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DESIGN OF AN AUTOMATIC OCTAVE SCUND
ANALYZER AND RECORDER

I. Introduction

This report describes an automatic apparatus
which is suitable for analyzing and measuring sound
in combat vehicles., Although it was designed with
a specific purpose in mind, its several novel
features will make it useful for many types of acous-
tical measurements.,

Since December 1, 1940 a project entitled
"Research on Sound Control" has been in progress at
Harvard University, under the auspices of the National
Defense Research Committee.® One of the major prob=
lems of this project has been to measure sound levels
in United States military airplanes, -and to devise
from these measurements suitable techniques for estim-
ating sound,levels from blue prrint and assumed flight
data.

At the beginning of the project it was believed
that the proper apparatus for measuring sound should
include means for analyzing the total nolse into its
various frequency components. To do this an Electri-
cal Research Products, Inc. RA-277 G sound frequency
analyzer was purchesed. This instrument, when used
with a suitable graphic level recorder, permitted
analysls of noise over a frequency range from 40 to
10,000 cycles per second by means of a 5 cycle wide
or 200 cycle wide band pess filter. From these early
tests it was learned that airplane nolse 1s of three
essential types:

that produced by the propeller,

that produced by the engine exhaust, and
that produced by alr leaks and aerodynamic
flow.

The first type of nolse, namely, that produced by
the propeller, consists of a fundamental component of
50 to 100 cycles per second and various harmonic com-
ponents., Usually the fundamental and second harmonic

# Until recently this project was under the jurisdiction
of the Natlonal Research Council Cormiittee on Sound Con-
trol. This Committee has been dissolved and the work is
now under the jurisdiction of Section C-9 of the I.D.R.C.




are approximately equal in intensity when measured

inside the airplane. The exhaust noise usually has
its fundamental below 200 cycles per second and 1s

usually less intense than the propeller noise.

After obtaining a number of curves of sound
level vs, freguency in five cycle band widths, it
was found that two successive sets of data did not
yield exactly the same curves, especially in the
frequency region below 200 cycles per second. This
was due to "beats" occurring between the tones pro-
duced by the two propellers of the airplane. These
beats caused varlations in in.ensity of as much as
15 decibels. In the higher frejuency region, above
200 c.pes., the noise was found to result almost
entirely from aerodynanic sourcecs and coatained all
frequencies., In this frequency range it was con-
cluded that 5 cycle band analyses yielded no inform-
ation that could not be obtained by a wider, say
octave, band pass filter., Also, because of the great
detail in the 5 cycle band curves, it was found
impractical to set up a computational method for
estimating sound levels which would yield such a
curve in its entirety.

On the basis of the above experipnce it was de-
cided to measure sound levels in octave bands, and a
suitable octave band pass filter set was purchased,
an E.R.P.I. RA-243. Comparison betwecen data taken
with 1t, and data taken with the 5 cycle and 200 cycle
wide band filters is shown in Fig. 1., 1In these data
it 1s seen that a total of 14 bands plus an overall
band were used. The number of bands was reduced

later one-half by choosing the following bands for
tests:

Below 75 CeDeSe
75 150 i
150 - 300 p
300 600 "
800 1200 W
1200 2400 iy
2400 4800 W
Above 4800 "

Much of our data was taken using this apparatus in
conjunction with an E,R.P,I. RA-277G sound frequency

analyzer and an E.RK.P.I. RA=246 graphic level
recorder,
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These three units were admirably suited for the
purposes for which they were intended, but they
possessed three characteristics which it was felt
were undesirable:

(a) they could not be operated remotely,

(b) they could not be operated on low voltage
direct current, and

(c) they were undesirably heavy and bulky.

With these factors as a starting point, new
apparatus was then dezigned using as part of it the
E.R.P.I. band pass filter set and graphic level
recorder, It accomplished the job of determining,
either manually or automatically, sound levels in
alrplanes by octave bands. The apparatus is reliable,
simple to install, and 1s as compact as possible., 1In
addltion, it is flexible in operation in that it can
be operated either by the pilot or by an observer
stationed in the airplane, and its power supply is
completely independent of the plane's supply.

The complete system is composed of the following
units which are described in succeeding sections of
this report;

(2) a dynamic microphone, the W.E. 630-A or
633-A,
an octave band-pass filter set, the
E.R.P.I. RA-243,
a sound level neter, Cruft design,
an automatic graphiec level recorder,
E.R.P.I. RA-246, modified at Cruft
Laboratory,
a battery power supply, and
a hand-held remote control unit, Cruft
desi@'l-

In its final form it is possible to install the
equipment in a rear compartment of an airplane, and
to place in the hands of the pilot the simple-hand=-
held control unit. After the pilot has reached his
altitude and has set up the flight conditions desired,
he then needs only to press the button on the remote
control unit. This button sets into operation the
automatic apparatus which measures the sound level in
each of the frequency bands, and records the information
on a wax paper roll., After finishing one complete
frequency analysis, namely, the eight bands and an




overall position, the apparatus shuts off. The pilot
can then set up new flight conditions, change the
position of the microphone, and repeat the cycle of
measurenments,




II. Qperation

The units which comprise the complete apparatus
for analyzing and recording sound levels in airplanes
are designed for any one of three methods of opera=-
tion, depending on space requirements, and whether
data are to be recorded automatically or taken manually.
These methods are shown schematically in Fig. 2.

The "normal® method of operation is the most
efficient electrically and permits automatic recording
of data. It consists of a mimimum number of units to
be handled as shown in Fig. 3. 1In this figure, the
graphic level recorder and 1ts power supply are coupled
together into one unit at the right, while the filter
set and the sound level meter with its power supply
are connected into one unit at the left. The dynamic
microphone 1is at the left on top of the sound-level
meter, and the hand-held remote control unit is in
the foreground. By this method of operation it is
possible to obtain five hours of continuous analysis
and recording, without recharging the 6 volt storage
bﬂ.tteryo

The space occupied by the sound level meter and
filter as one unit is approximately 19" x 18" x 11"
high, with a total weight of approximately 124 pounds,
0f this, 62 pounds are for the filter szt, and 62
pounds for the sound level meter including 15 pounds
of batteries -- one "A" battery and two "B" batteries,

The space required by the recorder and the power
supply coupled together as one unit 1s approximatel
19" x 18" x 12" high. The power supply with two "Al
batteries and a spacer weighs about 55 pounds, plus
50 pounds for the recorder, giving a total welght for
this unit of approximately 105 pounds. The total
weight of the complete system for "normal" operation
with cables, microphone, and remote control unit is
approximately 240 pounds.

The microphone on the sound level meter and the
remote control unit in the foreground (Fig. 3), are
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the two units required by the operator for complete
control for sautoriatic recording of sound levels
through eight octeve bands and an overall rosition,
Cnce the recorder has been celibrated and adjusted,
uvsing tiie oscillator in the sound level .ieter, and
the nmicrophione position has been determined, the only
operations to start a cycle of meesurerents are to
turn the recordcr motor swltch, which is on the rear
of tlie hand-held remote control unit, to 01", and to
cepress the push button switch until the 1light

tlinks once. Thereupon, the units will continue
through one cycle of octave besnds, an overall Hosi-
tion, and stop auvtomatically. The nicroniione can
then be changed to a different position, und the next
cycle of operaticn vegun by depressing the rush dutton
switch until the 11kt blinks agein.

when space requilre:;ents prohibit the use of units
&s large as in Fig. &, esnd recording of duts is also
requirec, they may ve arranced us shown ia Filg. 4
(remote control :uiethiod WAW) wilth the sound level
meter out of its case, and the granhic level recorder
and bgttery supply scparsted. Due to the losses in
tiie connecting cables, the totul time for operation
1s only about tiiree lLiours, as conparccd to the five
hours ia the "normal® method. The methol of control
here is exectly as in tke sbove schene, i.e¢., the
operator needs to lhandle only tlie microphone and the
small remote hand-held control unilt,

The filter, recorder, and power sup»ly in tuils
arrangement eacl require a snace apnroxinetely 1oY x
oW x 12¥ high., The sound level meter, as chown in
Fic. 4, is approximately C" x 12" x ¢ 1/2" hnigh.
The total weight is slightly less than tuaat of the
first metliod of operation due to the elinmingtion of
one case, and tlhe addition of &« nuiber of cables,

For extreme comractness, at the exycnse of
omitting auvtomatic recording of date, it is possible
to decreuase the total number of pleces to the arrange-
ment shown in Fig. 5 (re:ote control method W3W),

The sound level zieter 1s used as a remote control
unit. The filter permits octuve band analyses. 3oth
units are supplied power from the small bgttery box
at the right.

In this arrangemnent, it 1s necessary to advance
the filter manually by means of tiic push button on










12

the sound level meter, The indicator on the left of
the sound level meter panel will indicate the position
of the filter switch, once the filter is brought into
synchronism by advancing the indicator through one
complete cycle. Then, the sound level of a particular
octave band, or of the complete spectrum can be
obtained by adding together the readin;s of the atten-
uator, the output meter, and a correction factor,

The minimum space required here is 19% x 9% x
11" high for the filter unit (approximately 62
pounds); a space approximately 7" x 8" x 11" nigh
for the small battery box which weighs 25 pounds with
one "AY" battery and two "B" batteries; and 8" x 12"
x 6 1/2" high for the sound level meter which weighs
approximately 21 pounds. The total weight including
cables and microphone for this method is approximately
115 pounds,




III. BenG-Pass Filter

The band-puss filter used in this equipment
is an E.R.P.I., Ri=243 filter, modified by the addi-
tion of a specially designed 20 position rotary
rmltiple-banlk: switch, a solenoid mechanism for advanc-
ing tkhe switelh, and an automatic attenuator (See
Fig. 6). The filter and switch provide a sequence
of ten band positions us follows:

Overall
Below 75 cC.DP.S.
75 = 150 c.p.s.
150 = 300 c.p.s.
300 - 600 c.p«s.
600 - 1200 c.p.s.
1200 - 2400 c.p.S.
2400 - 4800 c.p.sS.
4800 and above and a
second overall position

For one complete revolution of the switch, the
above sequence occurs twice,

In recording & sequence of filter positions on
the graphic level recorder (described in a lgter
section), it is frequently found that the range of
levels in the different bands is more than the 50 db
range of the grephic level recorder. Thls is due to
the very high levels encountered in the “overall®
position end the low frequency octave bands, with
respect to the high frequency octave bands. By in-
serting a resistive network designed to introduce
varying steps of attenuation of the signal between
the output of the filter and tlhie input of the ampli-
fier, it is possible to obtain a range of signals
impressed on the recorder which the recorder can ac-
commodate., This 1s especially useful in the lust
two methods of operation discussed in the previous
section,

The mechanism for advancing the switch in steps
to provide automatic octave band analyses, is a
solenoid stepper which ls controlled by a relay
which receives impulses from a microswitch located
in the graphic level recorder., The microswitch closes
the relay circuit approximately every six seconds
only when the recorder motor is on. The relay can
also be operated by push buttons located on the sound
level meter, and the band-pass filter.
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The schematic diagram of the octave band-pass
filter set and the automatic attenuator is shown
in Fig. 7. The wiring diagram, also showing in
part the control circuits locuted in the filter,
is given 1n Fig. 8. The complete control circuit

is shown in the schematic control circult diagram
rig. 9.

Automatic Attenugtor:

The construction of tlie attenuator for provid-
ing the various insertion losses is shown in Fig., 10
The desirecd attenuation in cdecibels in each band
to impress a aminimum renge of signals on the recorder
is as follows:

Bend position Attenuction

Overall

3elow 75
75 - 150
150 - 300
S00 600

20 db
20 db
20 db
15 ¢b
10 ¢b
6 db
0 db
0 db
0 db

1200 2400
2400 4800
Above 4800

600 = 1200

The varlous resistors were wound with silk
covered manganin wire by & non-inductive (bi-filar)
nethod. To nmoistur«proof eesch section, several
coats of clear glyptal were applled,

Multiple-3ank Rotary Switch:

The design of a switch for providing the switch-
ing sequences required, demanded a compromise between
unfailing contacts, {(under extreme vibration en-
countered in planes) therefore, low contact resis-
tances, and low contact pressures In order to reduce
to a mininmum the torque necessury to rotate the
switch. TNone of the commerclally designed swltches
available was satisfauctory from the torque standpoint.
lience, a swltcli of suitable design was constructed in
the Cruft Shop &s siiovn in Fig. 11. A4ll contacts in
the switch are solid silver. The stationury contacts
are soft silver, and the rotor paddles are cold rolled
to provide satisfactory springiness. Lach arn of
the rotor lias two contact paddles, one on each sice
of the stationary contact. Eence, the contact forces
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act in o»posite directions and insure that the switch
does not open, regardless of wilch direction vibra-
tional forces act.

The switch shaft is of linen base baltelite
coupled to & steel driving shaft wlth a universzal
Joint. The driving end of tle switch is a revised
Guardian Electric Stepper Type G-32185. The adjust-
nent of the stop for the rctclied wheel ls very
eritical, and one type of adjustable, frictionless,
non-overthirow stop is shown in Fig. 12. The shock
of stopplng 1s talten by the lower set-screw and the
ratchet arm, while the upper set-screw is adjusted
for & slight anount of clearance in tlhie normzl re-
leased posltion to effectively rprevent overtirow
due to tlie inertia of the shaft, rotors, etc., The
tension of the return spring is determined by the
minimum voltage at which the stepper is to fall and
the ninimum energy to be stored in it on the closing
of th'e solenoid.

It will be noted that switch sections 1 end 7
(Fig. 8) have double the number of contacts of the
other sections. These extra contacts are provided to
ground the input and output circuits between switch
positions. Section 8 of the switch 1s for the auto-
matic attenuator. Section 5 (Fig. &) provices a
normally open S.P.5.T. switch for the interlock cir-
cult to keep the auxiliary filter position incicator
in the sound level meter in step with the position
dial on the filter set panel, and also a normally
closed S.P.S.T. switch to stop the automatic filter
advance niechanism at the end of a sequence of bands,







IV Sound Tcvel ileter

The sound level rneter conslists of a five-
stage amplifier stabillzed with degenerative
feedbeek, cnd ils designed to operate out of the
revised RA-243 band paess filter, or the V.E.
tyme 633-h (or C30-A) miicrophone.® The amplifier
is calibrated to read acverage scund pressures
in deceibels (with a reference pressure of 0.000204
dynes/cr1.2) when the proper corrections have
been mcde &s described in a later section. The
outout circult is also provided withi a Cannon
rlug to operate into the graphic level recorder.

A total gain of epproximutely 11J db is
obtained witih the circull arrangemuents as shown
in FPig. 15, The input and output stages are
coupled with U.1.C. transforamesrs LS-14X und
A-26 respectively, civing 30 ohms input impedance,
and 500 orms output impedence. It will be observed
tlat all the tubes employed are of the 6.9
volt filament typc. Taeze were chosen because
all lower voltage types were too micrcophonice.
Lxtreme stability 1s obtained by use of negative
fecedbaclk circuits which takes care of, in ad-

dztion to the variations in tube characteristics,
a wider rangc of buttery voltuges than will be
obtained in service. Control for various gains
is by a Daven CP - 350Y attenuator with & db
steps, and a total attenvation of 70.4b.

To provlde a signal for csalibration cf the
crephic level recorcer, an oscillgtor (R-C cir-
cult) is bullt into the last two sztages of the
amplifier, and is controlled by an on=-off
toggle switch on the panel. Power (at €0 v.,
67-1/2 v., 22-1/2 v., and 6 v.) is obtained
thirough tie 1l5-terminal Jones »lug which is
supplled ecither from tiic power supply adjacent
to tiie graphic level recorder, or the power
supply adjecent to tie sound level uncter,

*Information from the manufacturcr indicates that
the W.L. 630-A micropnone is no longer being mean-
ufacturcd or is procureblc. This cxplains the
reason why the 630-A wus selected for use with the
sound level nieter.
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The output meter is a standard Weston
model 301 type 20. This meter also serves to
read the voltages of the "A" and "B" supply
for the amplifier, as well as the "A" supply for
the recorder. The meter deflection 1s so determined
that batteries must be replaced when the meter reads
below "O" db in the various positions. In order to
permit a check between the recorder and the output
meter, the circuit has been designed to permit the
meter to be left on when the recorder is operating.

A nonitoring jack 1s also provided ln the output
circuit to jernit either phones or cathode ray oscillo-
scope to be used.

Since in one of tilie nethiods of operution the
anplifler is also uscd as & remote control unit, the
aanlifler case must be extrenely rugced and well
shielcded to permit nounting in ¢ pilot's cockpit.

In Figs. 14, 15, and 1¢ tlic asseubly of the chassis
Iinto the liousing and then into the casc can be seen.

To rermit tle cbservation of tiie fllter position
wien thie sound level icter is used zas a reuote con-
trol unit, it was necessary to design an asuxiliary
diel indicator (Fig. 17) wiiecl would cutomatically
reriein in sten witlr the Iilter set ¢iel. For an ad-
vance niechaniamn, « Vestery Llectric nessaze register
(Type 5-L) was revised mechanically anc electrically.

The indexing of tlie cam was reversed so that the
shaft was indexed on the releuse stroke of the clapper,
The 5-L type Western Ilectric register weas designed
originally to index on the closing of the nmagnetle
circuit,

Because of the limited force which the magnetic
circuit will exert, the bearings for the snaft must
provide an easy running fit for the shaft, on wkich
are nounted three cams and a dial plate. These parts
possess considerable incrtia, and overtravel prevents
exect indexing. To overcome thils, & double acting
pevl 1s employed which strikes on g cam, tlie same as

the driving cam, except having teeth pointing in the
opposite direction of tlie driving cam. Thals pernits
accurate locatlon of cach advance of tlie shaft without
tiie use of friction.,
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A circular metal can with an insulated sepgment
is also mounted on tliie disl shaft which provides a
normally closed S.”.3.T. switchi to complete thie inter-
lock scheme with the normally open S.P.S.T. swltch In
sectlon 6 of the rotury switch bank in the llltcr set.
All of these detalls may be seen in Figs. 186 and 19.







V. lipdlfied RA-2:16 Gruphic Level Recorder

he mejor deficiencies of the standard E.R.P.I.
RA-246 Graphic Level Recorder for the purposes it
vas to serve in this equiprent, were its lack of D.C.
operation and lack of rewinding facilitles for the
wax-paper tepe. To keep the recorder evailable for
possible A.C. operation, the chenges from A,C. to 6
volt D,C. operation were accomplished by installing
a simple switcliing unit, a lallory Vibrapack, and re=-
placing the A.C. motor with a D.C, notor (a Delco
Service Part 5047473) in the same mounting frame.
The schenatlc diagram iIn Pig. 20 sltows the cilrcult
additions and changes made in the recorder,

The 8 prong Jones plug at the rear of the chassis
(Fig.21) connects to the large battery box adjacent
to it in normul operation (or connected with a cable),
and provides power to onerate the Kallory VP-504
Vibrepack, the filaiients and B supply for the ampli-
fler, as well as power for the sutomatic filter ad-
vence in control method Al

In order to accomnodate the rewlind iechanlsn,
e nurber of tlie recorder elements liad to be shifted
as shown In Figs. 21 erd 22. The drive for tle re-
wind spool wa: cbtained by mountinyg & split pulley
on the upper sheflt which drives the netel nerking
roll (Fig. 22). A 1" diameter V-grooved pulley on
this shaft transnmits sulficient torque thrcugh a
spring belt to a 3/4" dia V-pulley on the spool to
wind very nearly &« full roll of tape with reasonable
tightness, Removal and insertion is fool-proof and
simple as 1s evidenced in Figs. 22, 23, and 24, An
apron (Fig. 22) was added to permit clearance for the
index relay as well as to provide a surface for making
notations on the tape. To permit cccess to the tape
without removing the recordéer from the case, a snull
double-hinged door wes bullt into the case as shown
in Fig. &.

The icdler shaft in tie gear-change Lox of the
recorder was found to have a period of arproximately
six seconds under load conditions, which proved to
be an ideal source for a positive impulse to advance
the filter from band to bend. This period allowed
sufficient time for the recorder to obtain a reading,
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A normally open £,P.5.T. nicroswitch was mounted to
operate from a cam on the idler slhiaft. The micro-
switch coantrols the sutomatic filter-advance circult
by closing the relay wlhich iIn turn controls current
through the stepper solenold. For a complete schematic
diagran of the control cirecuit see Fig. 9.

To convert the recorder from A.C. to D.C., onera-
tion, tie two changes required sre removal of the
L.C, notor by the four screws which nheld it woainst
the panel and to replace it with the D.C. niotor; and
to shift tie switch located in tlie boltom of the re-
corder sub=-pancl (Figs. 25) by remcval of the nuts
retaining the terninal strip so that the letters "D,C."
are visible,

Several other nmlnor revislons were nade as follows:
A ten-terminel Jones csocket was nounted on the
panel for the control and power circuits to the filter
set, and sound level meter (Fig. 26)

\WWhen the hand-held remote control 1s used to
turn the recorder nmotor on and off, considerable loss
occurs in the cakle, end ccnsequently, it was found
advisable to opcrate the recorder motor throush &
relay (Guardian Electric Serial 165-12V3 Dual A 36)
properly compensated to operate in any position and
against any gravitational forces encountered in flight,
This relay is mounted below the panel near the roll of
wexed-paper tape.

. For coninecting tho power cupply and the recorder
into one unit locating bushings werc nounted as shown
in Fig. 26 on the back side of the recorder.
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VI. Hand-lHeld Reriote Control Unit

To control the entire system from a remote
position the operator need only operate the compact
switching unit shown in Fig. 27. This instrument
houses a switch f£o stert eid stop the recorder
motor, an indexing switch for recording code on the
edge of the recording tape, and & switeh to begin
an autometic cycle of band positions. The indexing
switch, when fully depressed, bezins the cycle of
operation from an overall band through 211 the octave
bands, and stops on the overall position. A small
pillot 1light indicates to the operatcr the beginning
cf each cycle, and each filter advance. \hen the
cycle 1s completed the light goes out. For each
filter advance the light extinguishes.,momentarily.

By virtue cof tlie indexing switch always closing
ahead of tihec starting switch there is always a
record on the tape where the beginning of each ecycle
is., This, of course, can also be detecrmined by the
pettern of the levels of the octuave bands on tlhe wax
tepe. It is possible to record code, ty means of
thie indexing switch, on the recording tape without
interfering with a sequence of switching.

4L schematic diagram of the switching within this
unit is shovwn in Fig. 28, and tie complete control
circuit in Fig. 9.
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VII. Power Supply Units

The maximua time of operation in any flizht
ceternines the totel ampere hours required for the
storage battery capacity., The system with &ll the
extension cables in use as in control metiiod "AY
(Figs. 2 and 4) will operate continuously for three
nours, Jithout tlie cable from the power supply to
tlie recorder the time can be increased to four hours.,
Nlormal" operztion will vermit five hours of contin-
uwous analysis and recording.

The space and load requircrments excluded most
types of batteries except one wlilch was designed for
motorecycles, such as the Willard [i-5-3, a six volt,
O cell, storage battery. Three of tliese batteries
are used for tlie whole system in three schemes of
supply as shown In the mcthods of operation, Fig. 2.

The main battery box wiaich houses the three
\/illard storage betteries, and the two Burgess 2-C0-N
for the "B" supply is shown in Figs. 29 and 32. Ter-
rinals for the batteries are provided with bakelite
cap screws. To secure tiie threc batteries in the

cuse agalnst vibration, cleats arc mounted lengthwise
on the sides nesr the bottom, and an adjusteblc psanel
compresses tlie battcries end-to-cnd which permits
accormodation of varlations in batteries. The whole
case 1s lined with tinned sheet iron for shielding
and protection against spillage of acid.

The ventilating hioles in tlie side of the case
and the panel of the battery box provide circulation
for the recorder notor.

If the power supply 1s divided between tihls
source and the one adjacent to tlie sound level meter,
(See I'ig. 15) then one of the 6 volt storage batteries
is replaced by a cdummay spacer, and the leads to the
3" supply are terminated in a terminal block to pre-
vent short-circuiting.(Fig. 32).

An auxillary battery box for remote control
nethod "B* is also provided, and is shown in Fig. 30.
This box is sufficiently large enough to hold one 6
volt storage battery and the two BurgessZ30ll's. The
ceble for this supply is interchangeable with the
cable from the supply adjacent to the sound level
neter to the filter.










VIII. Cases

In order to obtain speed in installation of
this equipment in planes, as test flights are usually
avallable on extremely short notice, it was paramount
that the number of pleces to be instulled be an &b-
solute minimum, yet be snull enough and flexible
enough to be wmounted in almost any availlable space.
This resulted in a design of carrying cases which
comvined an extrerely efficient compromise between
portabillity and nuidber of pieces, as well as pro-
viding space for &ll the cables, microphone, and re-
mote control unit without increasing the number of
cases to be carried. The carrylng cuses are shown
complete in Fig. 31.

The four units, recorder, filter, sound-level
meter, and power sw ply can be used sepearately, or
can be clanmped togetlier to form two units which can
be strapped into the plane by means of shock cords
fastened to screw eyes which can be screwed into
tapred bushings which are located on every side of
each case,

Wnere two units are to be mounted together ex-
tremely accurate alignment is required in view of
the Jornes plug connections which must be made. Four
locating studs &nd bushings, which are ounted with
very close tolerances, are provided on the sides
which are face to face, thus relieving the Jones plug
connections of any stresses (See Figs. 6 and 32 for
details). The bushings located in the center of the
sides are also tapped to receive screw-eyes in case
indivicdual nounting is required., Clampling the two
units together is accomplished with Eagle Auto-trunk
locks which also serve to secure the lids when the
instruments are to ve carried (See Figs. 31 and 32.

The fllter case, Fis. 33, 1s shlelded with thin
coprper sheet, and it was found necessary to prevent
electricual contact between thie two cases (filter and
amplifier) by insulating all tle bushings and hasps
which were in common between the two cases. This
rrevented the existence of ground loops and consequent
hum pick-up by removing the multiple sources of
ground in the two units,













The covers for tiie cases were designed to ac-
cormodate all the cables, microphone, and remote
control, as well as serving to protect the locating
bushings from being mutilated in transportation.
Special brackets and clanps were installed to sccure
thie cubling as shiown in Figs. 33 &nd 34.







IX. Calibretion of Lquipment

To ovtain reedliy;s on thls equipment which in-
Cicate reliubly thre sound levels of the noise under
investigation, the whole system rust be carefully
calibrated. This requires acoustic and electric
calibration teciinigues.

For the Wlestern Electric type 632-A nicrophone,
a free fleld, open c ircuilt, random incidence calibra-
tion is given in Fig. &5.

The electrical calibration of the filter set and
the sound level meter is obtalned by inserting a
known signal from a standard type beat frequency os-
cillator in series with the microphone while the
filter and sound level meter are properly connected.
The output of the oscillator is measured with an ac-
curately calibrated high inpedance voltmeter. The
schenatic circuit showing all the elements used for
calibration is in Fig. 36. The battery voltaces for
tlie sound level me ter chould all be clieclized before
calibration is attempted. For the different bands,
the automatic attenuator is thrown in and out to
obtuin its insertion loss. Tie position of the at-
tenuator in the sound level meter should be adjusted
to give a reading on the output meter between -2 and
+3 db when calibrating. This 1s advisable because
of the slight differe:ce one obtuins from yeading the
rneter at the low end of the scale as compared to the
high end.

The high impedarce voltmeter was calibrated with
en accuracy of # .1l db by use of a Weston liodel 341
AC-DC voltueter and a rrecision voltage divider,

The response of the amplifier alone, and the in-
sertion loss of the filter for «ll positions is glven
in Fig. 37. The insertion loss for the automatic at-
tenuater 1s also tabulated iIn this figure.

In order for the whole system to be calibrated
racoustically it 1s necessary to compute a correction
factor for ezch point on the overall response curve,
as well as the ind ilvidual octave baends., These are
computed as follows :
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Response Curves for Automatic Octave Sound Analyzer Type AK-LB No. 2 when using
W.E. Type 633-A Microphone and E.R.P,I. RA-243 Band-Pass Filter, for .01 V.
R.M.S. Input as in Circult Fig. 35
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From the calibratlon curve (Fig. 35) of the mic-
rophone we find that the microphone has a sensitivity
at 10C0_c.p.s. of -87.6 db relative to 1 volt per
dyne/cmz. In other words, the microphone will develop
an open clrcult voltage of 37.6 db below 1 volt for a
sound pressure oé 1 dyne/cm2. Usling a reference level
0.000204 dyne/cm®. as O db, this represents a sound
pressure of +73.8 db. The signal introduced into the
input was nheld constant at .01 volt which is 40 @b
below 1 volt., In orcder for the microphone output to
be .01 volt a certain sound pressure is required.

Tiiis at 1000 cycles per second is equal to 73.8 +
(67.6-40) = 121.4 db.

However, at 1000 cycles the sound level meter
reads only 118.7 db with the filter in the "overall!
position {calibration in Fig. 37), and therefore, it
reads 121,4-118,7 = 2.7 db too low., To read r.,m,s,
sound pressures accurately, 2.7 db must be added to
the "overall" reading at 1000 cycles. Other points
are obtained similarly which gives the correction
curves in Fig. 38. It must be Izept in mind thet these
correctlons are for pure tones only as indicated on
the curves.

When the noise being messured is niore or less
continuous such as is encountered in aircraft spectra,
then "average" corrections nust be applied. 1his
laverage correction factor can be explalned as follows:

The indicators used for the sound level msizr anc
tne graphic level recorder possess rectification
characteristics which are not only dissimilar, but also
have characteristics dependent on the complexity of
the impressed wave form., Thus, if onc chooses fac-
tors for the individual bands, as well as the overall
position, to make the two systems agree for, say a
square wave signal, then this factor will not hold
for a signal such as thermal noise. It is, therefore,
necessary to make a comparison of results obtained
by the two indicators for a range of typical airplane
spectra, and choose a factor to make them agree, It
has been found in general that if the recorder is
adjusted to read the same as the sound level meter
for a single freguency, the recorder will read 1 to
2 db lower when the two indicators are subjected to
a typical airplane spectra,




CORRECTION CURVES

Giving correction to be added to reading of Automatic Octave
Sound Analyzer Type AR-LB No. 2 when used with W. E. Type
633-A Miocrophone. "Average' correction for each filter band
should be used when measuring continuous spectrum.
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Most nilitary orcenizations in the United States
use the L.K.P.I. RA=277G Sound Frequency Anelyzer in
conjunction with the £30-4i, i.e., "¢ ball, type of
microphone instead of the 63o~A type. Correction
factors - to meter readings obtained on the apperatus
described in this report - for giving results equal
to corrected meter resdings obtained with the 630-A
mmicrophone are tabulated below,

Filter Setting Correction in
(Attenuator Out) db to be added

Overall
Below 75
75 = 160
150 300
200 600
600 1200
1200 2400
2400 4800
Above 4300
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A fuller discussion of the correction factors
for several types of . systens was contained in a
previous report "Sound Levels in U, S. ilitary Air-
planes" lay 20, 1942, by ii. W. Kudmose, R. L. ‘lallace,Jr.,
II. L. Ericson, and L. L. Beranek, Director. For esase
of reference tiiis discussion is reprinted with slight
celetions in tlie Appendix,




APPENDIX ®

l, Apparatus

The data presented in this report¥*were talen
with several different sets of capparatus, all of
wihiich, however, were composed of basic units pur-
chased from one manufacturer. <Similar apparatus
is possessed by the Army Alir Forces liateriel Div-
ision, Wright Field, the Naval Aircraft Factory,
tiie Aberdeen Proving Ground and several of the
leading aircraft companies. Each of these sets
of apparatus should be equelly recliavle if carefully
calibratec against the zame standard ancd if the
calibration is carefully znc frequently checited in
tae field.

The questlion of careful and frequent calibration
tion is so important that soue space will be devoted
to thiis subject in the next section.

Brlefly described, tlhie apperatus concists of
& Cynamlc type microphonc, an octave baud pass
filter set, and an automctic graphlec level recorder.
The sound frequency analyzer when used with the
dynanmic :icrophone enables one to read on its output
meter tie root-mean-~squarc sound pressure &t the
microphone in decibels with rsspect to a reference
level of Q.0u0204 dynes pur cm®, This is the sound

ocressure which would be yeasured in a Blane travel-
n

ing wave ulong which 10‘1” watt per ¢ is veing
transferred. In all of the measurements the ampli-
fier characteristic was raintained “flat" since

the charucteristic oif the ear .t the high sound levels
encountered in airplenes is very nearly that wey.

For convenience in referring to the aponaratus
the following tabulation is made -

System l'os 1 -- Cruft Laboratory

Z.R.P. T, & Type 277-G Sound I'requency
snulyzer Serisl lo. 241 ——
lElectrical Research Procducts Co., Inc,,c00 Central
Avenve, learny, New Jersey

'Lxcerpt frem National iesearch Council Comuittee

on Sound Control report cntitled "Sound Level lieasure-
ments in U, S, Nilitary Airplanes® dated May 20, 1042.




1

J. E. Type 650=-A llicrophone Serial lo.Au-LB
L.0.P.I. Type RA-246 Graphlc Level Recorder

«R.P.I. Tyne RA-2435 Octeave Filter Set
erial lio. 8

-
P

Q
2

System No. 2 -« Cruft Laborstory

Z.R.P.I. Type Ra-2735 Industrial liolse
Analyzer, Serial No. 256

W. L. Type G30-A liicrophone Serial No. 28l6
Systenm No. 3 -- Cruft Laboratory

Cruft Automatic Octave Souncd hAnalyzer Type
AR-LB Serial ifo. 1

{v L. Qype 6C0-A llicrophone Serial lo. 0O47

LeliePuele Type RA-246 Revised Craphic Level
Recorder

System No. 4 =< llaval Aircraft Pactory

L.H.P.I. Tyne 277 G Sound frequency
Analyzer Serlal ilo. 238

Jo L. Type 0830-4 llicrophone Serial No. 3127
E.K.P.I. Tyne RA-246 Graphic Level Recorder

Lol PoI. Type RA-243 Octave Filter Get
Serial No. 19

II. Calibration of the Apparatus

The niicrophone is calibrated in a plane wave
sound fleld by comparison with a secondary standard.
For our purnoses a W, L. 640-A condenser microphone
was sent tc the National Bureau of Standards for
comparison againat their primary stendard. Tiiis
Sume nicropione was also calibratec Dy & reciprocity
method in our own laboratories. Thiese two calibra-
tions are in pgood agrecrent.




The open circuit, free field calibration of a
nicrophone at & given frequency is defined as the
ratio of the open circult voltage generated by the
microphone to the sound pressure at the microphone

position prior to its insertion into the progressive
plane wave sound fileld.

Since the readings of the .sound analyzers are
civen in terms of the Acoustical Society of America's
reference level of 0,000204 dyne per cm one dyne
per cm? corresponés to a sound pressure level of
70.8 decibels, Usually the open circuit voltage
generated ls expressed in decibels below onc volt.
If, for exanple, according to the calibration curve,
at 1000 c.p.s. the sens;tlv;ty is =50 db; this
means that the mnicroplhione will nroduce an open
circult voltage 50 db velow one volt for &an impressed
sound pressure level of 73.8 db., For & sound nressure
level of 100 db the microphone will produce &n open

cirecuit voltage of =-23.C db (re one volt) or .0G5
volts.

To checlt the calibration of the sound enalyzer,
the circuit shown here is employed.

630-A
Microphone

e

Sound
Leve!l
Meter

o 500 ohm ' .
Variable v o Oscillator
_E- Attenuator o4




The osclllator penerates « voltage which is
reaucec S50 ¢b Dy tlhie fixed pad and win additional
number of db by the voeriable attenuwator. If the
voltare V is set at 1.0 volt and the attenuator
realing lus 80 Gb is sfet equal to tize nuwiber of
nesative decibels ~iven on the celidrution curve
of ti.e micropione, tien tie metcr on the analyzer
snould read 75.8 decibels, Tals assunes, of course,
tiiat tiie ticrophoane calibration is jiven in &b
above oac volt with respect to &« sound pressure of
one dyne per cm2, If the meter dvec not read 75.8 b
at all frequencies then & correction curve shoulcd
be plotted and all Catea talien with the instrunent
corrected accordingly. (See _ages 66 through 72)

It is usually found tliat tiie celibration of
the type 630-4 nicrojlione 1s quite stable over a
veriod of time. Ilence, in practice, it is suffi-
cient to nerform an electrical calibration on the
apparatus as described woove. The nicroplione with
careful nandlins sliould ¢ celibrated woout oiice a
vyear. If subjected to rough handling, its callbra-
tion should be checlted more often.

If en octave filter set is built into the
analyzer or is connccted between tlie analyzer and
tixe microplione, the same ietliod of calibration
shoulc be use. It is necessery, hiowever, (o per-
fora the calibretion as a fwectiun of frequency
{or each band nHass sctting of the cctave filter,

On the following peses celidbrations are jiven
for tirce of tiie microphones listed doove, Relative
respoiise curves arc &lco siven for tle sound cualyzers.

In fli~ht, cdata were obteined eitier from Cirect
ovscrvation of tlie output eter or fron records of
tlie grepiiic level rocorder., Tac ovbserved or recordod
readings were then corrccted witi certain established
corrcction factors, aund tliese corrccted data ticn
plotied.

In clioosing correction factors to thie data as
obtained froa the meter reading or from wax tape
records scverel things nust be considered. PFirst,
it 1s not sufficient to use & calibration of the
microphncine for & sowid traveling rparallel to the
olane of tlie Ciajuaracul, lcise in airplanes usuelly




C4

strikes tlie microphorie at randon angles of incidence.
Ilence, o calibration curve for the microphone in
randorily incident sound must be cotained. This

was done in our case by averaging tie calibration
curves obtained for a large nuwer of angles of in-
cicdence according to conventional methods. <Secondly,
the choice of correction factors obtained from pure
tonz calibration of the apparatus devends upon the
luw of sumnation of tie Instrument from which the
data are obtained. The indicating device should

gum voltases according to a square law charecteristic
in order that 1ts readings be proportional to energy.
If tlie Instrument lias & square luw characteristic,
tiien the insertion locses can be cliosen from the
single frequency calibration curves of the equipment,

The meters used in .systems 1, 2, and 4 are
essentiually “"square law' meters; whercas, the iieter
in system 3 and the recorders used for all of th
systems are not.

L comparison o¢f tlic results obtained when a
wicde vrange of tyrpical airplane spectra are measured
by the two systems indicates tiiat correction factors
can be cliosen which will malie tie data obtalned from
thie two systems agrec. These correction factors cre
listed in Teble 1, »nage 72.

It sliould be pointed out that tie gain of the
recorder can ve adjusted so that its readings will
ugrece with tiiose of tlie neter only if it is calibrated
against a complex tone or ncise. If the gain of

..e recorder l1s set so that the data froa the meter
and recorder agree for single frequencles (csuch as

a local internal oscillator), then the recorder will
resd from one to two decibels lower than the meter
wiien an airplane noise is applled to tlie microphone.

It 1s also truve that if tie correction factors
for tlie square law and non-square law instruments
are chiosen to meke the systens agrec for single
frequency inputs, tien tlhe non-cquare law cystem
will indicate one to twu decibels too low vien alr-
plene nolse is being measured. This difference of
one or two decivels ayplies onlv when the non-
square law instrument is measuring airplane spectra,
For otlier tyoes of noise, entirely differcnt re-
sults, depending vpon the character of tle srectrum,
may be expected.




Z.R.P.I.'s usuul practice secms to be to cal-
ibrate their equlpment upnroxiiately two decibels
too sensitlive. Tiils has also been observed by
P. Hudver and J. Whitmore in the Journal of the
Acoustical Society of Anerica, Vol. 12, page 138,
Pig. 2, July, 1940. Ve lave chieched tl:ree differ-
ent srstenis liere and hiave found in eacl. case that
thiey incdicute one to tiree decibels too higsh for
nure tone inputs.

Two reasons cuit be advanced for the _.[l.0.I.
calibrution beln: too seansitive. In the first
nlace, tliey llave used tie tliermoplione unetiod of
calibration as a means of determlinins tlic absolute
refererce level of tlc.r stuxdards, iis metliod
aas been shovn to yield results 1.5 do wifferent
fron tl.cse lelded by ti.e reciprocity metihod of
callvoration. 3oth the Bureau of Standerds and the
Cruft Leboratory Lave adopted tie reclprocity
method ¢f colidration as stunderd. For further
information on tiis 3w ject, refer to Nationel
Bure&gu of Standards research peper RP 1541 entitled
Absolute Pressure Calibrations of licrophones by

Ricinaera K. Cook. This was also »nrinted in the
Journal of Research of tle Hational Bureau of
Standards, Volume 25, lovexver, 1040,
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System No. 1
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E.R.P.I. Analyzer Type RA-277-G, No. 241 used with E.R.P.I. Filter Set Type RA-243,

RELATIVE CALIBRATION CURVE - Absclute value of ordinates to be added to meter reading.
No. 8, and W.E. Microphone Type 630-A, No. 406.

Direction of propagation of sound parallel to plane of microphone diaphragm.
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DECIBELS
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FREE FIELD, OPEN CIRCUIT RANDOM INCIDENCE CALTRRATION
W. E. Microphone Type 630-A, No. 3547

Decibel reference level'is 1 volt/dyne/cm?.
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RELATIVE CALIBRATION CURVE - Values of ordinates to be subtracted from meter reading.

Cruft Automatic Octave Sound Analyzer Type AR-LB, No. 1 used with W. E. Type 630-A
Microphone, No. 3547 and E.R.P.I. Type RA 246 Revised Graphic Level Recorder.
System No. 3.

Free field, open circuit, random incidence calibration of microphone.
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FREE FIELD, OPEN CIRCUIT CALIBRATION OF W.E. MICROPHONE Type 630-A, No. 3127,

Direction of propagation of sound parallel to plane pgmgicrophone diaphragnm,
Reference level is 1 volt/dyne/cm<.
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RELATIVE CALIBRATION CURVE - Absolute value of ordinates to be added to meter reading,

E.R.,P.I. Analyzer Type RA 277G, No, 238 used with E,R,P.I, Filter Set Type RA 243,

No. 19, and W.E. Microphone Type 630-A, No 3127, System No. 4

Direction of propagation of sound parallel to plane of microphone diaphragm.
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Table I

Correction Factors
To Be Added To lleter Reading

Systen lo. 1 Systen No. 3

Octave

Rencom Random
Incicence Incidence
Insertion Insertion
Losses Losses

Srsten lio. 4

Randon
Inecidence
Insertion
Losses

Overall
3elow 75
75=-150
150-300
300-0600
€30-1200
1200-2400
2400-4800
Lbove 4800

-2

U O 3 60 9 0 O o
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