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Section I - Introduction 

1. At the request of the Bureau of Engineering. the Naval Research 
Laboratory has constructed an electro-acoustic SC tube, and has carried 
out certain experiments to determine its relative merits as a subaqueous 
binaural direction finding device as compared with a standard acoustic 
SC tube of the type now in use on submarines in the Na.\ral Serv.1:ee. 1be 
purpose of this report is to describe the instrument and to set forth 
t.he results of performance tests carried out at New London in the period 
22 - 26 AprU 1940, inclusive,. with submarine number 125 and the 
u.s.s. SEKMFS cooperating. 

Section II - Discussion of General Principles 

2. The principles involved in the application .of the binaural 
sense to direction finding in the SC tube need not be covered in complete 
detail .in this report, In the acoustic SC tube, sound energy is taken 
.from the water by a rece.iver o! the non-resonant air bubble type and is 
transmitted by a vibration-~ulated air-filled duot directly to the 
listener•s ear as air-borne sound. Two receivers, one at each end of 
a rotatable arm, are employed, and each has its own associated trans­
mission duct. The energy from. one is led to listener's right ear, and 
the energy from the other to his left, By rotation of the aforementioned 
arm, the Ustener is able to center binaurally an audible noise and to 
determine the relative bearing of its source. In the electro-acoustic 
SC tube, the same type of non-resonant air bubble takes sound energy 
from the water, but a !!licrophone within the bubble converts the air-borne 
sound energy into electrical energy. This energy.is transmitted elec­
trically, with or without selective amplification, to the observation 
station~ and there reconverted at the listener's ear to air-borne sound 
by a telephone receiver. As in the all-acoustic case~ two identical 
systems are used, one for each of the listener's ears, and the relative 
bearing of a sound source is determined by centering it binaurally 
exactly as with the acoustic SC tube. For a schematic diagram of the 
electro-acoustic SC tube, see Plate 1. 

3. In binaurally centering an audible noise with such a device,. 
the listener is adjuating the length of path between the sound source 
and one ear to equal the path length between the same source ani the 
other ear, typical human ears being able to detect a difference of ap­
proximately 10 microseconds in the time of arrival of a given sound wave 
front. As the velocity of sound in sea water is l.5 x 105 centimeters 
per second, a path difference in sea water of 1.5 centimeters or .6 inch 
is detectable by the average pair of ears. In an instrument making use 
of this power of the ears, it is essential that the sound energy in water 
incident upon the two receivers be converted to air-borne sound and pre­
sented respectively to the separate ears without the introduction of any 
spurious path difference or time delay. In the acoustic SC tube, this 
is accomplished by the use of identical receivers and identical trans­
mission ·ducts for the air-borne sound. Identity in the two transmission 
ducts is not difficult to attain, brass tubing of the same length, wall 
thickness, and inside diameter being used. Both ducts are in a common 
housing and therefore are maintained at approximately the same tempera­
ture. Identity in the receivers is more difficult of attainment, but 
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the non-resonant air bubble type has served well in practice. Being 
non-resonant, the air-borne sound within the receiver builds up in 
phase with the water.;.borne sound outside the rubber envelope. Receivers 
of the air bubble type which are resonant have been shovm to be not 
practical, as exact identity in two such receivers is unattainable. 

Section III - Description of the Electro-Acoustic SC Tube 

4. In developir4g the electro-acoustic SC tube the non-resonant air 
bubble type of receiver was retained Tlithout change or experimentation 
except that a somewhat larger bubble was used to permit the mounting of 
a commeroiaJ.lar available microphone Within the envelope. Resonance was 
carefully avoided on the basis of experience with the acoustic SC ·tube. 

5• Preliminary experiments were conducted by this Laboratory to 
ascerta:1.n the feasibility of using inexpensive microphones of the sound 
power telephone transmitter type for converting air.;.borne sound energy 
within the· air bubble to electl-ioal ena-gy, The types inV'estigated were 
manufactured by the Radio Corpocration of' Alnerica and by the Automatic 
Electric Compaey. Briefly, it was conelt1ded that these microphones are 
not adapted for use in bin.aur.al listening equipment. They are relative­
ly sensitive, but their sensitivity varies very considerably with fre--. 
queney. One or more resonances occur in th~ audio frequency range, and, 
as in the case of the air bubble type of receiver discussed above, this 
makes the attainment of satisfactory identity between two microphones 
of this type practically impossible. For a curve typioal of these micro­
phones., see Plate 2. The resonances at 600 and 1200 cycles per second 
destroy the usefulness or this device in an equipment where phase dis­
tortion cannot be tolerated. 

6. Higher quality microphones., of the type used as transducers in 
broadcast studios, were found to be satisfactory for use in binaural 
listening equipnent in so far as their electro-acoustic properties were 
concerned. The sensitivity of such a microphone is relatively low, but 
it is ve-ry nearly the same (.t, 1 decibel) for sound energy at any fre­
quency between ?O and 7,000 cycles por\'second. Being free of resonances 
in this frequency range, the electric wave energy- builds up in phase 
with the air-borne sound energy- within the air bubble type of receiver. 
Moreover, the sensitivity and frequency response characteristic of this 
microphone are very nearly the same for all microphones of the type as 
received from the manufacturer. Four different microphones of the same 
type (Type 633A We~tern Electric Company) were compared in the Labora­
tory by measuring their respective responses to the sound emitted by a 
given sound source, the frequency of which was varied, Microphones #2 
and #3 of the group \Vere found to have the same sensitivity (.:t, l/2 deci­
bel) at any frequency between 100 and 1,000 cycles per second. At fre­
quencies between 1,000 and 4.000 cycles per second, microphone #3 was 
approximately 1 .decibel .more sensitive than #2. As the .hu.man ear is 
not conscious of differences in sound intensity of less than l .decibel, 
the similarity between these microphones was considel:'ed acceptable and 
they were used in the assembly of the electro-acoustic SC tube. 
Microphone #1 of the group was approximately 1.5 decibels-more sensitive 
than #2, and microphone #4 was approximately 2.5 decibels more sensitive, 
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The frequency characteristic of this type of microphone being nearly 
flat in the audio frequency range, differences in the average sensi­
tivity of any two of the type can, in general, be comp-ensated for very 
simply in the associated electrical transmission equipment. 

?. The low sensiti~ty of the type of microphone which is suitable 
for use in a binaural listening device makes it n13ceasary to employ 
amplification. Transmission and amplification of electric wave energy 
Without deleterious phase or amplitude distortion in the audio ;frequency 
band is relativeJ.r a .simple matter. For the electro-acoustic SC tube., 
two amplifiers Were constructed to be as nearly alike as possible., using 
re!ldily available components• . · Each was designed to take electric wave 
energy f':r-om one of the high quality microphones at a 37 ohm level, and 
deliver the energy amplified 70 decibels with very little phase or . · 
amplitude distortion into a 37 ohm load. The gain-,frequeney character­
istic · of each amplifier is shown in Plate 3. In Plate · 4 two curves are 
shown, one giving as a .function of .frequency the tolerable relative phase 
distortion which~ be introduced by the am.pl.ifiers and the other that 
actualzy introduced as measured in the I,aboratory. In calculating the 
tolerable difference in the delays introduced by the two amplifiers, the 
quantity 5 microseconds was used. This is one-half the value detectable 
by a normal pair of ears. The curves of Plates J and 4 show the sui ta­
bility of the two amplifiers for use in binaural listening equipment. 
Each amplif'ier was provided with a manually operated gain control by 
which slight differences in the average gains of the two amplifiers might 
be compensated. The amplifiers are conventional in design, and no particu­
lar efforts were made in this prel.inp.nary model to secure long term 
stability or a gain characteristic independent of line voltage fluctua­
tions. The two amplifiers, however, were operated from a common power 
supp:cy-. 

8. For converting the electric wave energy delivered by tho amplifier 
to air-borne sound for the listener's ear, a telephone receiver was used. 
Ordinary, inexpensive receivers have resonances 'Which make them unsatis­
f'actory for use in binaural listening equipment. For the electro-acoustic 
SC tube, telephone receivers of the broadcast monitoring -type were chosen 
(Type 705A Western Electric Comparzy-). Each receiver had an impedance of 
approximate~ 37 ohms and conatituted a satisfactory load for one of the 
amplifiers described above. The response characteristics of the two tele­
phone receivers used in the electro-acoustic SC tube are presented in 
Plate 5. These measurements were made in the Laboratory with artificial 
ear equiIELent. It is to be noted that these receivers were not completely 
£ree of resonance effects. They were, however, well matched and, in so 
£ar as this Laboratory is aware, were as good as any obtainable at reason­
able expense. 

9. Between the first and second stages of each of the amplifiers 
for the electro-acoustic SC tube. provision was made for the insertion of 
certain electric wave filters. In this manner, variationa in the trans­
mission characteristics of the amplifiers pould be effected for the pur­
pose of increasing the discrimination between the desired audible noise 
and undesired background noise. The filters provided were of the follow­
ing types: 

-3-
DECLASSiFRE:'.'l' 



(1) 
(2) 
(3) 
(4) 

!cw Pass - 1,000 cycles 
High Pass- 1 ► .n 

·Low Pass - 500 11 

High Pass- 11 11 

per second cut-off frequency 
II II II II 

II 

II 

II 

II 

II 

II 

The 500 c.p.s. high pass and the 1,000 c.p.s. low pass. filters could be 
inserted in tandem to give 500 to 1,000 c.p.s. band pass selective 
amplification. Two of eaoh type of filter, carefully matched, were pro­
vided, and e.lso a ganged switch mechanism., so that the transmission 
oharacterist:iosot the two amplifiers were alike, to within a half 
cleoibel; tor each of the possible choices of filter insertion. In 
Plates 6 and 7 the gain.frequency characteristic of one of the amplifiers 
is shown ·f~~the five different filter choices provided. The relative 
phase <lU'.fe.~enee introd\loed by the two amplifiers with filters inserted 
was not ieasured :tor . lack of time prior to the performance test of the 
electro1ooustio SC tube. The excellent matching of the filter pairs, 
however. · indicates that any difference introduced in the pass bands must 
be small, . and in practice, with the filters inserted in the amplifie:rs, 
good binaural cent,ring of audible noises was attained. 

10. For binaural operation of the electro-acoustic SC tube, the 
air-borne sound energies presented to the left and right ears of the 
listener were kept definitely separated. However., provision in this 
equipment was made for connecting the two telephone receivers in series 
and for connecting them in turn to the combined outputs of the two 
amplifiers, the latter either in series-aid or in series-opposition. 
A switch was provided to enable the listener to make these changes in 
connections with ease and rapidity. He was enabled thus to take bearings 
on a target binaurall;y in the normal lllaruler or by adjusting the rotating 
member of the equipment for a maximum or a minimum response in the tele­
phone receivers. 

Section IV - Performance Test of the Electro-Acoustic SO Tube. 

U. The u.s.s. 125 was designated to carry out the performance test 
o:f the electro-acoustic SC tube• The rotating !!!ember of the JK....SC tube 
assembly' 01' the J.2.5 waa removed and replaced by one, without a JK head, 
vrhich had been renovated and modii'ied at this Laboratory. The renovation 
consisted of the installation of new sound transmission tubing~ new 
vibration insulation, and new packings in the acoustic SC tube. New 
rubber nipples were also installed. The only modification introduced 
was the provision of the lead-in wires necessary for the connection of 
the two microphones in the outboard part of the electro-acoustic SC tube 
to the amplifiers within the boat. Aa installed, the outboard part of 
the electro-acoustic SC t-µbe was mounted on the platform normally used 
for the JK head. This arrangement was chosen as it permitted a rapid 
and valid comparison of the performance of the two types of SC tube. 
The observer, in moving the shaft of the assembly, moved both the rota­
table arm of the acoustic SC tube and that of the electro-acoustic SC 
tube and was able to -listen to one or the other at will. . . -, ~, ... "'"" ~~ '"hi~ 
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12. Comparative performance tests · of this equipment were carried 
out on 25 April 1940 in Long Island Sound, the u.s.s.- SEMMES assisting 
as target ship. The 125 took a course and ran supmerged at periscope 
depth at 4 knots. The SEMMES, having dropped astern, steamed on a · · 
parallel course at 5 knots, passing abeam at approximately 800 yards, 
and continuing on her course un~l well out of the rang~ of the devices 
being tested. The lim1t of range and instructions to rever~e course 
were signalled to the SEMMES by the broaching of the 125. The SEMME~ 
steamed on the re\l'etse course at 5 kriots until again out of the range 
of the instrwmtnts, thus completing run #1. In runs #2 and #3 the 
Sm&ME:s went through the same procedure, but at different speeds. In 
run #2 she steamed at 10 knots and in run #'J at 20 knots. During the 
course of these• runs, two observers, trained in the use of' binaural 
direction.finding devices, determined the bearing o:£ the target ship 
al.ternatel&' each illinute, one using the acoustic SC tube and the other 
the electro-acoustic SC tube. The bearings and time of observation were 
recorded. From: time to time during the runs, the observers exchanged 
1istening devices. In the contr-ol. room of the 125, the bearing or the 
stern of the SEUME.S and her ap:P?"Ox:imate range, as determinecl by periscope, 
were recorded with the time of observation each minute · throughout the 
runs• Care was taken in eynohronizing the clocks used at the two ob-
servation stations. · 

13. These tests were conducted in Long Island SoWld f.rom Hatchet 
Reef Buoy to Cornfield BUoy in 150 feet of water. The wind was light 
and variable and the sea was calm. The per cent of clouds was estimated 
to be 40%. The water tesnperature was ,38° F. 

14. ·The results of these tests are presented in Plates 8 to 13 
inclusive, in which the relative bearing of the target as determined by 
the perisco~ and by the two binaural devices, is plotted against time 
o:f observation in minutes• Approximate ranges are indicated by yardage 
figures adjacent to the periscope bearing curve. Note that in Plate 9 
the observers using the binaural devices were misled and took bearings 
on a falae target, a small boat not reported to them by the deck officer. 
Note also in Plate 11 the complete failure of the binaural observers with 
either instrument to locate the target. It is probable that a misunder­
standing by the observers with :r:-egard to the time of · the start of run 
was responsible f'or this failure. During this part of the second run 
the · l25 changed course. 

Section V - Discussion of the Performance Test 

15, An appraisal o:£ the relative merits of the acoustic SC tube 
and the electro-acoustic SC tube as direction finding devices on the 
basis of the data presented in Plates 8 to J3 inclusive must be somewhat 
arbitrary as both devices are far from ideal instruments •. The operation 
of either depends to a marked degree upon the operator, the quality of 
his ears, his pc,wers of concentration and auditory discrimination., and 

· the degree of cultivation of his binaural sense. At the start it must 
be said that the results presented in this report are unfair to the 
electro-acoustic SC tube in this respect, for the t'Vlo trained listeners 
available for the test were not equally successful with the acoustic 
SC tube. All target bearings reported at the longer ranges for · the ... ,,~ ..... ...._ 
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acoustic SC tube are those observed by the more successfJll of the two 
listeners. With the electro-acoustic SC tubei either operator had 
substantial:cy the same success even at th~ ·range limit of the instrument. 

16. In consideration of the data presented in Plates 8 to 13 
inclusive, Plates 9 and ll are omitted.except that attetttion is called 
to the fact that difficulties will arise in binaural listening if the 
observer is not continuously attentive and if there is more than one 
target• From the• other plates, . certain general conclusions mq · be 
dra:vm: (l) neither instl"Wnent is a very preois·e sound locator, (2) the 
relative bea,r.;S,ng of a target aba.1't or beam may be determined more ac-- · 
curate:cyc by · either device than that of one on the quarter, and (J) the 
limiting rang~of either device in the hands of a competent operator is 
substantial,.q" the.. same. With the target nearly abeam and at moderate 
range. gOQd bearing measurements were made at the three target speeds 
With both instruments• The precision of measure with the target in this 
position ts i:n-esumably somewhat better than the plotted points indicate 
as the reiative. bearings were changing quite rapidly with time and in­
evi table sin.all errors in the recorded time . of observation resUl ted in 
quite large dif'ferences between the actual relative bearing and the bi­
naurally observed relative bearing. 

l?. On the basis of general conclusion (2) of the above paragraph, 
binaurally observed target bearings were divided into two groups, one for 
the case of the target on t,he quarter and the other for the case of the 
target abaft or beam. In each group all observed points except the two 
most in error were included. These were omitted as being mere. guesses 
on the part of the listener. The results are presented in the following 
tab1e: 

Target on the Quarter 
· Target abaft of Beam 

Acoustic SC Tu.be 
MaX. .:M:Ln. Avg. 

Error ~ - Error 

32° 
15° 

Electro-Acoustic SC Tube 
Max. Min. Avg. 
~ ~ - Error 

n• 
30 

Consi.dered in this way, the electro-acoustic SC tube is quite d~finitely 
superior to the acoustic SC tube as a sound locator. The larger errors 
in the binaurally determined relative target bearings for the case of .a 
target on the quarter are presumably due to the eff' ect of the wake of 
the target ship. 

18. The following table gives the range of the target at the . time 
of the last relative bearing determined by the binaural observers in the 
various runs, and the corresponding error in the determined bearing. 

. Target on the Quarter 
Target Speed 5 knots 

lO knots 
20 knots 

Acoustic SC Tube Electro-Acous~ic ~C Tube 
Max.Target Range Errru: Max.Target Range ~ 

1600 yards 
2000 yards 
6600 yards 

30° 
15° 
130 



Target abaft of Beam 
Target Speed . 5 knots 

10 knots 
20 knots 

. Acoustic SC Tube Electro-Acoustic SC Tube 
Max, Target flange Error Max, T~get Ra.l:!ge ~ 

2600 yards 12° 
3600 yards 4° 
8500 yards 6 ° 

2500 yards 
5000 yards 
6SOO ·yards 

These figures taken from Plates 8 to 13 inclusive should nov be accepted 
without qualification. The noted errors in several cases are a good deal 
less than should 'be · expected from consideration of bearing measurements 
by the same observer with the same equipment for lesser ranges in the 
smile run. sttggesting that an element of luck entered strongly in some 
cases at the extreme ranges• Taking all the data into consideration and 
alloWing·for the difference between the two observers noted in paragraph 
15 abo~e • it is conoluded that the range limit for the two devices is sub­
stantially the same. 

19. As in all listening devices., the range of usefulness is limited 
by the undesired noise, in which or above which the desired noise from 
the target must be identified by the listener. Undesired noise in the 
case of the acoustic SC tube is of three types: (1) water noises of 
various kinds which enter the listening equipment exactly as does the 
desired noise from the target; (2) vibrational noise which enters prin­
cipally through the acoustic transmission ductsJ and (.3) ambient noise 
at the listening station. In the electro-acoustic SC tube these three 
types of noise pllcy" a part and in addition there is noise introduced by 
the associated electrical equipment. 

20. Vibrational noise is minimized in the acoustic SC tube by in­
sulating the transmission ducts of the device against vibration with 
rubber spacers. This insulation was effective enough that vibrational 
noise was not a limiting factor in the subject test. Insulation of the 
microphones of the electro-acoustic SC tube against vibration was pro­
vided, and in this device also,vibratio~l noise was not a limiting factor. 

21. Ambient noise at the listening station during this performance 
test was at a very low level and did not really enter~ a factor. How­
ever, with normal operating activity 1n the forward torpedo room of a 
submarine ani>ient noise might well play an important role. With the 
electro-acoustic SC tu.be, the rubber-capped telephone receivers employed 
vecy effectively insulate the listener against the ambient noise and 
let him take observations in comfort without undue strain or concentra.­
tion. In the case of the acoustic SC tube, the listener uses a stethe­
scope which is not as comfortable for his ears, and vrhich is less 
effective as insulation against ambient noise. 

22. Water noises were the important interference in both SC tubes 
and limited the range of. successful target bearing measurements in both 
cases. In the electro-acoustic SC tube, electrical noise also was of 
some significance. A hum, not noted in the Laboratory, appeared in the 
equiµuent as installed on the 125, presumably due to the difference in 
the primary source of power. This hum was of the same order of magnitude 
as the water noises as heard by the listener, but wns of ~uch a character 
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that target noises could be identified through "it if they could be 
identified through the we.ter noises. It was an added impediment for 
the listener, however, and should be elindnated itt servtce equipment 
if it is ever supplied. The amplification available in the case of 
the electro-acoustic SC tube was, of course; not effective. in extending 
the useful range of the device beyond that of the aoousti.o SC tube as 
both desired and undesired noise were sub~ected to the same amplification. 

. . . 

23. In the eleetro-,.acoustic SC tube, the gain-frequency character­
istic of the binaural amplifiers could be readily changed by the listener 
as described in paragraph 9 of this report. Curiously enough, the first 
of the expm~noed liateners, after trial; chose the low pass 500 c.p.s. 
cut-off frequency characterist:toa whereas the second chose the high pass 
500 c.p.s. ·cut.-.o.i'f frequency characteristic. In the acoustic SC tube, 
the higher frequencies are very much attenuated and the first trained 
1istener1 acouetomed to the acoustic SC tube, was evidently biased by 
his experience to favor the low frequencies for binaural listening. To 
an ine:,i;perienced observer, the choice of tbe second trained listener 
seemed better. Discrimination against the very low i'r04Uencies was ad­
vantageous as the amplii'ier hum was eliminated as an interfering element. 
Aside from this, the higher fidelity of the electrHcoustic SC tube was 
definitely an advantage for the inexperienced listener. With the low 
frequencies only eliminated, the initiate could heal' and recognize the 
target ship, and at near and moderate ranges could center it binaurally. 
The acoustie SO tube with its low-pass characteristic was useless in his 
hands as he could not identify the sound .from the target ship. The ex­
perienced listeners made good bearing measurements on the target using 
each of the various choices of filter insertion in the binaural amplifiers. 
It is believed that a fairly wide band-pass characte:ristic, giving fair 
fidelity but eliminating the very high and the very low frequency compo­
nents, is the most desirable for the average listener. Cut-off frequencies 
of 250 and 1500 c .p.s • are suggested as the limits of a desirable band­
pass characteristic for binaural amplifiers i, 

24, Bearing determinations with the electro-acoustic SC tube were 
successfully made using both minimum and ma.xi.mum telephone receiver 
response, as described in paragraph 10 of this report. These determina­
tions were made ,nth the target at rather close range when the noise from 
the target was well above the background of noise. The minimUm settings 
in these cases nere very definite and sharp and easy to make. The maxi­
mum settings were ratheI" broad and less definite. The target could be 
located, however, at longer ranges using binaural operation of the device. 

Section VI - Conclusions and Recommendations 
I 

25, . The electro-acoustic SC tube as a binaural direction finding . 
device is better than the acoustic SC tube in the following respects: 

(a) 

(b) 

It presents sound energy to the listener's ears at a 
comfortable level. This reduces the strain· on the' · 
listener and is conducive to better results. 

It presents the target noise to the listener with 
greater fidelity than the acoustic SC tube. This 
is an advantage to the average listener, aiding 
recognition and discrimination. 

. _,.., 



(c) As electrical transmission and amplification are 
employed, a desirable frequency transmission char­
acteristic may be rea~ attained in the system 
by means ·already available for comrmmioation oir­
cuj.ts. A characteristic may be chosen'Whioh diS­
criminates against important interfering ~olnponents 
while preserving sufficient fidelity to yield 
ma'dnnun discrimination between desired target noise 
and undesired background hoise. 

(d) In performance. tests, it has determined the rela­
ti'V'e bearing or ·a given target at various ranges 
with appreciab~ greater precision than an acoustic 
SC tube and has a .range limit, set by nter noise 
level, not substantially different from that of 
the acoustic SC tube. 

(e) As telephone receivers are used at the listener's 
ears rather than the stethescope of the acoustic 
SC tube, a certain ha~ard to . the listener is 
avoided. With theaJ.1.,,acoustic instrument there 
is danger of serious damage to the listener 1s ears 
if a depth charge explodes within a certain radius 
of the submarine due to the destructive pressure 
wave which .is set up in such a case. Quite aside 
from this factor of safety introduced by .the electro­
acoustic device, telephone receivers are more com­
fortable to wear than a stethescope, and at the 
same time give the listener a greater degree of 
insulation against ambient noise at the listening 
station. 

26. The electro-acousiiic SC tube compares unfavorably with the 
acoustic SC tube in the following respects: 

(a) It is more complicated, requiring expert maintenance 
and periodic peJ"i'ormance checks with specialized 
awd.liary equipment. 

(b) It is less rugged. The type of microphone which 
is adapted for use in binaural listening equipnent 
is essentially a delicate mechanism. As constructed, 
it is proteoted ·against ordinary changes of hydro­
static pressure, but it is 'questionable whether . 
the protection is sufficient against the rapid 
changes to which it might be subjected during crash 
dives. It is even more questionable whether itis 
adequately.protected against damage by depth charge 
explosions. Further experimentation is necessary 
to determine the adequacy of the protection at 
present provided and to devise adequate protection 
if the existing arrangements are not satisfactory. 
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(c) The low sensitivity of the type of microphone 
which is adapted for use in binaural listening 
equipment makes amplification essential in the 
electro-acoustic SC tube, Its operation is 
therefore dependent upon the ship's power supply, 
of which the acoustic SC tube is completezy in~ 
dependent. 

Z7. Neither the eleotro ... aooustic SC tube nor the acoustic SC tube 
compares fa\rOrabl:y as a Subaqueous direction finding device with.other 
devices already 111 use in the Se:rvice (e.g. the JK). Either one, installed 
in a submarine, WO'Ul,d. be a standby instrwnent. Moreover, the superiority 
0£ the eleotro...a.ooustic SC tube over ·the acoustic SC tube lies principally 
in that it is easier to operate and can give results in the hands of a 
less well trained or gifted operator, · With a well trained operator, 
endowed: with a good power of concentration, substantially the same results 
can be obtained with the acoustic SC tube. In view of these facts, it is 
the considered opinion of this Laboratory that the substitution of an 
el.eotro-acoustic SC tube fo~ the acoustic SC tube in the Naval Service 
i.s not warranted. As a standby ihstrument. · available for use i,n emer­
gencies, the acoustic SC tube; being simple, rugged, and completely 
independent of the ship's power supply, is to be preferred. 

28. In the course of the development and test of the electro­
acoustic SC tube, certain ideas were brought forward and are noted as 
follows: 

(a) An experienced listener in using the electro-acoustic 
SC tube observed that its operation and listening 
qualities were superior to those of the JL type of 
sound locating device, now in use in the Naval 
Service. In a coniparison of these two equipments, 
the electro-acoustic SC tube would definitely hold 
an advantage from the point of view of simplicity, 
bulk, weight, and cost. If there are instances in 
the service where a rotatable sound locating device 
can be instailed quite as well as a non-rotatable 
device, an experimental, comparative performance 
test between the JL and the electro-acoustic SC 
tube should perhaps be carried out in order to deter­
mine the actua1 performance superiority of one over 
the other. 

(b) Inasmuch as the use of electric wave filters in the 
transmission systems of the electro-acoustic SC tube 
improved its performance, it is suggested that an 
all-ac?ustic SC tube.be devised empl~ying acoustic r ~> ·•,,_·~--....... . 
wave filters. In this manner, a desirable trans- i ··--

mission characteristic might be given to the instrii-
ment, improving its performance, without affecting 
its inherent ruggedness and without making it r DEctAss,,=-,,:::""' 
dependent for operation upon the ship's power supply. 
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