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SECTION I 

INTRODUCTION 

1. This report covers work carried on aboard the U.S.S. SEMMES 
by personnel of the Naval Research Laboratory from 6 to 18 November 1939. 
The objective of the work was to provide the SEMMES with calibrated sound 
intensity measuring equipment for measuring in absolute units the per
formance of underwater sound projectors submitted by manufqcturers for 
test. Thip work was a continuation of that covered in a recent letter to 
the Bureau of Engineering (NRI, letter C-S68/8a of 23 October 1939). 

2. The acceptable acoustic performance of an underwater sound pro
jector is set forth in Bureau of Engineering Specifications RE 13A 520D 
of 1 July 1939, paragraphs 7-14 to 7-17 inclusive. ~o determine whether 
or not a given projector meets these specifications, it is necessary that 
the SEl~IES have, in addition to equipment already at hand and in use, a 
calibrated souna sensitive device. Up to the present the SEMMES has been 
limited in making performance tests to relative measurements, wherein the 
performance of a projector under test is compared with that of one already 
accepted and in use. To meet the need, a unit herein designated as the 
T-3 was installed in the new port calibrating well of the SEMMES and was 
calibrated in position by personnel of this Laboratory. The unit was used 
during the subject test period in measuring the performance of several pro
jectors submitted for test by the RCA Manufacturing Company and by the Sub
marine Signal Company. The performance of the projectors as receivers was 
neglected in these tests for lack of time. The purposes of this report 
are to present the calibration of the T-3 and to illustrate its use in 
evaluating in absolute units the performance of a projector as a transmitter. 

SECTION II 

CALIBRATION OF THE T•-3 

3. In calibrating the T-3 as installed on the SDM'IIBS, this Labora
tory has relied upon its own primary standard, a 4-1/2 inch spherical unit 
with a sound sensitive element of quartz. This primary standard is herein 
designated as the Q-1 and its calibration over the frequency range 17 to 
25 kilocycles per second inclusive is presented in Plate 1. This calibra
tion, based on careful absolute sound intensity measure~ents in the Labora
tory at 25 kilocycles per second and checked at 24.25 kilocycles per second 
in the calculable ope-n water sound field of a simple piston source of a 
highly resonant type, the intensity of which was determined by motional 
impedance measurements, is reliable for acceptance tests of projectors 
operating in the frequency range 24 to 25 kilocycles per second- Tb.e.-eali
bration at other frequencies is based on questionable secondary standard~ 
of sound intensity and is accepted by this Laboratory for use only until 
a more reliable calibration can be made. 

4. The calibration of the T-3 is presented in Plate 2. This unit is 
a 6 inch sphere with a sound sensitive element of tourmaline. B~sed on 
that of the Q-1 its calibration is reliable between 24 and 25 kilocycles 
per second and is open to question at other frequencies. The extended cali
bration is for use only until this Laboratory can make available more 
reliable figures. 
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5. The calibration of either unit, of course, gives the relation as 
a funct~on ?f frequency_between the open circuit rms voltage developed by 
the device in a sound field and therms pressure of the sound wave which 
would exist at the point of measurement if the device were not thers. By 
the device, in each case, is meant not simply the sound sensitive elcmant 
but the element in conjunction with its shielded cable as provided for us;. 
The T-3, or the Q-1, as calibrated, reduces sound pressure measurement to 
a simple voltage measurement. The sound intensity and therms sound pressure 
in sea water are reluted by the equation 

where the intensity I 
in bars. 

is in watts/cm2 if therms pressure P is expressed 

6. It is desirable in a calibrated standard that the sensitivity to 
sound as a function of frequency over a considerable range be constant. Un
fortunately, the T-3 is not as good in this respect as is the primary 
standard Q-1, and in the design of new units for calibration, an attempt 
will be made to improve upon the T-3 with respect to flatness of response. 

7. The T-3 is superior to the Q-1, however, in absolute. sensitivity. 
At 24.25 kilocycles per second its sensitivity is ~reater by 9.7 decibels. 
This sensitivity is high enough to eliminate the need for any pre-amplifier 
within the unit itself, and is sufficient to permit not only the measurement 
of the axial sound intensity developed by any average directive projector 
at any of the available positions for measurement in the main sound room of 
the SEMMES, but also the measurement of the complete radiation pattern of 
the projector1with only a simple logarithmic electronic voltmeter as auxili
ary equipment. such a voltmeter, made by the: Ballantine Laboratories, Inc. 
(Model 300), is available on the market, and one of this type was used in 
making measurem0nts in the subject tests. The voltmeter, which has a high 
input impedance, measures directly therms open circuit voltage developed 
by the T-3. 

8. The internal noise of the T-3 and any external noise developed 
around it as installed in the port calibrating well at ship speeds up to 
and including 5 knots was more than 50 decibels b,elow the axial sound in
tensity developed by the poorest of all the projectorG tested in the star
board main well. It is this low noise level which permits the measurement 
of the complete radiation pattern of the average projector with the T-3 
and a voltmeter and without selective amplification. 

SECTION III 

APPLICATION OF THE T-3 TO PROJECTOR TRANSMITTING PERFORMA.~CE TESTS 

9. The SEMMES is now provided in the main sound room with two main 
sound wells designated as port and starboard, and two calibrating wells, 
designated as port and starboard. In ordinary course the projector under 
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' test is mounted in one of the main sound wells and a standard I'eference 
projector in the other. In the subject tests, the T-3 was mounted in the 
port calibrating well, and the starboard calibrating well :was not used. 
Eventually a second calibrated unit will be provicted for the starboard 
calibrating well to be used for standby and checking purposes. This dis
position of wells allows intensity measurements at 11 feet 9 inches, 
8 feet 10 inches, or, if one of the main wells is used for mounting a 
calibrated unit instead of a reference projector, at 4 feet 10 inches. 
These are distances between the centers of the supporting tubes of the 
respective wells and give corrected distances of 137, 102, and 54 inches, 
respectively, between the face of the projector under test and the sound 
sensitive face of the calibrated unit. 

10. The radiation pattern of the QC-5 (19 inch) projector (SEMMES 
equipment) as measured by the T-3 at 102 inches is presented in Plate 3, 
The same pattern as measured by the T-3 at 137 inches is presented for 
comparison in Plate 4, Water conditions at the time of measurements at 
137 inches were very poor. For the measuremant of a radiation pattern 
a calibrated unit is not essential as intensity measurements at various 
bearings are relative to the axial intensity. However, in these and in 
previous tests, the pattern of a given projector taken simultaneously at 
different distances (160 fBet, 60 feet, 137 inches, 102 inches) have shown 
no essential differences, and the ease and rapidity with which the pattern 
may be measured with the T-3 make it desirable that in the future all radi
ation patterns be taken with it or a similar device at either 102 or 
137 inches as convenience dictates. The electronic voltmeter described 
above is calibrated not only in volts, but also in decibels, and the data 
for the usual polar plot can be taken nearly as fast as they can be re
corded, if water conditions are reasonably good. The short water path 
between projector and the T-3 makes for a high signal to noise ratio, and 
patterns in these tests were successfully measured with water conditions 
such that the patterns could not be successfully measured with the D-2 
at 160 feet. The usual inititl adjustments, such as the training of the 
projector under test and the measuring unit on ea.ch other, the tuning of 
the projector and the regulation of' the power applied to the projector are 
considerably expedited by the fact that the voltmeter across the T-3 is 
in direct view of the person making these adjustments. Telephone cow.muni
cation between the main so\J,nd room and the measuring point is not necessary. 
A comparison between the radiation pattern as measured with this equipment 
and an acceptable pattern as set forth in Bureau of Engineering Specifica
tions RE 13A 520D of 1 July 19.39, paragraphs 7-14(a} and (b), can be readily 
made and no comment need be maue here. 

11. In Plate 5 the resonance curve of the QC-5 (19 inch) projector is 
presented as measured by the T-3 at 102 inches and at 137 inches. The curve 
as measured by the Q-1 at 137 inches is also presented on the same plate. 
The three curves indicate the variation of the axial sound intensity devel
oped by the projector at the respective distances as the frequency of the 
driving current is varied. Maximum intensity occurs at 24.25 kilocycles 
per second and this is the resonant frequency of the projector. The width 
0£ the curve 3 decibels aown from the peak is not the same in the three 
cases, ranging from 340 to 360 cycles per second. This discrepancy 
indicates the order of precision of measure of this particular quantity. 
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The mechanical selectivity of the projector, fo/ !J.f' or effective Q, 
lies between 67 and 71. 

J2 . The curves of Plate 5 with the calibration curves of Plates l 
and 2 give three sets of data for the calculation of the axial sound in
tensity developed by the projector W1der the given conditions (normal 
high power, normal polarization, and at resonance) at tha respective dis•
t ances. If K1 be the calibration constant of the calibrated unit at 
the appropriate frequency in microvolts per bar, and if E0 be· the voltage 
in volts developed by the unit, the intensity in watts per square centi
meter is given by the equation 

(1) 

In the case of the T-3, K1 at 24~25 kilocycles per second is 1.93 micro
volts per bar (see Plate 2 ). In the case of the Q-1, K1 at 24.25 kilo
cycles per second is 0.630 microvolt per bar (see Plate 1). At 137 inches 
the T-3 developed 0.321 volt and at 102 inches it developed 0.428 volt . 
At 137 inche.s the Q-1 developed 0.105 volt. (For these figures, see 
Plate 5,) Hence the axial sound intensity at 137 inches developed by the 
projector was 0.0179 watts per square centimeter or 17.9 □illiwatts per 
square centimeter as measured by either the Q-1 or the T-3. At 102 inches 
the axial sound intensity developed by the projector was 0,0318 watts per 
Sq\ti.:.l"l1 c!lptimeter or 31.8 milliwatts per square centimeter. 

lJ. In Bureau of Engineeri.~g Specifications RE 13A 520D of 1 July 1939 
the acceptable axial sound intensity for a projector is set forth in para
graph 7-14c. At the time these specifications were written, the calibrating 
wells on the SEMMES did not exist and intensity measurements at 54 inches 
were contemplated; that is, the calibra ted unit was to be mounted in one of 
the main sound wells while the projector under test was to be mounted in 
the other. Tuleasurements at 51~ inches are of questionable validity as the 
calibrated unit is close enough to the projector to react on it, and further
more, the sound intensity so close to the projector is not simply related to 
the intensity at long distances. Large errors in the estimate of the per
formance of a projector may occur if it is based on an intensity measure
ment a t the very short distance . Now that the port and starboard cali
brating wells are available for use, it is recommended that paragraph 7-lkc 
of the specifications be revisad so th9.t the acceptable performance of a 
projector will be based on measurements of axial sound intensity at either 
102 or 137 inches. 

14, In the absence of actual intensity measurements a t 54 inches in 
the subject tests calculated values must be used, based on intensity 
measurements at 102 or 137 inches. The relation between the intens ity at 
54 inches and that at 102 inches is given by the equation: 
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where the two intensities are expressed in the same units and where z2 is a constant which may be read by interpolation from the family of 
cur-ves presented in Plate 6(a). The relation between the intensity at 
54 inches and that at 137 inches is given by the equation 

(3) 

In this case K3 is a constant which may be read by interpolation from 
the family of curires presented in Plate 6(b). The value of the intensity 
at 54 inches as computed is to be compared with the required value as set 
forth in paragraph 7-14c of Bureau of Engineering Specifications RE 13A 520D 
of 1 July 1939. This conversion formula may be used without injustice to 
either the Navy or the manufacturer with pro,iectors having acceptable and 
symmetric radiation patterns. The intensity at 54 inches as computed is 
the intensity developed by a simple piston source mou.>1ted in the same posi
tion as the projector under test which would also develop the measured in
tensity at 102 or 137 inches and at the same time have a radiation pattern 
with substantially the same main beam with respect to its width as measured 
at the -10 decibel points. 

15. In the case of the QC-5 (19 inch) projector, the measurea axial 
sound intensity was 17.9 milliwatts per square centimeter at 137 inches 
and 31.8 milliwatts per square centimeter at 102 inches. (See Section III, 
paragraph 12 above.) Examination of Plates 3 and 4 shows that the main 
beam of this projector, measured at the -10 decibel points, is 19 degrees 
wide. The reso~ant frequency is 24.25 kilocycles per second. By reference 
to Plate 6(a) and (b), it is found that K2 for this beam width and fre
quency is. 0.941 and that K3 is 0.931. It follows by equations (2) and 
(3) that 

15411 = 3.57 x 0.941 x 31.8 = 107 milliwatts/cm2 

or 15411 = 6.44 x 0.931 x 17.9 = 107 milliwatts/cm
2 

This projector has an actual face diameter of 15.75 inches. The specifica
tions require an axial sound intensity at 54 inches of 

60 x l5.?5 
15 

or 63 milliwatts/cm2 

for a projector of this diameter. In this respect the performance of the 
QC-5 (19 inch) projector is satisfactory. 

16. Additional curves are presented in Plates 7 and 8 to permit the 
rapid determination of the total sound output of the effective simple 
piston described above. If the axial sound intensity in watte per square 
centimeter measured at 102 inches is IJ 02,., the t~tal ~ound output of 
the effective piston in watts is given oy tha relationship 

(Sound Power)= 0.114 X 106 X K4 X sin2 e-10 db X 110211 (4) 
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where K~ is a constant which may be read by interpolation from the 
family of curves_pres7nted in Plate 7(a) and where sin2 e may be read 
from the curve given :ui Plate 8. 8°_10 db is one-half the width in 

deg~ees of the main beam as measured from the radiation pattern of the 
proJector at the -10 decibel points. If the axial intensity in watts 
per square centimeter measured at 137 inches is Il.3?" the total sound 
output of the effective piston in watts is given by the relationship: 

·: (Sound Power) = 0.205 x 106 x K5 x sin2 e_
10 

db x I
137

" (5) 

K5 in this case is read by interpolation from the family of curves given 
in Plate 7(b). In the case of the QC-5 (19 inch) projector, as stated 
above, 20°_10 db is 19° and the resonant frequency is 24.25 kilocycles per 
second. 0°_10 db is 9.5°. Consequently from Plate 7(a) and (b) 

K4 = 1.024 and K5 = 1.013, and from Plate 8, sin2 0°_
10 

db - 0.0272. 

The measured intensi1y at 102 inches was 0.0318 watts per square centimeter 
and at 137 inches was 0.0179 watts per square centimeter. Hence by 
equation (4) 

(Sound Power)= 0.114 x 106 x 1..024 x 0.0272 x 0.0318 = 101 watts 

and by equation (5) 

(Sound Power)= 0.205 x 106 x 1.013 x 0.0272 x 0.0179 = 101 watts 

This value of total sound power in conjunction with the me~sured value 
of electrical power applied to the proj&ctor is useful in estimating the 
effective acoustic efficiency attained. 

SECTION IV 

DISCUSSION OF THE PROJECTOR TRANSMITTING PERFOR~E MEASUREMENTS 

17. In measuring the axial intensity developed by a projector under 
a ship, a question immediately arises as to tho magnitude of errors intro
duced by undesired reflection of sound to the measuring unit from the hull 
of the ship. Measurements ma.de at 54 inches from the projector face are 
certainly free from appreciable error in this respect, but are open to 
question on other grounds mentioned above. Measurements ut 102 or 137 inch
es are undoubtedly influenced by the reflections but, that the error, with 
a directive projector as the object of study, is negligible is indicated 
by the following evidence. 

(a) A non-resonant projector (NP.L Quartz Analyzer) was mounted in 
the starboard main well of the SEMMES and used as a sound source. The 
axial intensity developed by this projector was measured with the Q-1 at 
54 and at 102 inches at various frequencies between 16 and 36 kilocycles 
per second. At 54 inches the reflection cannot play a significant part 
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and at 102 inches it can. The part it plays at 102 inches should depend 
upon the frequency as the reflected wave will vary in amplitude and in
phase with respect to the direct wave as a function of frequency. However, 
plotting the intensity in the two cases against frequency and correcting 
for the difference in absolute level because of the difference in length 
of ipath, two curves were obtained which differed at any frequency in the 
range by no more than 1/2 decibel from the mean of the two curves. The 
experimental error of measurement was of this order. A similar experiment 
was carried through with the same sound source first moun.ted in the port 
main well and then in the starboard main well, measuring the axial intensity 
in these cases with the T-3 mounted in the port calibrating well. Here 
the difference at any frequency in the range from the mean of the two curves 
was even less than in the previous case. Evidently, the error introduced 

.• 

by hull reflections in the measurement of the transmitting performance of 
n directive projector by methods described in this report is not serious. 

(b) Additional evidence is presented in the agreement between the 
measured and calculated value of the ratio of the axial intensity developed 
by the QC-5 (19 inch) projector at 102 inches to that developed at 137 
inches. The measured intensity ratio is (428/321) 2 or 1.778. The calcu
lated ratio is 1.7.83. 

SECTION V 

DISCUSSION OF fu.7'ERENCE PROJEC'IDRS - U.S.S. SEMMES 

18. The QC-5 (19 inch) projector, the transmitting performance char
acteristics of which have been presented in the body of this report as an 
illustration of the use of the T-3 in making performance measurements, 
resonates at 24.25 kilocycles per second, and has been used by the ship in 
recent months as the reference in making relative performance mea$urements 
of test projectors, operating at or rn:,ar this frequency. Prior to the 
acquisition of this projector, the SE!'aYlES used as a reference a QC-5 
(17-inch) projector resonating at 23.6 kilocycles per second. The SEMMES 
has reported the axial sound inten~ity developed at 160 feet by the new 
reference projector to be 7.5 decibels above that developed at the same 
distance by the old. Since 1937 this Laborato~y has reported to the Bureau 
of Engineering the performance characteristics of certain projectors in 
absolute terms as well as in relative t~r•s. (NRL Reports No. S-1554 of 
17 August 1939, No. S-1514 of 6 February 1939, and No. S-1404 of 5 October 
1937.) The primary standard of the Laborn tory upon which these reports 
were based was the Q-1 of this report ~nd the reference projector was the 
old SEraAES reference, the QC-5 (17 inch) projector. The calibration of 
the Q-1 as presented in this report is a revision of that used in the 
older reports arrl is more reliable. By the old calibration as recorded 
in older reports,the SEUMES reference QC-5 (17 inch) projector radiated 
33 watts (normal high power, normal polarization, and at resonance) and 
developed a calculated axial sound intensity at 160 feet of 34 microwatts 
per square centimeter. This projector had a beam width measured at the 
-10 decibel points of 21.4° and developed a measured axial intensity at 
5k incres of 39 milliwatts per square centimeter. Applying the new and 
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better calibration of the Q-1 to the original data for this projector, it 
is found that it developed a measured axial intensity at 54 inches of 21 
milliwatts per square centimeter, radiated 24 watts, and developed a cal
culated axial sound intensity at 160 feet of 17 microwatts per square 
centimeter. The calculated axial sound intensity developed at 160 feet 
by the new reference QC-5(19 inch) projector (normal high power, normal 
polarization, and at resonance) is 92.2 microwatts per square centimeter. 
The ratio of the calculated intensities of the two reference projectors 
at 160 feet is therefore, 92.2/17 or 5.42 or 7.3 decibel~. This compares 
satisfactorily with the value measured and r eported by the SEMMES. 

SECTION VI 

CONCLUSIONS AND RECOMMENDATIONS 

19. A calibrated sound sensitive unit designated as the T-3 was in
stalled in the port calibrating well of the u.s.s. SEMMES for the test 
period 6 to 18 November 1939. This unit was employed in testing the trans
mitting performance of various projectors submitted for test by the RCA 
Manufacturing Company and by the Submarine Signal Company. This report 
presents the calibration of this unit and illustrates the use of the cali
bration in evaluating in absolute terms the transmitting characteristics 
of a specimen projector. It is recommended that this calibration be used 
in a . similar manner to evaluate in absolute terms the transmitting per
formance of all the projectors tested in the subject period for compa.rison 
with the acceptable performance as set forth in Bureau of Engineering Speci
fications RE 13A 520D of 1 July 1939, paragraphs 7-14 a, b, and c. 

20. The T-3 installed on a temporary basis for the subject test 
period, operated satisfactorily and considerably expedited the work in
volved in making performance tests of underwater, sound projectors. If 
this unit or one similar to it is to be added to the regular equipment 
of the SE~llJFS, it should be provided w:ith a different type of shielded 
cable to increase its mechanical arrl electrical stability and to insure 
the watertight integrity of the complete unit. Additional work should be 
carried on by this Laboratory to extend the frequency range of reliable 
calibration of sound intensity measuring devices and a frequency response 
characteristic flatter than that of the T-3 should be an objective in the 
design of any new unit to perform the srune function. 

21. Because of lack of time, the T-3 was not used during the subject 
test period to measure the receiving performance characteristics of any 
of the test projectors for comparison with the acceptable performance as 
set forth in the specifications. It is adapted, however, for making these 
measurements also, and it is recommended that this Laboratory be given op
portunity aboard the SEMMES for comparing and checking various procedures 
to establish a preferred starrlardized receiving performance test. 

22. In the body of this report are given in absolute terms the trans
mitting performance characteristics of the QC-5 (19 inch) projector used 
in recent months by· the SEMMES as the r~ference projector in making rela
tive performance tests of proj~ctors operating at or neap 24 kilocycles 



per second. Also given are the transmitting performance characteristics of 
the QC-5 (17 inch) projector used cy the SEMMES for the same purpose prior 
to the acquisition of the new reference projector. The characteristics of 
the older reference are a revision of those pr~viously reported by this 
Laboratory and are believed to be more reliable. These characteristics 
are presented to relate the relative measurements of the old test procedure 
to the absolute measurements of the new. 

23. Now that the calibrating wells are available for use on the 
SEMMES, it is recommended that Bureau of Engineering Specifications 
RE 13A 520D of 1 July 1939, paragraph 7-14 (C) be revised to base the 
acceptable axial sound inten~ity developed by a projector with a satis
factory radiation pattern and with a given driving power applied on 
measurements at 137 inches or 102 inches, rather than on measurements 
at 54 inches. 
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