. This f requency o r pitch difference is used to de­

termine the range to the target. Present investigations 

in FM sonar look toward the extension and modification 

of FM systems as an attack sonar. Some of the results 

may aid in the development of sonars that will be of 

max imum use for under-ice navigation. 

In ping ing sona r systems a rapid succession of p ulses 

is emitted and in the br ief intervals o f silence in be­

tween, the returning echo wh ich is the clue to the speed, 

d irection, and location of the target is picked up by .re­

ceiving hydrophones. Research stud ies presently bemg 

conducted at NEL look toward eventual developmen t o f 

a very short pu lse, h igh power ping ing sonar. T hese 

studies, which are being conducted along broad and com­

prehensive lines, have not yet yielded sufficient informa­

tion to permit a defin ite forecast of results . It is pos­

sib le, however, that shorter pulses and h igher power m ay 

he the key to attai nment of greater sona r ranges than are 
p rescnt'ly being ach ieved. 

The effect iveness of all kinds of sonar systems IS 

g reat ly influenced by the noise emitted by the sh ip o r 

submarine on which the sonar gear is mounted . Effec­

tiveness is also influenced, particu larly in the case .o f 

listening systems, by the amount and k ind of noise 

generated by the target sh ip or submarine. Therefo~e 

noise level studies are of great practica l importance 111 

al l research and development work in the sonar field. 

Representative o f the studies in this fie ld at NEL 

are the W ITEK noise studies that are current ly being 

undertaken. The W ITEK is a 21 00-ton 692 class long­

hull destroyer which has been specially equipped as a 

sonar research ship. Q,·er 100 hydrophones of several 

different k inds a re mounted on her hull and she carries 

a wide variety of sonar systems. The sounds picked up 

by selected hydrophones of the various sonar systems 

. are recorded automatically and synchronously in the 

master sonar cont rol room- a recording method that per­

mits detailed study of self noise. In the present tests 

the sh ip is run at a w ide range of speeds under different 

cond itions of state of the sea and with different auxilia­

ries operating. Through careful comparison of a large 

number of such tests it is possible to determine the vari­

ous sou rces of self noise and to describe the noise charac­

teristics of the screw of various auxiliaries, and of other 
' 

noise sources. 

Actually, the noise level studies are but one portion 

of the comprehensive sonar investigations made aboard 

the WITEK. Studies have also been made of operator 

performance, and specia l listening tests of various kinds 

have been accomplished .. 

Radio and Radar Investigations 

Radio and radar investigations at NEL are directed 

toward ach ievement o f th ree broad fundamental goals: 

( 1) developing special radars necessary to meet particu­

lar detection and tracking requirements; {2) obtaining 

reliable automatic communication, especially over long 

distances; and (3 ) developing efficient integrated radi ­

ating systems. 

During the course of the war, vast improvements were 

made in radar equipments. Further improvements, many 

of them involving radical design changes, are still being 

made, both at NEL and elsewhere. 

One of the most severe requirements that has recently 

been placed on radar equipments arises from the need 

for a detection and tracking system that can be used 

against guided m issi les. NEL is assisting the forces 

afloat in solving one aspect of this problem: the modi­

fi cat ion of the radar used to track submarine-launched 

guided missiles which are currently being tested at 

Pt. Mugu, Cali fornia. The immediate operational prob­

lem in the Pt. Mugu tests is to track the missiles with 

a h igh degree of precision so as to observe whether the 

"bird" is on the predetermi ned course and whether it is 

responding to remote control signa-ls. To provide the 

required precision, NEL is developing a B-scan repeater 

to be used in conjunction with the SV-1 radar aboard the 

launching submarine. T h is repeater, which can also be 

used with other radar equipments, will have bearing 

stabilization and range circuits that \viii permit the mis­

sile to be tracked to within J 00 yards at a d istance of 

20 miles, and within 400 yards at a distance of 80 miles. 

Perhaps the ch ief limiting factor in the achievement 

of reliable automatic communication over long distances 

is the signal distortion that takes place along the trans­

mission path. As described elsewhere in this issue, 

fu.ndamental studies are currently being made of long­

distance transmission through the ionosphere with the 

object of increasing the efficiency of such communication. 

At the same time, analagous studies are being made for 

short-distance radar transmission. T hese radar studies, 

described elsewhere in th is issue, are particularly con­

cerned with the influence of duct conditions on high­

frequency rad io transmission. 

Reliable automatic communication requires not only 

efficient transmission but also effective transmitter ci r-
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cu its and radiating systems on the one hand and _effecti\·e 
automatic receivers, converters, and teletypes. These as­
pects of the general communication problem are also 
being investigated at NEL. 

One of the approaches being stud ied as a possible 
means of increasing communication speed is a method 
of hig h-speed keying at very low frequencies whereby 
the transmitter frequency is shi f ted very rapidly back 
and forth while at the same time the transmitting cir­
cui t is altered so that reasonably effective radiating per­
formance is maintained on a continuous basis. If this 
method of frequency sh ift keying p roves effective it will 
be possible to spee<;i up communications by using one 
f requency to represent dots and the other f requency to 
represent dashes. In effect, continuous t ransmission wi ll 
have been substituted for inter rupted transmission. 

In the present-day Navy the development of integ rated 
radiating systems is of paramount importance. Sh ip. 
board antennas must p rovide for the sending and receiv­
ing of radio signals required for communication, naviga­
tion, detection, and identification . The design of an­
tennas to carry this heavy load of traffic must be ap­
proached from an over-all in tegrated point of view if 
maximum all-around efficiency is to be achieved. 

As reported at length in earl ier issues of ELECTRON, 1 

studies of integrated radiating systems at N EL are made 
in large part on a model basis. By the careful scal ing 
of model ships of different types and classes and by a 
corresponding scaling of radio frequencies, it is possible 
to determine relatively rapidly the effects of antennas 
upon one another, the effect of placement and ar range­
ment, the influence of ship superstructure upon th e effi­
ciency of antennas, and other in terrelated effects. The 
model technique is checked against and supplement_ed 
by full-scale studies made aboard ship. Model techniques 
are also employed in the study of shore-based radiating 

systems. 

The Human Factor in Applied Ele ctronics 

In the development of a ll electron ic equipment there 
a re two primary dangers. One is the possibility of de­

veloping an equipment that requires so mud1 of the 
operator that he is unable to utilize fu lly the potent iali ­
ties of the equipment and may even commit serious 
errors in operation. The second danger lies in the op­
posite d irection- an equipment may not take full advan­
tage of the capabili ties of the operator an_d may therefore 
be unnecessarily crude and inaccu rate _m _ performance. 
For these two primary reasons any realtst tc prog ram in 
e lectronics must consider the human factor. A properly 

designed equipment should make t~axi mur~ use of 

operator capabil ity w hile at the same ttme maktng allow­

ance for such factors as fatigue, and the adverse effect 

of combat conditions and of noise and other distractions 

1 tL;;TI\ON. D ecember 1947, Janua ry 1948, and February 
v 1948. 

encoun tered under adual operattng cond ition s aboard 

ship. 
A p rogram of psycholog ical stud ies undertaken as a 

means of improving the actual performance of electronic 

equipments is being pursued at NEL. This prog ram is 
designed to determine what performance can be expected 
under a wide variety of circumstances of both the trained 
and untrained operator, Studies are being made in 
aural and visual perception, manual dexterity, and mental 
coordinating abili ty. An example of the kind of work 
being performed is the current study of multiple-tone dis­
crimination . Many sonar equipments depend for efficient 
use upon the ability of the operator to identify tones 
which are not quite masked by background noise. It was 
des ired to determine whether improved operator per­
formance mig ht be obtained if the operator were re­
qLLired to identify not a single tone but two or more 
tones in combination. Experiments were designed to 
test and compare operator performance in tone discrimi­
nation. T he results indicated that no appreciable im­
provement is obtained if it is required that multiple 
rather than sing le tones be identi fied by the operator. 

Electronic Training Equipment 

T he training of Navy personnel in the operation of · 
new electronic devices cannot wait unti l the equipment 
is installed aboard the ships of the Fleet. Trained 
operators must be available to man the gear as soon as 
the ships are so equipped. Elect ronic trainers permit 
effective, realistic training in advance of the installation 
of any gear aboard ship . 

Representative of the trainers be ing developed at N EL 
is the QDAj OKA traine r. QDA is the Navy's des igna­
tion f?r ta rget-depth-determining sonar equipmen t. 
OKA IS the resolving equipment which computes the 
horizon ta l range of the target, and provides the necessary 
mputs to the QDA for recording the dep th of the ta_r­
get. T he QDAj OKA trainer is designed to develop 111 

sonar operators the complex motor visual, and aud ttory 

skills· requ_ired in .operat ion of the ~hipboard gear. 
The lramer consists of fi ve operator's stations . and a 

master problem-control station. Al l student equrpmen t 
possesses the operating characteristics of actual equip­
ment at sea and presents rea list ic sound s and recorder 
traces. 

The tactical situations p rov ided by the problem-gepera­
tor unit of the trainer are produced by cam-driven con~­
ponents. The sound effects and the required electron1c 
inputs from azimuth sonar equipment are simulated. 

T he instructor is able to select one of three basic prob­

lems, to vary the submarin e's speed and depth of bottom, 

to in troduce the simu lated sound effects of va rious eva­

sive devices, and to obsc: rve the studc:nts' operations by 

means of monitori ng indicato rs. 

* * * * * * * * * 

SUPERINTENDING 
SCIENTIST 

Joseph P. Maxfield, for 35 years a pioneer in the development of 

devices and techniques used in radio broadcasting, disc record­
ing, and sound motion pictures, is the Superintending Scientist 

of the U . S. Navy Electronics Laboratory. In this position, he 
oversees the Laboratory's extensive prog ram of research and de­
velopment in the fie lds of radio, radar, and sonar. 

Mr. Maxfield was graduated as a Bachelor of Science by the 
Massachusetts Institute of T echnology in 1910. For four years 
thereafter, he taught electro-chemistry and physics at this educa­

tional center, then joined the staff of the engineering department 

of the Western Electric Company. 
Mr. Maxfield's association with this organization, which in 

1925 became the Bell Telephone Laboratories, was productive of 
several " fi rsts" in electrical sound recording and reproduction . His 

Ma.xfield transmitter, the double-button carbon microphone, was 

the standby of early broadcasters. H e was the first to put into 

practice the idea of placing a microphone in the shadow of loud­

speakers in public address installations. T h is technique, which 

makes it possible to reinforce the sound of a speaker's voice 

wi thout in terfering with h is audio-visual relationship with h is 

audience, was used first at the inauguration ceremonies for Presi­

dent Harding in 192 1. 
Mr. Maxfield first p roposed the now generally accepted " live" 

method of sound pickup used in the broadcasting, recording, and 

motion picture industries~ By record ing the sounds of an orchestra 

together with" some o( the reverberation existing in the recording 

studio at the time of the performance, Maxfield demonstrated 

that it was possible to create for the ul timate listener an illusion 

of being present at the actual performance. 
During World War I, Mr. Maxfield was active m investiga­

tions of the principles of acoustic ranging of aircraf t and artillery. 

He continued acoustic rang ing work in the second World War as 

Director of the Division of Physical W ar Research at Du ke U ni ­

versity under contract with the Office of Scientific Research and 

Development. 
Mr. Maxfield is a Fellow of the American I nst itute of Electrical 

Eng ineers, the Ameri can Physical Society, the A coustic Society 

of America, and the Society of Motion Picture Eng ineers. H e is a 

Sen ior Member of the Institu te of Radio Eng ineers and a mem­

ber of Sigma X i. H e has published many papers on the ·record ­

ing and reproduction of speech and music and on aud itor ium 

acoustics. H e accepted appointment with the U. S. Navy Elec­

tronics Laboratory in September, 1948. 
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THE SUBMARINE 

AS A 

SONAR PLATFORM 
There are th ree things which, during the past year, 

have heightened inte rest in the submarine as a sonar 

platform: (l) the increasing strateg ic and tactical im­

portance of the arctic seas in which nav igation is pos­
sible only by submarine, (2) the g rowing emphas is on 
submarine operations in p lans for tomorrow's N avy, and 
(3 ) recent disclosure of some unusual tests which 

sharpen the concept of the submarine as an an ti-sub­
marine weapon. 

Research and development act1v1ttes have long -had a 

high regard for the submarine as a sonar p latform be­

tause of its relative quietness, greater stability, and 

abili ty to choose its own thermal conditions by position­

ing itself in predetermined relationship to the rmal laye rs. 

These advantages combined with the new fi elds of in­

vestigation mentioned above have g iven great impetus 

to employment of submarines in research , investigation, 

and development programs. 

There are two classes of boats engaged in research 

work. The fi rst class is the specially equipped laborato ry­

type submarine whose sole mission is investigat ive activi­

ties. The USS BAYA (ESs- 318) is the on ly vessel now 

operating in this capacity for the Navy. In the second 

class are fleet-type boats (either World War II or 

"guppy" desig n) which a re detached from regular duty 

from time to time to cond uct investigative missions and 

may be temporarily equipped with installations required 

for the investigation at hand . Boats of various sq uad­

rons, notably SubRonSix and SubRonSeven , have re­

cently seen this kind of service and in most instances 

have developed sign ificant information. 
A b rief review of the work being done with specially 

u. s. s. BAYA 

equipped submarines will make possible a better under­
standing of the importance of the research projects they 
undertake and will show why the only boat now assigned 
to full-time experimental work, the BAY A, is already 
committed to established prog rams until the middle of 
1950. 

The Arctic Seas 

The arctic sea ir_w estigation is a broad-gauge prog ram 
involving oceanography, submarine operation, naviga­
t ion, and tactics. The thermal layer effects encountered 
there are peculiar to the area and must be studied and 
charted to make operation in these seas practicable. 
This is of great importance because of the fact that the 
submarine is the only vessel capable of navigating these 
seas with any deg ree of freedom, and because even the 
submarine can navigate under ice only by means of sonar 
navigational aids. Anything which affects the propaga­
tion of sound, and certainly the oceanography and ther­
mal st ructure of the waters in this area do affect sound 
propagation, must be carefully investigated to make pos­
sible the fullest use of the submarine in this new en­
vironment. Aside f rom tactical considerations, the physi­
cal characterist ics of this area require that the submari ne 
be used as an anti-submarine weapon, that all navigation, 
detection, and attack operations depend on sonar, and 
that the submarine (of necessity) be the platform for 
these sonar operations. 

The BAY A is curren tly engaged in investigation of 
propagation cond itions and in measurement of target 
strengths (as affected by propagation cond itions) in 
these and other waters. In some of these measurements, 
the BAY A is itself serving as the target. T o maintain 
control of the condi tions unde r which these measure­
ments are mad e the submar ine is suspended from buoys 
at various p redetermi ned depths. The boat has been 
equipped with hull -mounted hydrophones to measure 
the strength of the sound fi eld at various points on the 
target (submar ine) su rface for comparison to the 
st rengths of echoes as received by the echo-ranging ship. 
In add ition to the target streng th and propagation cond i­
tion measurements, future invest igations w ill include 
studies of thermal layers and thermal microstructure in 
the area as well as evaluation of various sonar equip­

ments for navig ation (under ice) , detection, and attack. 

The Submarine in Tomorrow's Navy 

Current thinking a long st rateg ic and tact ical li nes IS 

placing increasing emphasis on the submarine as an 
agency of tomorrow's warfare. I t is hoped that the 
snorkel, atomic power, and advanced design (of which 
the "g uppy' ' is the index of progress to date) will result 
in a high-speed true submarine. The true submarine 
would be capable of operating indefinitely below the 
surface of the sea, thus increasing the submariner's re­
liance on sonar for navigation, detection, attack, and 
communication. 

The submariners and the various act ivities charged 
with advancing the submarine r's art know what instru­
mentation is needed to meet these requirements, but if 
the development of the needed equipments is to proceed 
with reasonable dispatch, it is essential that submarine 
facili ties be avai lable for technical and tactical evaluation 
of the equipments as they are developed step by step . 
In this again, the BAY A attached to the U. S. Navy 
Electronics Laboratory since early 1948, has been of 
inest imable value. 

In the few brief months during which th is laborato ry­

type submarine has been avai lable, investigations and 

evaluations have been conducted in prog rams on pulsed 
sonar ; sonar navigation devices; sel f- noise and target­

strength studies; on investigations of the physical char­

acteri stics of the sea as they affect sound p ropagation; 

and on FM attack sonars, to provide scan in elevation 
and azimuth, range rate and fi re control information, and 

target tracking in range, in az imuth, and in e levation. 
Because of the br ief time the BAY A has been in 

service as a laboratory-type submarine, the i nvesti~ations 

in the p rogram cited above have been only of a very 
preliminary nature and much work of sign ificance re ­

mains to he done in developing the needed equ ipment·s. 

Anti-Submarine Submarine 
T ests conducted by SubRonSix during the past year 

revealed the submari ne as a sonar p latform '·whose 
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supenonty over all others is far greater than had been 
supposed" in Aj S operations of detection and attack. 

Listening detection of snorkeling submarines at 3 7,000 

yards and dependable ping returns from submarine 
ta rgets at ranges above 5000 yards were reported. A 
submarine picket line was employed with five submerged 
" hovering" boats stationed 20 to 40. thousand yards 
apart to cover a line 100 miles in length. 

In these same exercises, "successful submarine Aj S 
attacks were made using Mark 14 torpedoes" in which 
the kill~r submarine detects the ta rget at long range and 

closes by alternately running-in and pausing to listen 
until a favorable solution and firing position has been 
reached. 

The work undertaken by SubRonSix and similar in­
vestigations subsequently undertaken by SubRonSeven 
have immense tactical and operational significance. It 
should be noted, however, that most of th is type of work 
reported to date has been conducted by fleet-type sub­
marines and lacks much in scientific detail which would 

make the resul ts applicable in a broader sense-detailed . 
information which could be procured only were similar 

tests made using specialfy equipped laboratory-type boats. 
SubRonSix exercises, for example, were conducted 

off Panama and Guantanamo. Lacking the special equip· 
ment for procuring detailed and exact information on 
sonar condit ions existing at the time of the tests, it has 
been impossible to supply enough scientific data to 
permit proper evaluation of the tests in terms of other 
locations and sonar conditions. H ence, while the tests 

have served extremely well in pointing the way for 
further investigation and in spotl ig ht ing new possibilities 
of the submarine as a sonar platform , these same in· 
vestigations could have been more frui tful and of wider 
immediate applicat ion had the investigating group in· 
eluded one or more properly instrumented laboratory­
type boats. 

The Laboratory-Type Submarine 

To appreciate the manner in which the laboratory-type 
submarine d iffers from t he fleet-type boat it is well to 

consider briefly the changes made in the BAY A when it 

was assigned to its present investigative m ission. 
The major modifications comprised the removal of 

all torpedo stowage and hand li ng facilit ies as well as 
bunks and other personnel facilities from both the for­

ward an? af ter torpedo rooms to make space for two 
laboratory areas in :vhich experimental equipment could 

be installed. The hatches g iving access to these two 

areas were modified and equ ipped to faci li tate the placing 

and removal of experimental gear. Additional power 

supplies, cabling, power outlets, and communication 
channels were provided to serve various parts of the 
boat. Provision was made for a flexible system of fixed 

transducers to be used in submarine self-noise studies, in 
calibration of sonar equipment, and in comparison of 

various transducer .locations and separations of pro­
jector and hydrophone in a single sonar equipment. 

Thermocouple arrays were installed below the water line 

on the prow and amidships making possible investiga­

tion of the thermal microstructure of the sea. Fittings 

were provided in the forward torpedo room for pro­
curing water samples, and pit log chests were added to 
facilitate projection of thermocouples or other instru· 
mentation into free water outside the hull. An addi tional 

sea chest makes it possible to change one of the bottom­
side soundheads whi le waterborne. A salini ty-compen­
sated bathythermograph was added as well as facil ities 

for the handling of remote instrumentation: BT's, sonar 

transducers, and radio antennas to be lowered from or 

' 

floated above the submarine at any desi red operating 
level. Finally, all topside ordnance and other obst ruc­
tions which might add to self noise or serve as ultra­
short-range acoustic reflectors were removed and a 
three-inch ejection tube tending aft rather than athwart­
ship was added. 

In addition to the space and expanded research fa­
ci lities p rovided by these changes, the laboratory-type 
submarine proves more economical in time, effort, and 
cost on research missions than does the fleet-type boat. 
This economy derives from two very simple and practi­
cal considerations: 

( 1) The fleet-type boat has no provision for compara­
t ive simultaneous tests of two or more equipments or 
components in the sense that these facilities are provided 
by a laboratory-type vessel. H ence, if comparative tests 
are even to be approximated, two submarines must be 
used rather than one, or a single submarine must repeat 
the operation using d ifferent gear. Such approximations 
at best are •hardly comparative in the strict and scientific 
meaning of the term. 

(2) The time and effort required for making tem­
porary experimental installations for short trials' aboard 
a fleet-type boat is excessive as compared to that re­
quired for similar installations aboard a submarine 
specially adapted for the purpose. 

Based on the experience of the BAY A, there are a 
number of operational problems encountered in using 
a submarine as a laboratory ship which have not yet 
been solved. 

T he first of these operational problems is the matter 
of sh ip-to-ship and ship-to-shore communication. The 
most carefully planned schedule of operation is fre­
quent ly subj ect to moment-to-moment change as the re­
search problem unfolds. For example, the results of the 
first run on a target may give a clue to an unexpected 
anomaly which could be more fully examined by a 
change in one or more succeeding runs. As long as the 
submarine is operat ing on the surface, the communica­
tion of intelligence relative to changes in operating plans 
is no problem, but si nce most of the investigations are 
conducted with the submarine submerged the problem 
remains acute. The addition of underwater voice tele­
phone equipment would improve the efficiency of the 
submarine as a laboratory vessel. 

The second problem is one of submerged navigation. 
The nature of some of the investigations being con­
ducted is such that a few yards difference in the distance 
from submarine to sonar target or control point is 
cri tical. This concept requires maintenance of an under­
water position or following of an underwater course 
with an accuracy heretofore never considered, and cur­
rent ly achie,·ed in practice only by fortuttous circum-
tance. 

A third operational prob lem is that of accurate con­
t rol of the submarine's vertical position in the ocean . 

The investigation of the sea's thermal microstructure, 
for example, requires keeping the boat at a given level 
in the ocean within a fraction of a foot. Present instru­
mentation does not register pressure differentials until 
a d1ange of two or three feet in depth has already 
occurred and the submarine's 1200 tons are already in 
motion. A quick blowing or flooding of ballast, unless 
handled wi th consummate skill, .results in the boat 
overshooting the desi red depth. A more sensitive rapid­
response element for measurement of pressure d ifferen­
tials appears to offer a solution to this problem, though 
at levels near the surface pressure d ifferentials arising 
from wave action would complicate the situation. As the 
depth increased such an element would function more 

satisfactorily. 
H andling of overside equipment, such as towed or 

b d t ts and handling of the submarine itself uoye arge , · . 
d d f m buO}'S are not yet suffictently mecha-suspen e ro . 

· d C 'd able time and phystcal wear and tear on ntze . onst er 

personnel could be saved by proper mechanical facilities 

for these handling problems. 

Conclusions 

I t seems well agreed that the current world-wide 

trend of submarine development demands intensified 

research in the fi eld of subsurface warfare. Not only are 
present means of detecting and tracking a high-speed, 
deep-submergence submarine inadequate, but also the 
effective potential of such a submarine is limited by the 

capability of present sonar equipment. 
Review of the investigations conducted in this field 

to date seems to indicate that the laboratory-type sub­

marine with its special facilities and instrumentation is 

the most economical and quickest means of developing 

improved sonar techniques and equipments, and of 

achieving improved submarine operations based on 

g reater knowledge of the seas in which the submarine 

must function. 
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RADIO WAVE PROPAGATION 
Since 1945, experimental im·estigations by the U. S. 

Navy Electronics Laboratory have been in progress on 
the relat ively flat ove rland terrain in the Arizona desert 
as an important part of the problem to study the modifi­
cation of the lower atmosphere and the effect of such 
modification on the propagation of high frequency radio 
waves. These studies may help to make it possible to 
choose an optimum frequency for a given meteorological 
situation. The propagation characteristics obtained will 
be useful in the study of radio wave propagation at sea 
and , possibly, in the forecasting of weather conditions. 

Theory and Purpose 
A so-called standard atmosphere is one in which the 

air nearest the ground is warmest, most humid , and 
most dense and in which the temperature, humid ity, and 

pressure decrease regu larly with altitude. When a radio 
wave moves th rough such an atmosphere, it is bent 
slight ly downward so that energy is transmitted directly 
to a point somewhat beyond the geometric horizon. 
Under standard tomlitions, this point, known as the 
optical horizon, is the practica l lim it of radar and V-H -F 

coverage. 
There are many parts of the earth , however, over 

which non-standard atmospheric conditions ex ist. Though 
both temperature and humidity may decrease with a lti­
tude, the rate of that decrease can frequently be irregular; 
temperature may even increase with altitude. These non­
standard atmospheric conditions affect radar and V-H-F 
communication in ways which have never been adequately 
explained. Sometimes they result in great extensions of 

radar ranges: rada rs with normal ranges of 50 miles 
have obtained echoes from land 2000 miles away. At 
other times, however, radars may fa il entirely to pick 
up targets clearly visible to the eye. It is with the v iew 
of explaining some of the effects of non-standard 
atmospheric cond itions that NEL has been carrying on 
these investigations in the Arizona desert. 

In the desert, the ground and the layers of air near 
the ground cool rap idly after sunset. Air from the 
similarly ~ooled surroundi ng slopes flows into the desert 
area and mcreases the vertical thickness of the layer of 
cold air immediately above the g round. Consequently, 
a surface-based temperature inversion occurs: " inversion" 
because the temperatu re does not decrease with altitude, 
but increases until it reaches a point of maximum tem­
perat~.re at some point well above the ground ; "surface­
based because the temperatu re increase begins at the 
ear~h's s_urface. Because essentially the same meteoro­
logica l s1tuat1on takes place each night, the dese rt is an 
almost pe rfect nat·ural laborato ry for an exhaustive study 
of electromagnetic wave propagation under one ki nd of 
predictable, non-standa rd atmospheric condition. 

Over ocean areas, one of the most common of the 
non-standard atmospheric conditions encountered is a 
l ~w-lying moisture lapse caused by the rapid evapora­
tiOn of wate~. Thus, a wind sweeping over the sea su r­
fac: may p1ck up comparatively large c1uan tities of 
mo1sture; at 50 or I 00 feet, however, the moisture 
content of the air may drop suddenly. This sudden 
decrease is the moistu re lapse. As a resu lt of the 
moisture lapse, a medium for the propagation of 
radio waves is produced which is s imilar to that 
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STUDIES 
produced by temperature inversion over the desert. Both 
conditions produce a layer, or duct, of air characterized 
by marked contrast with the air layer d irectly above it. 
It makes comparatively littl~ difference whether the 
layer is of moist air overlain by dry air, or of cold air 
overlain by warm air, si nce the manner in which the 
energy is propagated is primarily dependent upon the 
manner in which the velocity of electromagnetic waves 
changes with increasing altitude. This change is usually 
Cllled the refractive index d istribution. 

Because the refractive index distribu tion over the:> 
d t · I eser 1s a most exact ly the same as that frequently en-
countered over the ocean, this work in the desert can 
l~ad to a better understanding of radio wave propaga­
tion at sea. Desert experiments for this purpose have 
many advantages over experiments made at sea. The 
same meteorologica l cond ition occurs nightly, making 
possible the careful taking and checking of data and 
the repetition of experiments. Test eq uipment, such" as 
towers, balloons, and t rucks, is land-based, so that per­
manent and de licate recording apparatus can be installed 
at any convenient interval along the transmission path. 

In this investigat ion by the N avy Electronics Labora­
t~ry of electromagnetic wave propagation under condi­
tiOns of a very low-level temperature in \'ersion, two 
problems were basic. first of all, the Laboratory set out 
to determine the possible differences between the effect 
o f the earth surface and the sea surface on radio waves. 
Second, early experiments were carried out to measure 
the reflection coefficient of the ground for both vertically 
and horizonta lly polarized radiation. Rough determina­
tions on these two problems showed that there was a 

FIGURE l. A / ou·er station sbo u•iug hoist 
aud elet•a/or . 
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great s imilarity in effect on radio waves between the 
earth and sea surface, and a reflection coefficient which 
approached unity for frequencies below 3,000 Me. 

With these basic premises established, the Laboratory 

set to work on the primary objective of correlating the 
non-standard field st rength distributions with the non­
standard refracfive index distributions. Such a correla­
tion should make it possible to establish the laws govern­
ing the propagation of high-frequency electromagnetic 
waves beyond the optical horizon. The formulation of 

such laws depended upon the solution of certain practi­
cal problems : ( 1) the experimental determination of an 
optimum frequency for a g iven refractive index distribu­

tion and (2) the experimental determination of optimum 
an tenna heights for a g iven frequency and refractive 
index distribution. 

Experimental Equipment and Procedure 

Three 200-foot towers, each supporting an outside 
elevator to carry radio equipment, and a small hoist to 
carry meteorological equipment (see figure 1) , were set 

up on a straight line across the deser t. The transmitting 

rad io equipmeht was placed on the tower located near 

G ila Bend, Arizona. A short-path rece iving station was 

located near Sentinel, A rizona, 26.7 miles from the 
transmitting station. A long-path receiving station was 
located near Datelan, Arizona, 46.3 miles from the trans­
mittmg station. (See figure 2 for the location of the 
towers.) The top of the short-path receiving station was 
so located. that the top of the tower, but not the bottom, 
could be seen from the transmitting tower. The long­
path receiving station was well below th e optical horizon 
of the t ransmitting station. 

The procedure involved the tak ing of field strength 

FIGURE 2. Cha1·t of the desert _ar~a. 
lnset·t shou;s the / UJO tramnussron 
paths used. 

measurements at various transmi tter and receiver h eights 
while, at the same time, meteorological m easurements 

were made. The readings from the towers were supple-· 

mented by meteorological and field strength measure­
ments taken from an airplane wh ich flew to heights of 
more than 8000 feet every morning and evening, by field 
strength measurements made from a truck and used to 
check the readings at the tower stations, and by captive 
balloons equipped with wired sondes used to g ive 
meteorological readings up to 1500 feet at three inter­

mediate points along the transmission path . 

In taking the fie ld strength measurements, the trans· 
mitters, all mounted on the elevator of the Gila Bend 
tower, were operated at frequencies of 25, 63, 170, 520, 
1000, 3300, 9375, and 24,000 Me. These transmitters, 
the number of which varied from four to six, wefe 
operated simultaneously at d ifferent frequencies. The 
elevator was run to the top of the tower, or to any 
desired height, and kept there whi le the radio equipment 

on the two receiving towers moved up and down to 
measure field strength. In order to d1eck the change of . 
field strength with time, a receiver was left in one . 
height position for several hours, or a nig ht, to recor_d . 
th~ rapidity with which field strength changed . While 
the receiver was in this position, the transmitters moved 
up and down the Gi la Bend tower. With a g iven refrac­
tive index distribution, measurements made in this way 
were used to point toward optimum antenna heig hts for 
the transmission of give!) f requencies. 

The meteorological data were gathered by ra1smg 

the small hoists on the towers, stopping the instruments 
at 1, 5, 10, 20, 40, 70, 150, and 200 feet to measure . 
temperature and humidi ty aga inst time and al titude. 
The measurements made by the balloon sondes were 
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FIGURE 3. D{ttmal11aria1iom in field strength a! the Sentinel station . 

taken at the same heights used by the tower meteorolog i­
. cal equipment and then went on to 300, 400, 500, 750, 

1000, and 1500 feet. T he measurements taken from the 
a~plane were used for heights above .1500 feet. 

The temperature measurements were made with two 
kinds of instruments : th ermocouples and thermistors. 

· A thermocouple (a combination of two unlike metals 
w hich s~1ows a change in vo ltage for a corresponding 
change m temperature) was carried in each tower hoist 
and in the ai rplane. Recording on a tape, each thermo­
couple gave a continuous plot of temperature aga inst 
time. A thermistor (a resistor whose resistance changes 
with very sligh t changes in temperature) was carried by 
each balloon and connected by a cable to an ind icating 
ammeter on the g round. 

T he humidity measurements were also made wi th two 

kinds of instruments: automatic dew point recorders and 

hygrometric strips. A dew point recorder (an instrument 

wh ich maintains an accurate record of the temperature 

at which the atmosphere gives up its moisture ) was 

carried on each tower hoist. Since the automatic dew 

point recorders are expensive and delicate instruments, 
the captive balloons and the airplane carried hygrometric 
strips (small plastic plates covered with lithium 
chloride, a substance whose electrical resistance varies 

with changes in humidity) . Although the measurements 
in th is method are usually somewhat less accurate than 
those involving the automatic dew point recorder, care­
fully calibrated strips gave good results over the desert. 

Results and Conclusions 

T he nocturnal radiation in the Arizona desert produces 
a layer or d uct which has a marked effect on the propa­
gation of short rad io waves. The diurna l change of 
rad io fields along the paths of 26.7 and 46. 3 miles varies 
f rom a neglig ible value at 63 M e. to about 50 d ecibels 

at microwave frequencies. 
D ur ing the night at the h igher frequencies, the sha pe 

of the he ight-gain curves is radica lly a ffected and changes 

rapidly w ith. time as the lower atmosphere is modified 

by the cooling of the earth. The effect of the layer o r 

duct on the shape of the heigh t-gain curves for the 170. 
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520, and 1000 Me. frequencies is not pronounced. In 
tbe daytime, the lower atmosphere is nearly standard, 
and the fields remain fairly constant. 

On the 26.7 -mile path , the diurnal variation (fig ure 3) 
of signals is markedly d ifferent for the optical hig h 
terminals f rom that of signals for the non-optical low 
terminals. The fi elds for the high terminals vary less 
and, at the higher f requencies, may decrease rather than 
rise at night. The sig nals for the low terminals rise 
sharply at nig ht for all frequencies with a much greater 
diurnal change than for the high terminals. 

On the 46.3-mile path, the maximum diurnal change 
( figure 4 ) occurs at 3300 Me., with less change at 9375 
and 24,000 Me. The explanation for this unexpected 
result lies in the fact that, when conditions are nearly 
standard in the daytime, the fields for 9 375 and 24,000 
Me. do not drop to the expected values. Apparently, 
some mechanism other than refraction or diffraction, 
such as atmospheric scattering, is needed to explain these 
high daytime fields at higher frequencies on the long 

transmissi9n path. 

Altl1ough a distinct correspondence was noted between 

the formation and breaking up .of the temperature in­

version and the d iurnal variation of field strengths, a 

detailed one-to-one correlation is not apparent. 

The obj ective of increasing knowledg~ in the subject 
of radio and rad io wave p ropagation is, as in any science, 

limited by the rest rictions of theory and the imp racti­
cality of making actual measurements under all possible 

conditions. The objectives of the NEL desert experiments 

constitute an example of an attempt to modify theory 

from the results of certain critical measurements. On 

the basis of the measurements of this continuing study, 

it is possible to predict rad io field strengths for certain 
specific refractive index distributions. W ith continued 
success of these studies by the U. S. N avy Electronics 
Laboratory, the results may well provide an aid to Fleet 
communications in estimating the transmission distances 
being achieved at a defi ni te time and in p red icting the 

transmission distances to be ach ieved within an interval 

of several hours. 

FIGU RE 4. Diurnal variations in field strength at tbe Date/an station . 
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TYPE 

TESTING 

ELECTRONIC 

EQUIPMENT 

Complete facili ties for type-testing electronic equip­
ment manufactured for the United States Navy are being 
establ ished at the N avy Electronics Laboratory. Although 
not a ll the apparatus and machines to be used have been 
installed, tests have a lready been made on a number of 
d ifferent types o f equipmen t. When completed, the 
facili ties will make possible all the inspections and tests 
necessary to a complete evaluation of proto types of gear 
intended for use in radio, radar, sonar, and intercom­

munication systems. 
Fundamentally, type-testing of electronic equipment 

consists of answering three questions: ( 1) Does the gear 
meet the genera l specifications for the pa rticular class _of 
equipment? ( 2) D oes the gear meet the contract speofi ­
cations ? ( 3 ) Is there any way in which the gear could 
be mod ified to p rovide improved operation ? To answer 
these q uesti ons, the e lectrical and mechanical perform­
ance of the submitted model is stud ied, its construc­
tional featu res are assayed, and a conclusion is reached 
both on the suitabili ty of -the model to the purpose 
for which it was designed and on its suitability as a 

prod uction standa rd. 
T he type test facil ities at NEL are housed in four 

bui ldings, wh ich provide a total of 14,000 squa_re feet 
of floor space. Pe rsonnel enga~Sed in the tests ~nclude 
electronics and mechanica l engi :-~ eers , chemists , metallur­
gists, and technicians_ The electron ic test apparatus con­
sists of such famil iar equipment as meters, brid~es, 
signal generators, wave analyzers, and· other dev1c~s 
commonly used in the testing or servicing of electrontc 
gear. Incl uded among the facili ties al ready installed and 
soon to be installed for mechan ical testing are machines 
to perform vibration shock and roll tests. The vibra­
tion machi nes test g'ea r as 'heavy as 500 pounds, with 

PITTED CONTACT, heavy duty vi ~ 
brator. This. is typica l of t he kind of 
defect uncovered in type tests of 
e lectronic gear. 
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ROLL, VIBRATION, and SHOCK machine. 

I 00-POUND vertical and horizontal vibration 
machines. 

500-POUND vibration machine. 

A typical ELECTRONICS TEST AREA. 

both horizontal and vertical vibratiOns at frequencies 
from 5 to 60 cycles per second over excursion distances 
ranging from zero to 0.258 inch. Circular vibration 
tests can be conducted on gear weighing up to 35 pounds 
at 5 to 53 cycles per second over an excursion distance 
of 0.065 inch. The shock machines will test gear weigh­
ing up to 3000 pounds, delivering both horizontal and 
vertical shocks with energies up to 18,000 foot-pounds. 
In one machine which will handle equipment weighing 
as' much as 200~ pounds, simul taneous te~ting for sl; ock, 

.b t. d 11 ·s accomplished. Also mcluded among v1 ra 10n, an ro 1 . . . 
I l · 1 test1'ng devices 1s a stress-stram machme t 1e mec 1an1Ca 
'th ·mum load of 200,000 pounds. w1 a max1 
In addition to undergoing electronic and mechanical 

evaluation under ordinary conditions, gear tested in the 
NEL facilities will also be given operational tests under 
extreme conditions of temperature, humidity, and at­
mospheric pressure. Specially constructed and fitted 
chambers will be used. At present, only one small 
chamber, of slightly less than a yard cube in size, is in 
operation. Two somewhat larger chambers will be 
operating shortly. Now in the p lanning stage is a fourth 
temperature-humidi ty facility of the "walk-in" type, the 
inner chamber of which will be an 8-foot cube. The 
fou r chambers are designed to provide for the testing of 
equipment at temperatures ranging f rom - 75 to + 3 5 
degrees C., at humidi ties from 20 to 95 per cent rela­
tive over a temperature range of + 2 to + 70 degrees C., 
and at pressures corresponding to alti tudes up to 5 3,000 
feet. In another ·Chamber, gear will be subjected to salt 

spray. 
A new equipment submitted for evaluation is sub­

jected to a thorough inspection of its materials and 
workmanship. Are the various parts made of materials 
which are satisfactory as to mechanical strength, finish 
and durabili ty) Is the soldering good, with connection~ 
free f rom excessive amounts of solder and from splatter­
ings of rosin residue? Is the wiring arranged in a neat 
and workmanlike manner, with flexible conductors se­
curely anchored so that the insulation will not be chafed? 

How about the insulation- does it support combustion ? 
Are all the components of the gear -accessible for main. 
tenance and servi~ing? Are they of approved types> 
These, and a mynad of other questions, are answered 
during the ccurse of the inspection . 

The particular inspection and test procedures em­
ployed depend upon the type of gear to be tested, and 
a lso upon the specifications. A radio receiver, for ex­
ample, is first given a mechanical inspection. Electronic 
tests follow. Voltage checks and point-to-point re­
sistance checks are made and compared with the manu­
facturer's fig ures. The power dissipation rating of the 

resistors is verified, as is the power consumption of the 

set. A series of tests determine the sensitivity, selectivity. 
f reguency response, distortion, and power output of 
each circui t. T he alignment of the i-f stages is checked . 

The oscillator calibration is ascertained, and the drift 

observed under different temperature conditions and with 

power-source voltages 10 per cent above and below the 

rated voltage. R-f stages are checked for image response, 

cross-modulation response, and i-f feed-throug h. The 
radiation from the oscillator within the set is measured. 

N ext, the receiver is tested in operation under the condi­
tions of temperature, humidity, and pressure specified in 

the contract. Shock, vibration, and p itch-and-roll tests 

are then conducted, simulating the conditions under 

which the set would be required to function aboard ship. 

Perhaps salt-spray tests are made. If the receiver · is 

portable equipmen t, an immersion test· may be in order. 
The set is immersed in water to a specified depth; at 
the end of a protracted period of time it is brought up, 
wiped off, and an attempt is made to place it in opera­
tion. 

Since the establishment of the electronic equipment 

type-testing facilities at NEL, several different kinds of 

gear have been evaluated. The thoroughness of the in­

spections and tests is indicated by a brief outline of the 

conclusions reached on two of the equipments. 
The first is a radio transceiver, which was being con­

sidered for use as a portable high-frequency equipment 
by the U . S. Marine Corps. Al though the gear was found 
usable, mechanical defects such as the following were 
noted : the case was not watertigh t; the heavy-duty vi­

brator was not hermetically sealed ; the voltage rating 

of one section of an electrolytic capacitor was different 

from the voltage rating of the other two sections; the 

hand-powered generator lacked a clamp which would 

permit it to be supported on trees or posts; and reflec­
tions from the tuning d ial window hindered reading of 

the dial settings. The foregoing constructional defects 
are representative of the eighteen which were found. 

Light-weight, 
high-impact 
SHOCK MACHINE. 

Representative of sixteen deficiencies noted during t_he 
electrical tests are the following: the power output of the 

transmitter was low ; the aud io response of the modula­

tor was poor below 85 0 c.p.s.; the radiation of the local 
oscillator in the receiver was excessive for f requencies 
near 12.0 Me. ; and the conducted r-f noise interference 
f rom the hand-powered generator was excessive at fre­
quencies above 50.0 M e. Since the shock and ,-ibration 

test facili ties had not yet been installed at the time the 

Controlled ATMOSPHERE CHAMBER. 

transceiver was tested, its suitability for transportable 
use could not be determined. The results of the tests 

which could be made, however, indicated that as de­

signed the gear was not acceptable. 
A second example of the thoroughness of the type­

tests is provided by the results of an evaluation of a p re­
production model of an audio amplifier manufactured 
for general Navy rad io use. Eighteen deviations from 
the specifications were noted. Al though mostly of a 
minor nature, they rendered the model unsuitable as a 
production standard. Changes could be made, however, 
without great difficul ty. The unit was fina lly recom­

mended for Fleet service, provided that: (1) the over­

all performance at increased and decreased line voltage 
was improved ; and ( 2 ) the recommended changes were 

made in the fasteners, several of the components, and 

the finish of the uni t. 
Models of electronic equipment submi tted to the Navy 

Electronics Laboratory for type-testing are g iven every 

possible inspection and test necessary for a complete 
technical evaluation. Recommendations based on the 
results of the tests are submitted to the manufacturer 

th roug h the Bureau of Ships, so that the equipment may 

be redesig ned and changed to meet exacting Navy speci­

fications. The type-test ing facili ties at NEL provide as­

surance that electronic equipment manufactured for the 

Uni ted States Navy wi ll measu re u p to the se\·e re re­

q uirements of operation ashore and afloat. 
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IONOSPHERE 

PULSE 

PROPAGATION 

The ionosphere is the outermost portion of the at­
mosphere, ~he earth's cushion against interstellar space. 
It. IS a reg10n of charged, or ionized, air particles con­
tallll.ng several layers or belts in which ion density is 
particularly great. These layers make possible long-haul 
radio communications circuits. ' 

Scientists have known for many yea rs that these ion­
ized layers have the power to reflect man-produced bursts 
of electromagnetic o r radio energy. They have also 
known that these layers do not remain at fixed distances 

from the earth but move up and down in response to 
variations in solar rad iations of various kinds. It is this 
moving up and down of the layers· which creates a condi­

tion well known to al l short-wave broadcast listeners­

a condition which causes in ternational broadcast signals 

to ··come in" better at certa in times of the day than 

others. 
A method of predicting the best radio frequency for 

commun ication over a particular distance at a given time 
has been worked oul and forms the bas is for p ropaga­
tion charts published by the Bureau of Standards. For 
conventional CW or voice communication purposes, fre­

quencies determined on the basis of these charts have 
been found remarkably useful. For high-speed, auto­

matic signaling systems, however, these charts are not 

entirely adequate in a practical sense. 
. High-speed communications, it has been found , are 

hrnited to top speeds of about 250 words per minute 
despite the proven higher-speed capabilities of electrical 

and mechanical terminal equ ipments. Clearly the deli-

IONIZED LAYER 

IONOSPHERE 

ciency does no~ lie. at ei ther the transmitting or receiving 
ends .of such Clrcu1ts, but represents a drastic altering of 
the s1gnals themselves somewhere along the transmission 
path. 

T hat condi tions along the path are complex is well 

known. For example, reflection of a signal may take 
place between two or more layers of the ionosphere as 
well as between these layers and the g round Tl1 · 1 . . e s1gna 
on Its way from transmitter to receiver may take ' · , ' ' a num-
ber of paths, when only one ionized layer is invol ved. 
Then, too,. the whole transmission picture sometimes 
changes Without warning causing a strong d . t t. f · ' , IS or IOn -

ree s•g nal to appear at the receiver in one instant and 

a weak, bad ly-garbled signal to appear the next. All of 

tl.lese comp~ex.t tl es create d istort ions of the transmitted 
stgnal and lt mtt communication speeds. 

. The first of a series of investigations of these d istor-
tions and their causes was begun at tl U S N 
Electronics Laboratory in August 19;, 7

1
e 1· · avy -. anc was con-

cluded almost a year later in July 1948 T l t . 1ese ests were 
made, cooperatively with the Central Rae!. p . L b ' 10 ropagat10n 
a oratory of the Bureau of Standards over a 2300-mile 

lmk between Sterli ng, Virg in ia and S D. C I" 
fornia . , an •ego, a •-

The exp~r iments inv.o lved the transmission of pulses 
from Sterltng and their receptio t S D . T h . . · n a an 1ego. e 
p10cedure was essent1ally the same tl 1 d . as 1at emp oye 111 

measurements of ionosphere layer height wherein the 
ttme d1fference between the propagat· f 1 d . 10n o a pu se an 
the amval of its reflected component from the layer is 

TUN ED TO 

REG 110 

AVC VOLTAGE 

REGULATING 
TRANSFORMER 

110 v. 

FIGURE 1. Block diagram of pl/lse rereptiOII eql/ipmeu/. 

used to determine the distance of the layer from the 

measuring point. In the NEL-CRPL experiments, how­
ever, the pulses were not sent out at a steep angle, but 
over a typical long-haul communication circuit. 

The transmitter at the CRPL end of the circuit em­
ployed a peak p late power input of 600 kilowatts on a 
frequency of 13.66 megacycles. The transmitte r radiated 
40-microsecond pu lses at a repetit ion rate of 25 pulses 

per second . A rhombic antenna with a beam width of 

about 30 degrees and pointed five degrees south of San 

Diego \vas used . 
At the western terminus of the link, the Navy Elec­

tron ics Laboratory insta lled a horizontal dipole and a 
vertical sleeve-type dipole, intersecting at their centers, 
cut for 13.66-megacycle operation. Provision was made 
for choosing either of these antennas from the operating 

position. 
A converter tuned to 13.66 megacycles and having 

an output f requency of 1.9 megacycles was connected to 
two D AS-4 loran receiver-indicators. T he loran equip­
ments were modified to give a 4 .5-mi lliseconcl sweep and 
uti lized an external 1 OO-kilocycle General Radio pri­
mary f requency standard for control of the sweep-rate 
and ma rker gene rators . The external source was held to 
an accuracy of about one part in 30 mil lion to make 
possible 24 -hou r unattended operaticn of the system. 

Photographs of the loran scope faces were made au­
tomatically by a f-a irchi lei Type A recording camera. 
Single-frame, 35-mm. exposures of 2 seconds each at 
f5 .6 were made every 2 minu tes throughout the oper­

ating period. The time interval between exposures was 

determined by l wo mutua lly trigger ing elect ri c timers. 
Ampl itude record ings of the 15-megacycle signal of 

station \Y/WV were made by applying the a-v-e voltage 

ou tput of a receiver, after amplification, to a recordi ng 

voltmeter. Calibration of these circuits was accomplished 
by coupling an LP signal generator into their inputs . 
A block diag ram of the receiv ing layout is sho,vn in 

figure 1. 
Three forms of data were gathered so that the re­

ceived pulses could be studied in great detail. Photo­
graphic records of the structure of the arriving pulse 
trains were made by the automatic camera arrangement : 

measurements were recorded of the amplitudes of the 
several pulse groups in the signal trains; and concurrent 

measuremen ts of the ampli tude of WWV signals, two 
megacycles away from the signals under study, provided 
a reference point for the pulse-signal amplitudes. 

As had been expected, wide variations of the received 
train structure were observed at sa·n Diego. Night train 
structures were found to be products of both one-hop 
and two-hop transmissions. In the one-hop night trans­
mission, the earliest arriving pulse was found at times 
to have traveled a low path, close to the earth , and to 
have been composed of extraordinary and ord inary mag­
neto-ion ic components not resolved in t ime. T he next 
pulse, a rriving a millisecond or so later, came by ·way 
of a high path a nd was composed of resolved extraordi­

nary and ordinary components. 
Two-hop transmissions were d iffused by the reflection 

of pulses from the earth somewhere along the path. Thi s 
pecu liarity was seen easily when the ragged, scattered 
character of pu lses comprising th is type of transmission 
was compared with the clean, sharp ly centered charac­

ter of the one-hop transmi tted pulses. 
D uring the daylight hours, when many layers exist 

in the ionosphere, and the f~ layer maximum usable 

frequency ·was much greater than the operati ng fre­

quency, the pulse train became extremely complex and 

broke down into several diffuse groups. T he many pulses 
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of which these diffuse groups were composed changed 
rapidly in phase relationship and the resulting continu­
ous amplitude variation of every portion of the group 
gave it a writhing ~ppearance. As the maximum usable 
frequency decreased to approad1 the operating frequency, 
the low and high signa l paths converged and became 
coincident and the train length was minimized. At the 
same time this effect occurred, it was found that the re­
ceived signal increased in intensity because of iono­
sphere focussing . 

A typical run covering a day's operation is shown in 
figure 2. Reading from top to bottom, the fi rst p lot is 
the p redicted maximum usable frequency at the center 

of the path. T his information is taken from the tables 
of frequency predictions published by the Bureau of 
Standards. N ext is plotted the delay between the trans­
mission of a pulse and the receipt of scattered return at 
the transmitte r. The structure of the signal as it arrived 
in San Diego is shown in the next plot; and, finally, for 
reference purposes, the last plot records the ampli tude 
of the strongest pulse received in San Diego. All of the 
plots are drawn to the same time-of-day horizontal scale. 

When the total pa th between Sterli ng and San Diego 
is in daylight, the train structure as observed at San 
Diego is seen to be fairly long, between 2.5 and 3 milli ­
seconds. This condition exists between the hours of 

FIGURE-2. 24-hour signal propagation over experimental path. 
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1400 and 2300 GCT. When the path becomes dark. 
the tra in length decreases rapidly to about 1.5 mil li­
seconds. W ith darkness also comes a recombination of 
ions and a consequent lessening of the density of the 
ionosphere reflecting layer, and the pulse trains change 
f rom those of a diffuse structure to those having two 
groups of clean pulses separated by 1 or 1.5 milliseconds. 
D uring this transition period, the received signal often 

fades out completely. 
As night p rogresses, the pulse train becomes still 

shorter, the two pulse groups previously noted converge, 
until finally the signal disappears altogether. These 
periods of d isappea rance are much longer than those 
noted in the transient period just at nightfall , and cor­
respond to the fadeout of high-frequency communica­
tions commonly experienced in short-wave broadcast 
listening. O ccasionally, however, as can be seen from 
figure 2, the signal reappears for short periods during 
the darkness hours because of short-time increases in 

ion density in the ionosphere layer. 
With the first illumination of the signal path, around 

1130 GCT , the first effect noted at the receiving end of 
the circuit is the appearance of a short, diffuse train. 
When all of the p at-h becomes illuminated, the typically 
long d iffuse trains are again observed. 

T he NEL-CRPL tests were cond ucted over a . path 
whose length closely approached the limiting distance 
for 'one-hop F~ layer propagation. Throughout the period 

of the tests, the operating frequency approached the F~ 
layer maximum usable frequency only at night. U nder 
these two un ique cond itions certain experimental con ­

clusions were reached . 
One of the most significant of these is the discovery 

that the optimum freq uency for long-haul communica­
tions over a 2300-mile path cannot be p redicted ac­
curately long in advance. This finding is tempered some­
what, however, by another discovery that a phenomenon 
o f back-scatter, observed at the transmitting point, is a 
good indication of the quality of conditions at the re­

ceiver at the other end of the path. 
If pulse transmission is used for communication, th iS. 

back-scatter serves as an instantaneous measurement ot 
signal -conditions at the receiver. It comes about in this 
manner. When a pulse leaves the transmitting antenna, 
it is p ropagated virtually without attenuation upwards 
into space until it reaches the reflecting ionosphere layer. 
There it is returned to earth , where again it is reflecl~d 
back to the layer, and so on until it reaches the recetv­
ing point. This, as mentioned before, is the method by 
which long-haul communications are accomp lished on 
high and medium frequencies. But not all of the energy 
cont ained in the pu lse is transmi tted in a forward d irec­
tion to the desired rece1vmg point. Some of th is energy, 
upon being reflected back to the earth from the iono­
spheric layer, is diffused and scattered by the earth and 
returns to the vicinity of the transmitte r to p roduce the 

hack-scatt er effect. It is the measure of the delay time 
between the start of a pulse and the arrival back at the 
transmitter of this scatter reflection that makes it possible 
to determine the d istance with which communication may 
be accomplished with least signal distortion and ma_x:i­
mum signal strength. 

Pulse transmission, it was determined, offers a means 
of reducing in terference-type fading where single-hop 
transmission is involved. In addition, it was found that 
progressive lengtheni ng of the received pulse trains takes 
p lace as the F~ layer maximum usable f requency in­
creases beyond the operating frequency, and it was de­
termined experimentally tha t the optimum frequency 
for high-speed communications over the path is just 
helO\v the one-hop maximum usable frequency. 

The experiments also provided additional informa­
tion on the actua l mechanics of the reflection of a 
signal from the earth and the ionospheric l ayers. Earth 
reflect ion, it was found, causes serious mutilation of the 
signal · by diffusing its energy. The ionosphere, on the 
other hand, was found to behave almost as a specular 
reflec tor which spli ts the signal in to four components. 

Some of the theories of electromagnetic wave propa­
gation have been confirmed by the NEL-CRPL e..xperi ­
ments while the validity of others has been questioned . 
More experimentation, now in progress on higher f re­
quencies, is being conducted as part of a program to 
permit the full capabil ities of the higher-speed electro­
mechanical te rm inal eguipments to be rea lized in prac­

tice. 

Type of Approach 
Last 

Month 

Practice Landings . . . 7, 198 

La ndings Under Instrument 
Conditions . . . . . . . . . 345 

To 
Date 

167,621 

7,212 

() 
0 
z 
"Tl 

0 
m z 
-; 

)> 
r 

(} 

0 z 
:::Q 
0 
rn z 
~ 
)> 
r 

N 



_J 

< 
1-z 
UJ 
0 
LL 
z 
0 
u 

.._I 

<( 
~ z 
LU 
a 
ii 
z 
0 
0 

N 
N 

TABULATI.ON ·OF DEFINITE INTEGRAL-S 
OCCURRING -IN ANTENNA THEORY 

By LIEUT. COMDR. CHARLES w. HARRISON, JR.,. USN 
Electronics Design Division, B11rett11 of Ships 

The sine and cosine integrals have long played an 
important part in the theory of antennas. One is led 
almost inevitably to these functions in deducing formulas 
for the radiation impedance of antennas, whether a 
simple symmetrical center-driven antenna or an array 
of antennas be involved. Specifically, suppose that it is 
desired to calculate the vector potential at some arbitrary 
point in space, due to a sinusoidal distribution of current 
flowing along a conductor. The total pot~ntial at the 
point may be obtained in terms of the sine and cosine 
integrals, by. integrating the contributi<?ns of the ele­
mentary sources over the length of the conductor and 
taking proper cognizance of the. phenomenon of ret~rda­
tion. Due largely to the splendid work of the N atJonal 
Bureau of Standards in collaboration with the Federal 
Works Agency, Wo;k Projects Administration for the 
City of New York, an excellent tabulation of the sine 
and cosine integrals has been prepared. 1-3 

TABLE I. 
T ab11lation of the function 

Sttv H. 

o.o 
0.1 
0.2 

B 
B 
·~:i 
0.9 

1.0 
1.1 
1.2 

t~ 
1.5 
1.6 u 
1.9 

:r.o 
2.1 
2.2 

t~ 

~:i 
2.7 
2.8 
2.9 

0.5 

0.,9)11 

~:= g:~ 

:::r~ 
~:U~ 
o.uaa, 
o.•1•51 

g:= 
0.~81 
0.3-'6)2 

0.,270-\ 

~:= 
t~~ 
g:~m 
g:~~l 
0.13707 

0.11626 
0.09591 
o.o76U 
0.()570) 
0.0;867 

::~ :g:~:~~ 
•• 2 ·0.1~o8 
~., -0.106" 
~.4 .o.1o82) 

• .5 .o.1o860 
•• 6 -0.10790 
~.7 -0.10618 
'.8 -0.10,_9 
4.9 -o.o9991 

1.0. 

-0.19:562 
-0.20~ -0. 
-0.21 ,, 
-0.21677 

-0.21692 
-0.21497 
•0.2110, 
-0.20522 
-0.19766 

:t~~u 
.o.16S67 
.o .1527' 
.o.l,;l61 

-0.12}6} 

:g:~~w, 
:s:srul 

1.5 

1.)2'68 

l:W~ 
1.)0)89 
1.2878S 

I:nm 
1.21}7S 
1.18090 
1.1--29 

1.1041, 
1.06067 
1.01,17 
0.96'90 
0.91}16 

0.&.;926 
o.Bo351 
0.7,62] 

::m.~ 
0.56&.;6 

::~ 
o.~e 
0.))05, 

0.27)01 
0.21687 
0.162,1 
0.10991 
0.()5962 

0.01177 -0.0, __ 
-O.OT58o 
-O.llS1' 
-0.151, 

-0.1~2} 
-0.21,.)76 

:g:~m; 
-o.t81'll 

:g:g~l 
-0.12878 
·0.10'DS 
-0.07920 

-O.OS'35 
-0.02977 
-0.00567 
0.0177' 

1.0 

1.60SU 

t:W,~~ 
1.51921 
1.55900 

1.5})2, 

l:(D~ 
1.•2''' 1.}"/S25 

1.,2m 

ur~r 
l:~~ 
1.02006 

g:~~ 
o.S0,07 
O.T)o81 

g== 
8:~~ 
0.)5916 

8:~~1 
8:~~ 
0.02)76 

-0.0)505 
-0.0~,, 

:8:l~ 
-0.2))69 

:g:m~~ 
-0.),17 
-0.~5-7 
-O.:sB72T 

:g::~m 
-o.,~97 
-0.4)021 
·0.4)0)2 

-0.'26'' 
-0 •• 1878 

:g:~~ 
-0.,7515 

-0.21888 
-0.187)5 
-0.15507 
-0.122}7 
-0.089S' 

-0.05690 
-0.02'72 
o.oo67l 
0.0)713 

Several years ago the writer encountered two in­
tegrals, when formulating a solution for the problem 
of coupled antennas, 4 similar in som~ respects to the 
sine and cosine integrals, but not reducible to their form. 
In the more modern theories of the symmetrical center­
driven antenna and antenna arrays5- 7 these integrals 
arise. They are defined by 

SuvH= dU ........... (1) 

and 

H 

Cuv H = f cos" U' + V' 

o ~ u2 + v2 
dU ........... (2) 

Originally ( 1) and ( 2) were evaluated over a rather 
limited range by graphical methods. 4 Subsequently, a 
method of evaluating them through summation of series 

1.5 

l::mn 
1-76~93 
1. 7'801 
1.72H9 

1.69'50 
1.6S823 

t:~~ 
1.51U5 

u~~ 
1.)2U9 
1.252)7 
1.1770) 

1.0996) 
1.01767 

tXl~ 
o. 76,25 

0.67796 
g:s9m 
o.~06' 
o.,702 

o.25S26 
0.17S80 

~== .o.o,.\67 

-o.uo96 
-o.1n1o 
:t=~; 
-0.})209 

:um~ 
-0.--6o2 
.o.•n'? 
.o.•9560 

-0.512'' 
-O,S2-0) 
-0.5)050 
-0.5}197 
-0.529S9 

-O.S2058 

:::~~~3 
-0 •• 7112 
-0.,~709 

.o.H91l1 

.o.}8961 
·O.}S685 
-0.,189 
·0.28511 

-o.2•6!l8 
:t~~ 
·0.12726 
-O.o8699 

:g:gm~ 
o.o,oo5 
0.06672 

}.0 

:g:;gm 
:g:~~w 
-0.5998) 

-0.61,06 
-0.622'5 
-0.62511 
-0.62222 
-0.61)96 

-0.60059 
-0.582}7 
-0.5S960 
-0.5}262 
-0.50177 

-o • .tGT~) 
:grJ; 
·0.),750 
-0.)0}29 

-0.25766 
-0.21107 
·0.16}9, 

:g:~~~ 
-0.02)50 

~:~g~ 
0.10722 

}.5 

.0.587~ 
-0.62)06 
-0.652,_ 
-0.67514 
-0.69U9 

-0.701,, 
-0.70510 

:g:z~g 
-0.68o12 

.o.66o6o 
-0.6)S97 

=~:= -0.5)50} 

:g::~~~ 
-0.-0210 
-0.}5277 
-0.)017) 

-0.2'"' 

:Ut~~ 
-0.08986 
.o.o>nz 
O.OH1' 
0.06H2 
0.11219 
0.1S8o0 

4,0 

1.7S820 

t~m~ 
~=~m 
1.6STO} 
1.61),, 
1.56262 

~=r~~ 
u~~r, 
1.2U01 
1.12870 
1.0>9'4 

g:~~; 
g:~;~ 
0.5555} 

g:;~~~ 
0.2580o 
0.161,2 
0.06717 

-0.02,20 
·0.11212 
•0.19609 
·0.27562 
·0.)5026 

.o.U961 

.o.'8"1 
·D.S'105 
·0.5925S 
·0.6)760 

-0.6760, 
-0.70772 
·0.7)262 
.o.75C69 
.o. 76200 

·0.76661 
·0.7S.67 

:g:re~ 
·0.721S9 

=~:~n~ 
.o.6287-
.o.S68'2 
·O.S"H 

:t~~~~ 
·0.)9219 
•0.})66) 
·0.27996 

•0.22211 
·0.16}78 
·0.105-8 
·0.04771 
0.0090-

0 .OS.}:! 

u~ 
0.2169S 

'·5 5-0 6.0 

~=~ ~:~= 1.6)762 1.5)~ 

t:~ ~:m~ 

:g;~!J 
:g:r~~ 
-o.•67S2 

-0.51970 

:g:mR 
:g:~~ 
:g:~~ 
-0.70206 

:g:= 
.:0.67872 
-0.65815 

:g:~~a 
-0.56207 

-0.~198) 
:g;,~R 
-0.)6869 
•0.)1187 

-0.2S271 
-0.19181 

:g:~U~ 
.o.oouo 
o.oS8o6 
g;~~-
0.2~2~ 
0.29112 

0.~286 

8:l'~~ 
o.,7SS2 

appeared,8 but the labor irivolved is comparable to the. 
graphical method. 

In 1944 the Bureau of Ships, Navy Department, 
originated a computation project for the evaluation of 
Suv H and Cuv H. The work was accomplished by the 
Harvard University Computation Staff utilizing an I.B.M. 
Automatic Sequence-Controlled Calculator. 

Table I provides a tabulation of the function Suv H 
over the range 

0 ~ph ~ 6.5; 0 ~ (3b ~ 6.3 

({3h =H andf3b · V). 

The incremental steps are 

tJ.f3h = 0.5 and tJ.f3b = 0.1 

An error of less than 8.5 x 10-7 is assured for all tabu­
lated values in this table. 

Table II provides a tabulation of the function Cuv H 
over the range 

0 ~f3h ~6.5; 0.1 ~pb ~6.3 

with 

ll.f3h = 0.5 and ll.f3b = 0.1 

An error of less than 3 x 10-o IS assured for all tabu­
lated values in this table. 

P• 
0.1 
0.2 
0.) 
0.1, 

o.s 
o.6 
0.7 
o.a 
0.9 

1,0 
1.1 
1.2 
1.3 
1.1, 

1,S 
1.6 
1.7 
1.8 
1.9 

2.0 
2.1 
2.2 
2.) 
2..4 

2.5 
2.6 
2.7 
2.1 
2.9 

),0 
. ).1 

).2 

'·' '·" ;., 
).6 
).7 

'·' ,., 
1,.0 
4.1 

"·2 '·' , .... 
"·' "-' 4.7 
4.8 

'·' 
s.o 
s.1 
5.2 
5.3 , .... 
M 
5.6 
$.7 
s.e 
5·9 

6.0 
6.1 
6.2 
6.) 

o.s 

o.7U93 
0.59871 
o.uus 
0.39035 
O,)W? 

o.21,J15 
o.us,. 
0.13424 
o.oem 
o.~9S3 

1.0 1.s 

-o.l6UO -o.)2620 -D.1,9UO 
-o.l6S)l ..0.33275 -o.50003 
-o.l6765 -o.3JSTT -o.sous 
...0.16822 -O.JJ:JU -O.!,'f17) 
..0.16714 -0.))209 -o./,9005 

-o.~S4 -0,)2581 ..0.1,'1841 
-o.l60,a .0,)1617 -o.~)lO 
-o.usn -o.)OS4S -o.wu 
-o.~ -o.:mea -o.UZ74 
-D,ll,ll9 .0.27628 ..Q,)911)Z 

...0.13272 -o.25493 -0.)7151 

..0.12343 -<1.24005 -o.~ 
-o.~s -o.n'lOI -o.n20J 
-0.10289 -<1.19863 ...0.28001 
...0.0'1147 -o.176SS -0,24690 

z.o 3.0 '··' 

Tables I and :u we~r; .prepared from ph.otographs of 
the results typed out by the calculating machine, and are 
therefore not subjec;t to human errors that might be 
ihvolved in transcribing the figures. · · 

A large variety of integrals may be reduced to Suv H 
or Cuv H form by the processes of the calculus; ac­
cordingly, with the publication of tabies I and II, such 
integrals are now in the class of "known functions." 

1 Federal Works Agency, Work Projects Administration for 
the City of New York, Tables of Sine, Cosine and Exponential 
Imegrals, Vol. 1; 1940. 

2 Federal Works Agency, Work Projects Administration for 
the City of New York, Tables of Sine, Cosine and Exponential 
l11tegrals, Vol. II; 1940. 

3 Federal Works Agency, Work Projects Administration for 
the City of New York, Table of Sine and ·Cosine Integrals 
for Arg11ments from 10 to 100; 1942. 

~Charles W. Harrison, Jr., A Note on the Mnt11al Impedance 
of Antemuu, Jour. Appl. Phys., Vol. 14, pp. 306-309; June, 
1943. 

6 Ronold King and David Middleton,. The Cylindrical An­
tetma: C11rrent and Impedanc_e, Quart. Appl. Math., Vol. 3, 
pp. 302•335 (1946). I 

a c. T. Tai, c;o11pled Antetmas, Proc. IRE., Vol. 36, pp. 487-
500; April, 1948. 

1 Charles W. Harrison, Jr., Atz Improvement i1.1 the Solr1tion 
of the Problem of Symmetrical Antenna Arrays, Bureau of 
Ships ELECTRON; December, 1948. 

a Sidney Weinbaum, On the So!tuion of Definite Integral! 
Occ11rring in Antenna Theory, Jour. Appl. Phys., Vol. 15, 
pp. 840-841; December, 1944. 

6.0 6.5 

o.5Qe$7 o.s5as5 o.633Zl o.7Ul6 
o.mss o.31.596 o.42090 0,49975 
0.110115 0.16211 0.2)7J7 0.)1610 

-o.on79 o.ooou. o.07605 o.15462 
-o.196)6 -o.u306 -o.cJ.m o.ol132 

TABLE II. 

T ab11ltttion of tbe jlfnction C11v H. 
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INTERPRETI NG . SOME QHB 

SCOPE INDICATIONS 

The following article, most of wliich is taken from 
SurASDevFor letter SADDj S68{05:jac) Serial 084, is 
written for in formation and use of the Fleet. 

From tests con?ucted using a Model QHB Scanning 
Sonar Equipment, it was found that the strength of the 
wake of a Guppy submarine varied considerably de­
pending on the condition of the ship's propellers. One 
submarine, upon her initial arrival at Key West, p re­
sented a very strong wake on the QHB scope at a speed 
of 5 knots. After having been drydocked for propeller 
repairs, li ttle or no wake could be seen from this sub­
marine at a speed of 5 knots, ,even at periscope depth. 
Operations with other Guppy submarines have shown 
varying wake conditions which may be attributed, in 
part, to the sonar conditions p revailing at the time. 

If the MCC switch of the Model QHB is left in the 
OFF position to increase echo strength, " lost contact" 
will usually occur at about 400 yards when the target 
submarine is 200 to 300 feet deep. Wake indication is 
usually lost just before '"lost contact." If the equipment 
is now switched to MCC operation, contact is usually 
regained together with a fair wake indication. 

Although wake indication is of great ass istance to an 
experienced QHB operator, it tends to confuse the 
uninitiated. Since the wake and target echoes merge, the 
inexperienced operator is often at a loss as to where to 
place his cursor. In this connection, it should be pointed 
out that under most operating conditions there will be 
a slightly larger (thicker) echo appearing at the sub­
marine's position at the end of the wake. The operator 
should bisect this with the cursor. Under adverse con­
ditions, where no definite echo indication from the sub 
itself is obtained, the operator should place the cursor 
approximately half the w idth of a normal echo back 
from the leading edge of the wake. It is of interest to 
note, however, that the preponderance of attacks on 
medium-speed submarines have been e ither d irect bow 
or stern attacks, which produce li ttle or no wake indica-

tion. 
The operator must he a lert to insure that he does not 

interpret an echo returned by the knuckle from sub­
marine acceleration as the submarine echo. Submarine ac­
celeration in add ition to forming a knuckle, produces 
consiclerahle noise, which tends to overload and reduce 
the gain of the Q HB receiver, thereby reducing the 

amount of wake information visible on the QHB scope. 
While conducting these tests, a method of obtaining 

eai:ly information on submarine evasive maneuvers was 
noted. With gain enough to produce a noise spoke on 
the QHB scope, it was found that the cente r bearing on 

the target echo differed from the center bean~1g on 
. the noise spoke. As the target aspect approaches a beam 
aspect and the range decreases, this difference becomes 
more pronounced and can be as much as five to ten 
degrees at the time that sonar contact is lost. When 
attacking a medium-speed submarine, if the operator wi ll 
closely note an}' changes in location of the echo in rela­
tion to the noise spoke, information on target turns 
(change of aspect) can · be obtained long before the 
change in bearing is noted and a change in course is 

indicated. 
In one instance, a beam aspect target at a range of 

500 yards showed the center of the echo approximately 
even with the left edge of the noise spoke (see figure 1). 
Although in this case the actual echo appeared to in­
dicate aspect by itself, such a clear-cut indication is not 
normally obtained, because adverse conditions such as 
high accele ration noise tend to make the echo weak 
thereby reducing the presentation to one or two seg­
ments and leaving little or no aspect indication. in the 
echo. Therdore, under adverse condi tions, knowledge of 
the noise "spoke- echo relationship is a great help in in­
terpreting what is taking p lace, as indicated by the QHB 
scope presentation. 

Hig h reverberation areas are sometimes encountered 
which might be of assistance to submarines in selecting 
a location offering a minimum possibility of detection. 
Sud1 a high reverberation a rea was found off Key West 
(see figure 2) . The area was closely inspected by an 
ASW vessel but no reason was found for its ·existence. 
Since the water depth was 120 fathoms and the rever­
beration area did not remain at constant range, it is not 
believed to have been caused by bottom echoes. 

In addition to indicating submarine wake, the Model 
QHB Scanning Sonar Equipment gives a very good pres­
entation of wake from h igh-speed torpedoes (Mark 14 ) . 
Where other methods of locating a submarine are not 
avai !ab le, th is torpedo wake indication could be used by 
the ASW surface vessel to help itself to arrive at the 
approximate position of the submarine. 

ILL FIX IT - BUT 
THOSE 383 FAILURE 
REPORTS ARE JUST 
\00 MUCH 1ROU 

WONDER l 
BUREAU OF SHIPS 
KNOWS OF IHIS? 
I'LL LET IHEM 

KNOW 
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