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F, ~t . Steiner

‘~ £

IN TRODU CTION g j~

This memorandum describes a proposed system for the ré~~rdthg and playback

of sonar data., This proposal has grown out of instruInentati~’~n requirements for

NEt studies on sonar target classification cues and is being published at this

i ixr~e to make it available to NEL personnel developing sonar raw data recording

equipment and to the BUSHIPS Interlaboratory Coninittee on Sonar Raw Data Recording.

Further distribution outside this Laboratory is not anticipated.

A recorder~playhack system capable of recording sonar signals and associated

data for subsequent playback into sonar receiving equipment is urgently needed

for sonar research, development, evaluation, and training.*~~Equipment for

such recording should be capable of operation on as many of the sonar systems

currently in use by the Fleet as is possible and provide as complete data as is

practicable. Wide dynamic range, frequency stability, gain stability, and

versatility are the most sig*uficant de8ign criteria.

Equipment for recording sonar signals should obtain the signals in as raw

form as practical, i.e., as soon after transduction as possible, to prevent

prejudice of data by shipboard sonar and operator. Equipment should retain as

much doppler information as poasible for application to sonar processing

equipments such as the RRI and ACThI now under development.

IThSIGN CRITERIA

Higfra frequency stability to retain doppler information is necessary in

that doppler frequency shifts of the order of 5 cpa are considered significant.

Dynamic range approaching 120 decibels will be necessary, but since recorders

are limited to a range of 50 to 70 decibels, conipressi~n of early reverber-

ation will be achieved by time varied gain amplifiers. Compression on the

order of 40 to 70 decibels can be achieved, The sonata for which this system

is designed to operate should include SQS—4, SQS-.l0, SQS—ll, QH8 and 038,
*See R.$,C ~i R i f ~~~ iii~s~ ’or the Recording of Sonar Data,” Proc . of Dept.
of Defense Symposium on Magnetic Recording, Fifth Symposium on Acoustics in
Air, Conf. Session held 14 Oct. 1953, 31 Jul. 1954
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~~~~~~~~~~~~ ~NCLASS1FFE~whose operating frequencies (Table 1) are between 14 and 25.5 kilocycles

and whose video azimuth sweep rates in the case of the scanning sonare

are 29.2 and 150 cycles per second. As sweep stability has been found

to be a problem, sweep will be recorded on an independent channel, in order

to get adequate bandwidth and amplitude stability in the order of .1%.

SONAR PRIMARY FRE(’UENCY 1L~NDWIDTR SWEEP FRE(~UENCT CHANNElS

SQS 4 14 kilocycles .72 kilocycles 150 cycles/second 3
sqs 10 20 1.05 “ 150 3
SOS 11 25.5 1~ 1.2 “ 150 3
0118 a 25.5 “ 1. “ 29.2 “ 2
0118 c 25.5 “ 1.2 “ 150 “ 2
QHB d 20 “ 1.05 “ 150 2
QHB 4 25.5 “ 1. “ 29~2 “ 2
QJ R 24 “ 3. “ — 2

Table 1

Other data to be recorded will include conunentary on sonar operation,

audio train signal, gyro compass signal, log signal, and their reference.

FUNCTIONAL DESCRIPTION

Recording System

A functional block dIagram of the recording system based on spectral

assignments shown in Fig. 1, is shown in Fig. 3. The sonar frequency

signals from respective scanning switches are fed to bridging pre—amplif lets

(1) to provide medium level at low impedance. Band pass filters (2), and

variable attenuators (3) control bandwidth and overall level. The signal is

then fed to linear mixers (4) in which a pilot tone (5) is introduced to pro—

vide a reference for subsequent compression—expansion operations. This con-.

posite signal is then fed to the variable gain amplifier (6) controlled by

control signal generator (7). This control signal follows the necessary time

function to provide proper compression of the high amplitude reverberation,

- 2  
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and is initiated by the keying pulse of the sonar. The compressed com-

posite signal is now fed to a threshold amplifier (8), whose function is to

indicate to the operator when signals exceed the maximum usable level. In

the case of the sonar audio recording channel, a transfer switch is introduced

• following the thresholi amplifier and will, during the time of the transmitted

signal, feed that signal through fixed attenuator (11), variable attenuator

• (3), and pilot tone mixer (4). This transfer switch (10) must act suffic-

iently slowly that interruptions in the pilot tone can be detected later

to key the monitor oscilloscope sweep. The sonar freouency signals in all

channels are fed at this point to heterodyne mixers (12) and mixed with

heterodyne oscillator signals to be described later, fed to band pass

filters (16), ftmplifiers (17), and normaled to blanking switches (21) in

the case of video channels, and directly in the case of the audio channel to

mixers (22) where synchro information on high freouency carriers is intro-

duced. The signal is then fed to limiters (23) and thence to recorder

channels.

~~~~~~~~~~ respect to the heterodyne oscillator signal fed to heterodyne

mixers (12), two options appear , one of which provides frecuency stabili-

zation wh ich will in part cancel the speed variations of the recorder.

This stabilization technique is discussed in detail on page 7. In the

case where the stabilization is not required , the translator osciUator

(13), whose freouency differs from the sonar primary- frequency by 5

kilocycles, is fed to the heterody-ne mixers (12) directly. However, in

the case where stabilization is desired , this oscillator provides a signal

whose Nth harmonic differs from the sonar frequency by approximately S

kilocycles (see Fig. 4), but whose nth harmonic is approxImately 10

kilocycle.. This oscillator i. fed to harmonic generator (14) and through

band pass filters (15, 19) in order to provide these harmonica. The nth

— 3 - CO~FTD ENTIAL
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ha rmonic , being near TO kilocyc i cs, is  mixed l inearl y in optional linear

mixers (18), following amplifiers (1.7) and fed through band pass f i l ters

(20) to mixers (22).

Audio train, gyro compass , io~ , and reference signals are Introduced

at mixers (7~~), These are provided as follows: train signal as synchro

orders at lx and 36x are fed to synchro repeaters (37) and mechanically

coupled to lx and lix resolvers (38), whose output is phase referenced to

the ~y-ro power shznal .  Likewise, the gyro compass signal is so resolved.

The log sis!nal is provided as ix synchro order fed to synchro repeater

mechanically coupled to lx resolver in the same manner. These lx and lix

signa ls and their reference are fed to 6 variable attenuators (39) and

heterodyne mixi rs (40) fed from master oscillators (41) as shown in the

block diagram. The signals are then band passed and fed in pairs to mixers

(22) .

A special channel for video sweep and coninentary is provided . The

video sweep si -nal on one branch of the three phase si ~nal from the sweep

gene rator is fed to the variabl e attenuator (24 ) and is fed to the mixing

system together with the comentary as provided from microphone (25) audio

pro—ampl ifier (7b), band pass filter (n) ,  variabl e attenuator (2S), and

amp1ifier (29), (Option A) If the sweep frcouencv is within the response

ranr~ of the recorder these sim-als may be sinusly mixed linearly in mixer (32)

and recorded directly. If, ho~.ever, the sweep rate Is too low for direct

reconding, it can be used (Option i~) to frecuency modulate (31) a carrier

• In the region above voice freoiiencies (4000 to 15 ,000) and then mixed . If

greater stability Is necessary the deviati on due to the recor din g  medliin

can be reduced by (Opti on C) controlling the frenuency modulator (31) by an

oscillator (33) and a harmonic of this osctflator also mi xed in mixer (40)

— 4 - C0N~ 1DENT TAL 
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to be used for frec’uency c~’ntr e i at “ 1nyback ~ Pulse pos i t ion  modulatjoø*

(Option 1)) has been proposed fee  t h i s  channel , and its properties should

be investigatcd~

Inc recorder proposed is an \~n ’ex 307—4 with one possible modificat ion.

Tn case the pulse r~osition mod ulation option is used, where the ta pe must

be saturated , the bias su ppl ied to the 4th channel r~’cordin ~ head must

be e l imina ted . If direct recordin~ of the sweep is used , eoualization in

this channel down to 150 cps w i l l  be necessary. Otherwise, the recorder

is as suppUed by the manufacturer.

Playback System

The playback system is sho~n in bl ock ciia~ram foniu in Fir. At

th~ r’1ayb~uck outputs of the recorder, band pass fil ters (43, 44 , 45)

divide the si nals according tc~ their respective fr enue ncy channels and

in the case of frenuency stabilization, the additional band pass filters
are required.

t 4€ )A the sii~nai s f rom band pass fil ters (4.3 , 44) beinu’ those at the

upper end of the spectrum which were the carrier channel s of synchro

inf orma tion, are amrlitude detected (47), low passed (48), amplified (SO),

and fed to servo motors (51) which are mechanicall y coupled to svnchro

generators (52) which restore the audio train, gyro compass, and log

repeater synchro orders. dand pass filters (45) separate the sonar inf or—

mation cha nnels and are f ed to amplifiers (53) and heterodyne mixers (54),

where sonar frenuency is restored in the followint’ manner: In the case

where the frec uency stabilization optien was not used, the master oscillator

• (35) provides a sienal. at a frenuency equal to the sonar frec’uency plus

* The pulse phase system of magnetic recording — Stanch Hoffma n Corporation
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5 kllocycles for heterodynine ~~~ 5 KC recorded s 1u~nal to r ’store Lhc

original sonar freouency . Jr t o  case of t l ~ ’ frenuency stabilization

option, the eutput of hand pass filter (46) is fed to a frenuency div ider

(56) throuth band pass filter (57) to an hetcrodyne mixer (58), r~i xed

with siLnal frem nast~ r e ,cillator i~ I)) whos e f r ~-e~~en c y  i~ that of the

former s’n~r rrincipal irecuueuwy, and a difference fronuency is fed throu~h

band pass filter (60) to heter~dyne mixer (54 ) ,  restoring the oricinal

sonar frenuency , This si~na1 ~ s band passed through filters (61, 62)

to sepa~ at~’ the r i l e t tcnv fron the sonar in for mat ion sic na l .  The pilot

tone from hard p~~s f i l ter  (62) is ar~~litud e detected in detector (63)

and fed to the variable gain anplifier (64) i’s a control sienal  to

restore ~~ oriu~inal. dyr:~~ ic r n ~o , in the case of the sonar aud io

channel , th~’ discontinui.ties in thu~ pilot tone are detected by a differ---

entiator (65) and fed to a tri~ ger circuit, which opc rate~- a transfer

switch or i-ate ( b )  to rovide the tr~insa~itt ed sf tn al to an oscilloscope

for nonitorin z - The outprt of the variabl e rain ~~iu l ifter ~s provided

to transfer switch (66) during t.h~- roma nder of the t:ime is fed tlireui~h

h’-nJ o~i~s f i l~ er (6?) and am~I~ fier (68) into the sonar receiver at the

tinc of pi :~yb:~ck.. The ‘v~~.co channel s are likewise fed from the variabl e

~~~ anpl ifiers (64) thr ough b ;i~i pass filters (~i 7 )  and a T i p i ifit’rs ~~3)

to their respective video receiver clwnnel.s.,

The - 

~‘ea t~rcnt of v dcc. swe~~- ~nd connentary at t~ie r ime of pla yback

ai~ain ~as four options~ The s~ecp and conmientar channel s are separated

an-i fed r espcct lvc iv  to a swee ~ en eu -ator (50) thro~~i vari~.bl~ attenuator

(7q) an~ to rower ar pI i~ ier (8~) ~nd loudspeaker (83), thru variable

Sttenuator (SI). The separation ‘s accomplished in the mixed case

(Option A) by band pass filters (70, 7]), in the case of frenuuency mod~

ulat ion (Option ~;) by band pass filters (70, 7 1.) and the sweep fed thrcurh

6 - .

L ~~~__ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~



- -— - - -~~~~~~ r---~-.-—-— 

a frenuency discriminat0~. (7?); in the cane of control ted frenuency

modu ]at i4•n (O pt ion C) by ba nd puss filters (70 , 71, 73) with the fre—

nuency control si~nal from band pass t i t t e r  (73)to a frenuency dividing

binary scaler (74 ) through band pass f i l ter  (75) and mixed (76) with the

• output of osc il lator (77) to provid e the freciucncy control in frenuency

discriminator (72A ) throw h oand pass f i l ters  (70, 78); in the case of

Pulse Position modulation (Option r~) the signals are separated in the

pulse position de~nodulator (69)

The freot~~~y st~ b i l i zat~.on tcchninue

rhe freonency ~~ab i l i~.ation option mentioned briefl y earlier is

descri bed in d et a i l  in the following , In order that signal frequency

modul atiL~n int uced by wow and f lu t te r  of tape recorders may be effectively

cancelled , a t echnic iue has been devi sed ~-:hereby the frenuency variat ions

due to these phenomena are e l i m i n at e d  at the fundamental frequency and

are arithmetically proportional to the deviations from the fundamental in

the wide band . To do this , the sonar frequency is translated to a carrier

at approximately 5 kilocyclcs by an oscillator whose frenuency is an integral

multiple or sub—multipl e of this number, approximately 5 kilocycles. In

this manner a frenuency control signal, which is an exact harmonic of the

principal freouency recorded, cen be a] so recorded and used to provide a

beat frecuency at playback, whose frenuency deviations are identical to,

but in a negativ e sense, from those of the princ ipal freoucncy~ (See Fic. 2).

The second harmonic is used in this case because simple binary scalers

are available , which have high dependability and stab ility and can be used

to provide halved frenuencics. The fact that the bandwidth of the signal

recorded does not exceed 24 kilocycles makes isolation of the principal

signal and its second harmonic, that is, 5 kilocycles plus or minus 24

icilocycles and 10 kilocycles, both practical and effective~

- 7 Ct ’N FT 1)I~4?lAL
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The pro’~ision of the 5 kilocycle signal and the properly related

harmonic is accomplished by providing a master oscillator and harmonic

generator through band pass filters, one feeding the heterodyne mixer

a frequency differing from the principal frenuency by approximately 5

kilocycles, and the other feeding the linear mixer later in the circuit

with the 10 kilocycle or second harmonic signal. This provides two

signals on the same channel harmonically related as nearly as possible,

one of which contains frenuency deviation carrying the doppler , as well

as amplitude informati’n present in the transducer output. These two

signals are fed to the recorder whe re speed changes (from wow and flutter)

introduce proportional frequency changes in each signal. The frequency

control signal , being twice the f requency of the principal information

signal but with very narrow bandwidth, can be simply divided by a binary

scaler, providing a signal at the same frequency as the principal signal,

arid with identical frequency deviation due to speed changes. The fre-

quency ontrd signal is fed to another heterodyne mixer together with

th~ outpat of an oscillator set to the original sonar primary frequency,

p~o~iiing a difference signaL This difference signal has deviations

inversely proportional to the changes in speed and when mixed with the

principal signal in a third heterodyne mixer, provides the original sonar

I renuency with deviations due to speed changes cancelled exactly and

~opplcr deviations increased in proportion to such speed changes.

This will be a powerful tool to the development of high frequency

• stability if such is necessary. Since the speed stability of tape recorders

on an unstable platfo rm is not yet thoroughly determined, it is currently

unknown if such techniques must be incorporated into this sonar raw data

record ing system.

— 8 — CONFIDFNT1AL
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1. ~‘rc— ;~n r~l if iers ‘~r~ L9n~ lc-~ noise and wide dynamic z-anee are used

to brid ge tbe a~ r~ir ~ swi tch out~-uts and prov ide med i um signal level

for transmissioi to ~uhse~u~nt er’u i pment. In put impedance must be

i tch ‘r iou ’h not to lead th~ sc;-nnin~ switch circuits and load impedance

• should be 6C~ w~nis to fccd hand pass filters, Inpu t signals have a

dynamic ranee of 120 decih~’ls above a few (1 to 10) microvolts noise

i& ’v--l . cain must be sufficient to ninimize effects of noise pickup

in subsequent circui ts, and the pass band is 10 to 30 kilocycles.

2. ftand pass f i l t ers ~t 600 ohms eliminate noise outside the pass band

of th e rre—anpiifiers and should provide optimum loading .

3. \~ ria 1e attenuators in the form of 600 ohm T—pads or similar units

arc’ used to provide signal 1ev -i control for all subsequent eouipments

in th~ freoucucy range of 10 to 30 kilocycles.

4. Pilot tone ;-ixe rs should provide l inear mixing with a minimum of inter—

mod i~l ~tic’n prod ucts. The input is~pedance should be 600 ohms for the

sonar Si nal ch~nncl and as required for the pilot generator and load

as ree~iu red for the variable ra in  amplifier,

5, ~~~~~ tone generator i~ an oscillator whose frenuency is 1000 cycles

r - c ~v~d from the translator oscillator I recuency to provide a 1 kilO—

cycle pilot tone. This should be a piu~t— in unit since the translator

• oscillator freouoncv varies for different sonars, (All other units

descr ibed heretofore arc uni versal to all sonars discussed in this

paper.)

6. Variable rain amplifiers are provided to give sufficient compression of

dynamic range that recorders with 50 decibel range can handle the

— 9 - CONFIDENTIAL 
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output s ign a l s .  The - a m  is time var i ed  aceor d in ~ to a capacitor

resistor decay as found in the  fol1owin~ unit.

7. Control signal eenerator provides a signal as a function of t ime

after tz’ansnttted or keying pulse to dcc rcas~ the cain of variable

gain amp lifiers a~ nuch as 4C- decibels at the time of transmitted

pulse and approaching normal ~i in  i~ an ~diust ab l e time of the order

of 1 to S seconds.

8., The threshold amr l if i er  is a device  ~-;hich prov i des a si : r ia i to an

indicator Circuit at such ti,:es as the r~rlncipal s~ cnal excursion

exceeds pre—set thresholds,

9. Indicator for above ai~plifier in the form of meter or lamp tu indicate to

operator si~rna1s approac?~in’~. ~-ithin safe l imits of maxiinimi , and in

excess of maximum modulati on .

10, Transfe r  switch wh ich connects transmitted si~na’i to input of hetero—

dync rnb:cr during the time tranmritted si~ nai is present .

11, Fixed attenuator to provide transmitted signal at medium l evel, for

applicat ion to heterocl7ne IniJ(ers,

12. Heterod’.’ne rixer acceptin g sonar signal and signal from band pass

filter (i s) to produce aprro~ irnate1y 5 kilocycle sipnal for record ing,

13. Translator oscillator is part of d pIu~—in unit providing heterodyne

beat frenuency (See F~~ , 2)

14. Har,aonic generator used in ccnjunctic ’~ ~:t ’~-h above osc i l l ato r  when f re~-

quency stabilization option is used.

15, Jand pass fi l ter in conjunction with frecuency s tabil izat ion  option

to provide prope r harmonic for heterodyne mixer  ~12).

16. The band pass filter to eL I m i n a t e  hieher intermodulation products

from heterodvne mixer,

17. Amplifier to compensate for the at tenuation of band pass filters and

— 1’~ — CONFI DEN TIA L -

- -

— - - - 5 - ~~~~~-— - - -~~~~~~~ -~~~~~~~~
- - - - . - - - ~~~--- -~~~~~ - - 5 -~~~~~~~~~~~~~ -~~~ --5-



- - “~~~~~~~
- 
~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~

‘ ‘ 5- --
~~ — - ~~~~~~~~ -~~~~~

5- 5- “ r ’~~~~~~~ ’ 
‘- “--“~----~~~~~~ 

— - - _

e~ ti- r~ i:- -
- -

othe r e i e - ~-n t s  and n ~revide isolatio ul

l8.~ Linear mixe r to ix the eutput of band pass f i~ter (20) wi th heterodyned

sonar  siznal from amplifier ( 17) .

19, r~and pass f i l t e r  to extract  the proper harmonic of translator oscillator

f or f r e qu en cy  control system. PaFs band of a!’proxin~te1y 200 cycies~

20~ 3and pass f i l t e r  to ci i n  nat e in tcrme dula t ic ’ n ,- ro-~ucts Iron c-u~:’~ut of

mixer (18). (Plug in.)

21. ~3 1anking switch shorts out th~ output fror-’ video channels ~uring

transmitted sirnal.

22, L ine a r mixer for the a d d i t i o n  of servo m i  j~r~:;ati ~‘n to the thre e sonar

in foriration channels.

23, ~i r i t er  to l imit excurs i on of heterodyned sonar s iennl  w i t h i n  the

dvramic ran~c of the recorder~

i!4. Variable attenuator on one channel of the video sweep as provided to

the deflection coil .~ for the  overall control of the ~evc1 in tiis

channel.

25 . Microphon e ~‘ot pickup of’ conanentary.

26. t~ud~.o pre— ampl ifier .

27~ ~and pass filter for voice frequencies 3~~ to 3000 cps impedance as

renuired ,

28. .)ar-~~b i- attenuator to control level of commentary s rra l ,

290 Amplif ier  to provide neccasnry level to mo-Julator or mixer for record---

~ne of cc.-~’uentary~

30. Pulse phase modulator as described by ‘tr. t’o~’~ ~ 
‘
~
,. Do~j p~’,j n h~ s

pape r “The pulse phase system of macnet c recordin~ , ’ published by

$ tancil Hoffman Corporation , if adequate0

31. Frecuency modulator for video sweep sianal  if pulse position modulation

is found inadequate.,

— 11 — C Fl 1’~NT D~L
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3’~’ , . Lin ear - j 2u’ r f~ r - c~’i h i ,  ,ii 1, -n of ’ fi ’c e i i c n t -’ y n -~~ n l  a t  i’d “I d c o  sweep si ‘1

and conunent. n ry t ’oi t he  rt c~~rder..

33. he fe , encc ose i I t  utot for fi’ceueuev  cn ’ ’t  i o I  It ’  ,ieCeR~ .. cv in t in’ video

s~.eep f r ec’i,encv n\i~Ij , l t  i ,~fl S~~~t em,

34. R h t’nionic cc,,ei’ ,toR’ for f~’o c u & ’u y  ~; t . ’-h  ii at ~-n of ~
- t i c o  c~-~’ record —

Ir- ~ :~ ; nne1 ,

35. t~ nd pa ~ - s $1  I t  .‘r to sel ci’ t. ;‘roper Ininiiei ,  Ic from ( ;4 ) I or l ’r i ’eticncy

n i  ~l ii l o t  oR ’ Cnt it t ’o  1.

3(, . -- me •s~ ‘tS fo r  p 1 a i ’b . c I  cen t  rol -,

31. ~~~~ u~ rn r ’ ca t e rS  ‘ceptini’ s- ry e cn,nnnnd i ‘ u s  I n  and cot i v t ’rt I ,u’ t R ein

to s t ia f t  pet. i t .  l e n .

st -se  I vce -s , ec ept  i ~~ servo shaft ~~~ i i  i en and ca r i r . - rt  ii , , ’  to phase

i u o d i i t a t  ion nt bO cvr It’ r e fer enc e ~ i - n a I

3’) . Vari able at e nu n t o r  Vei • cent i’ol of I t’v~- I of  t~0 eye Ic iesol ver Si ‘na I

40A , lIett’redync nI ~ ei’~ accept t a - - tO t’~’cIe re—d yer sienal and l~ k i l ocyc l e

sl” na t from ~sc1Il ntou (4t~’) to pra~ Ide amp ! ftudc moduInt~d carrier

fo r add it ion to snutn i’ s i ’n a l  channel s at mixer (:‘?L,
- 

- 400. l-kterodvne mixer as abovi’ ~‘it h  the  except i en that the ascii lator

i~ 14 ktloe yc h’u.

41 ~ • I”  k I !oc vcl e osc 11 lator to pr~ v ide c ar r i e r  for hoterodyne m l  xers (40A),

4111 , 1 -
~ Id Ioc~-c1e osc i Ilator to provide carrier for hetorodyne mIxers (400),

a7A , h a nd pa ss f l i t  e r’s ~‘O() c-v I ra  ‘tide centered at  17 ki~ocyc1cs..

.

~~

I!. !T;uttj p u s s  f i l ter s  200 yrh ’s  wide centered at 14 ki 1ocycies.~

* t ’Iny ha

43,, Band pass Ill tec’s :‘Oo cv - ’ 1 i’s wide eet,tert’d it  1’ 1<1 Locycles I- i-’ separate

60 c ‘c L’ phsse motluul tited servo lnf’nrmat ion.

44. Same as nhc’~e except centere d at 12 kilocyclee. .

4~. Ikind pass filter. (ron, 300 to t 000 cps to separate mixed sonar tnfor.
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mation signal and pilot tone from other circuits on the sante channel,

46. lland pass filters 2 kilocycics wide centered at 10 kilocycles to

separate frequ~ncy control si’nal from other si~ na1s on the same

channel .

47. Amplitude detector for 60 cycle phase modulated servo information.

48, 60 cycle low pass fi1ter~

49. Variable attenuators for the control of signal level through amplifiers

(50) to servo motors (51).,

50. Amplifiers provide sufficient power for 60 cycle servo motors (51).

51. Servo motors to prov ide shaft positien from rhase modulated synchro

information channels to synchro generators.

52. Sy-nchro generators to reproduce synchro orders for sonar eouipment0

53. Amp]1fiers to provide hi gh signal level necessary for heterodyne

mixer operation.

54, Heterodyne mixer to restore original sonar frenuency signals from the

translated carrier.

55. 1-laster oscillator to provide signal necessary for above translation if

no frequency stabilizatic’n is used -,

56. Freonency divider to restore f undamental from recorded second harmonic

of control frequency.

57., h and pass f i l t er to achieve approximate sine wave form to above signal.

58. Hcterodyne mixers receiving 5 kilocycle frenuency stabilization signal

fr om band pa ss fIlters (57) and master control freciuency from oscillator

(59) to provide cliffereitco freouency 5 kilocycles below principal sonar

frenuency.

59, )lastor oscillator operating at sonar primary fre nuency, (Plug in unit)

— 13 — C0NIo’1DE~ FIAt
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60. tland pass filter centered -~ kilocyc)cs below sonar primary frenuency

to eliminate side bands frem beat frec~uency s1i~nal in restoration by

addition in heterodyne mixer (5-t) of original sonar signal . (Plug

in unit)

61~, Band pass filter centered at sonar primary freonency and 600 cycl es

wide. (Plug in unit)

62. Band pass filter centered at 1 kilocycle 100 cycles wide to separate

pilot tone.

63. Amplitude detector to provide rain control si~nal from pilot tone

amplitude.

64. Variable rain ampl ifier whose ~main is determined as an Inverse function

of pilot tone amplitude.

65. Diffe rentiating amplifier in sonar audio ctuinnel only to indicate

absence of pilot tone for use by transfer switch to separate transmitted

pulse and to provide keyinr pulse.

66. Transfer switch for output of variabl e gain amplifier from playback

circuit to oscilloscope for nionitorim~ transmitted signal, pulse,

and ~ave form~

6?. Iland pass filter to el imina te harmonic distortion products from

variabl e gain amplifier in playback circuit.

68. Variab] .e a t tenuator  to provide proper signal level in i~layback circuit.

69, Pulse phase demodulator to restore video sweep sirnal and coumnentary

if pulse posit i on modulation (Option D ) was used-.

70. h and pass f ilter  ror separation of freonency modulated sicnal to

restore video sweep si.rnal.

7l~ Band pass f i l t er to separate counuentary which was recorded clear -in

mixe r (3?), and fed to variable attenuator (81 ) and amplifier (82) for

reproduction.
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72. Frenuency di~crIaiinj t or for restoration of video sweep signal.

73., lland pass f i l ter for sepa ra tion of frec uency control siEna l from

oscillator (33) in the case of frenuency controlled fre c’~ ency

modulation for video sweep record ing. (O ption C)

740 I’reouency divider (Binary scaler) for frequency stabilization of

video sweep signal channel ,

• 75. Band pass fil ter  to restore sine wave from output of binary scaler.

76. Heterodyne mixer for frenuency control of stabilized playback circuit.

77. Highly stable control oscillator for stabilization.

78. Band pass filter to eliminate other interinod ulation troducts from

heterodyr.e mixer (76),

79. Variable attenuator to control the level of video sweep s irnal  supplied

to the sweep generator,

80. Sweep generator for reproduction of three phase sweep signal from

si ru~le phase sweep as recorded .

81. Variable attenuator for control of level feeding comentary playback.

82. Power amplifier for playback of coninentary.

83, Loudspeaker for playback of co~ nentary,

— 15 — eON iILTht TIAL 
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Priaary Frequency (P5) 14 kc 20 Icc 24 Icc 25.5 kc
Signal Carrier (sr) 4.67 “ S “ 4.8 kC 5.1 ~
Beat Frequency (F0’) 9.33 “ 15 “ 19.2 “ 20.4 “Oscillator Frequency (P 0) 9.33 “ 5 “ 9.6 ~ 10.2 N
i (F~,’/r~) 1 3 2 2
Control Frenuency (Fr’) 9.33 “ 10 “ 9.6 1 10.2
u (Fr’/Fc) 1 2 1 1
Aaosmt of Doppler D

• Tractional increase in tape
speed S

SIGNAL (F5 +D)
‘I,
LINEAR MIXER f—PIWT TONE (F ‘ + 1 icc) TRA I~~LATOR OSCILL4TOR
J~ 

F5 + D & F 0’ f- l kc 1~HETERODYNE MIXER ~ F #— SAND PASS FILTER f.- xli 4- HARMONIC GENERATOR
4, J~ 2n

BAND PASS FILTER BAND PASS FILTER
11, V 4 D & l k c  j Tr’LINEAR MIXFR 4—4, Fr~~~D & 1 k C & F r’RECORDER x(l~~ S)

~I 
(Fr 1’ ’)&l~~~& Fr’) (1 + S)_

BAND PASS FILTER BAND PASS FILTER
I .1, Tg~ (1+ 5)I BINARY SCALER a 2J, (Fr +D & l k c ) (1 + S) 

~ Pr’(1+S)/2RET ERODYNE MIXER d BAND PASS FILTER~~ HETERODYNE MIXER
(F
~
’(1 + s )/2) 

~

‘ F5
BAND PASS FILTER MASTER OSCILLATOR
4 f F r *SFr 4 D ( 1 + S) 4.Fs _ F r’/2

_ SFrt/2 & lk cSIGNAL
4’ F5 + ( l 4 S ) D + l k c  Tr ’~~~ 2Tr

FRECIUENCY STABILIZATION

Figure 2 
~~~cSf~’

-

q

•

Cc~~~~
.

~~&~~.&_J’

-



-
~~~ -~~~~~~~~~~~~ ~~~ ‘~~T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--- ---, -- 

~~~~~~~~~~ -, -•-—.--. .------
- - - ~~~~~~~~~~~~ - - - - - —.—, -

k~~~~~~~~~~~~o ,N!~~3v3T~ u
_ _  

Q~~CI

_ _ _  _ _ _  _ _  _ _ _  _ _ _  

-
~

-1__ --- - ---- -- -—-
~~~~ ~~t _ _ _

-. - 

_ _ _  ~~t 1T
F~ ~~~~~~~~~~~ F 5°~~~~~~ I I T

.I
~~
-tJ 

P~~AMPL%FlE~~I I
4
~~~~ 

‘ ___i L_ ‘ ____

-

~ 
• 1  - 

-I
1

L~~~Tr i L 2 __
~J _~~~~~~~~~~~ 

_
~~~~ 

- -

_  _ _  U F _-

I VA IZtA~~T1 [ VA2%A ?A $ 1 1 1 1
~~~~~~~~

, 

fA—rr~r’J ~~~ I A U1T~R~ I 
-

~~~ L_.~~~_ J  L ~ ___] _ _  L~~
r~~ Lc~T~~~~4~ j flL~r.~~~1 I ~~~~~~~~~ 1

L°r~I~ ~~~L~~~~?~~~~i L1~~~~~~~J ~
L____ J Alil

~~~~~ r _ i
_ _ __

1 c1eN tc~~t~~~ ~~~~~~~ 
A?’~%?L~Ft ER

L _ 7_ J L ‘ 1 6 __J L _~~

-

~ . 

I

AMVW~~~ EL ~~~ 
_j fl_.~

~NOICA1~~~ ~ _ _ _ _ _ _ _  

9] -
O~~ IL1.ATO

~~tf
3 _JJ 4

T2a~p4SFE~ 
-

$0

_ _ _ _  

~~~~~~~~~ 

~~~~~r ‘2 . I 1 
-

- 

‘ 
- DA~~ PA!~5 -

- 
- 

• r,LT~R.

~~~~~~~ / 
—

~~~~~~ ( 

-- -Th -
~

_ _ _ _   ~~~~~ J 
~~~~ _ --- ~~~~~~~ - ~~—--- --- ~~~~~~-- - 

_ _~_ _ _1 
_

- 
-- -~~

-- --- ---
~~~~~



- - - — - - -  ---~~~~~~~~~~ ~~~~~~~~~ -- - -  - - - - -

Q~ CO~ D~NG BLOCK Dt~c~Q,\M

AUDIO T~~AIt ’& 
- 

G ~~O I 3*~’P~ LOC3
5~fr.~C.I4QO O~DE& ~~~~~~~~ ~~~~~~

~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
L__ 

_ _ _

~ I j ~ _ _ _ _ _ _ _ _  _ _ _

T 

- 

____  
_ _ _ _

I 

___ 

--

- .1 1
~~~~~~ i L_ 37 i ~~~‘ L “ -

-

~~~~ Lt.~~~~~~~~~ ti 
~~~~ rAVAI

i H
- - 1 ( I 1~~ ~

-- - -

~~~~~~~

- - -

~~~~ I—1 r~tEc~AbJIc4L1 F 

~L_ r 1 F __
- ~~~~

-

-
~~~ L ~~~~~~~ L__ ~ e 

~~ 
[ ~~ I ~~ i ~~ i

T ~
FA~~

A6Lk
~~~

I
~~~~~~~ i i

- ATT~I~vATa~ .I - I I -j  J _ _ _ _ _ _. _J I I -

~~~~~~ 
j  

—~~~ 

-

~~~~~~

- _ _ _  H _ _ _  _ _ _

~1 TgoDi~~. I I - 

—I -

L ~~~ j  I 4OA __j I 

~2~—_J
- 

_ _ _ _  
1~ __t_ 

_ _ _ _

H~T~~~E~Y~~~
- I “4’ X~ J~~ ~~~~~

-- 
~~

— 

- 

-

40e 40B 40

[
~~F1 ~$!] Hr r:~~i

1 
BE5 1

M1411.1 1B1E COPY 
-

-

3 ~ I

I _ _  _ _



--.---- 
~
-.—— —- - - - -—,----~~-‘-—.-, 

~~~~~~ — - — — - -
~~~

- —
~
--——-

~ ~~~~~~~~~
——-- 

- 

.
~ .W~I!uI

pUU,

L0c~
- I

_ _  

~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

F I’JA tA ~4_~-1 r AUDIO 1
L ~~A T-n=NuA1~~j ~~~~~~~~~~~~

___ ________ - 2. ’~- L z~

~~~~ 
1’ AVAI[AiiE COPY 

_ _ _ _ _ _

I1~~
- 1 ~—~i- ~

- L’~- ~~~~~~~~~~~ 1
t~iTT ENu~ -j~~j

_ _ _ _ _ _ _ _ _  L

r 1 -
~I s _ ~-

_______  29

T

t 

~~~~~~~
--

404 _—J 4-IA  
~ 

A
T 

_ _ _ _  _ _ _ _ _ _ _ _ _  

I 
~~~~~‘-~~~~ vA~~ 1 L~ PJ ~J~~1

~

. 

I I 1 - 1 ~ ~~ix~~a

L 4Oi?
~~~~~J

” 44
L
Osc.iLLATo

~j  

I L

_ _ _  

A’
_ _ _

S L_- 
~~~~~~~~~~~~~~~~~~

L

• 

_ _

r~~~~~1

~°t~~r—~ ~;r ri _j__  --- - --.- -
~~~
-- -_- --- - _~~~~~~~~~~~~~~~ _ ___ , - -—

~~~~~
- -  _1_ _  1 .



T~~r 
- 

~~V’~~~ ~T 1Y~ FT~~ TTT~ L~
w a E~~~~L?~H0L~t~1 

1 1

_ _  

1~~~~~~L.L1J 1 Ei~ :-EJ~ 19
-I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

—-

_ _  _ _  

~~~~ ! 
~~4

_ 
1

-- ‘4- - ‘‘ L l 

~~~~~ _i
- 

_  _ _
- 

. 
•
~ [~~~ND PA~~ 1 

I I 1r I L .r
~ Q. i

_ _ _ _  

%LI
~~ _ _ _

1~~~DP~~SI\ r ‘

L ~~~ILT~~~k.. AkPL’Fi~J~
;

9 _j/ - - 
I 

- -l 1 1

_  _

~~~~~~~~~~~~ c~w~
) 
c~~~~~~~~~~~ =~~~~~~~~ 

r~j~
- 

•

~~~~~

. - - ~ ~~~~~~~~ ~r 1
- z i

I r~~~ 
A. V - 

~ . 
I ~I - -

- - -

I .1

- I L%W E~R.. 1
I M I ~~~ .2 I.~ 

-.

[ zz __j

1 1
.
~~3 J

1•0 PECO QD~~~ AMP!~x ~OT-4 

~~~~~~~~~~~~~~~~~~~~~~~~~ -- --- 
~~~~

- -



___ - —---- - - ---- -

~~1 ~~~~~~~~~~~~~ ~~1 - ___

‘~4 t X ~~.2. ~~~~~~

--

___  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  L 40 k~

~~~F~LTLP~~~ 

~j~i L~2~J 
4;

~~ ~~ _ _  

_ 

I BESFAVA11m/~1E COPY

__ -

~ ii~i-i±i~ _j_____
~~~~__  - - - —

-

~~~~~~~~~~~~~~~~~~ _
i 

__i 
~~~~~~~~~~~

L ii ~~~~~~~~ 
‘
~~~ .~r ~~~~~~~~~~~~~~~~~~~~~

- - ~~~~~~ 
-
~
-
~ 

•-
~~~~ ~~~~~~~~

- C 1 ~~L~J’, ~~~

L~. _~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



r~ 
-w 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~

1~t~~r~ vA~1 I--i ‘-J 1~t.~ie-. 14 
‘ ~ -% LTEJ~~ 

-
~~~~ M ___

H [ j-. ~~-{~~~~~~L A o  
I -j

- A’ 
_ _ _ _ _

~~~~~~~~~4 t . 4.
~~~___J 1

4

LIr4EJ~~j

____ _____p

I F~ L1~~~~~

~~~~~~~
• _ _

- - - - Moc vLATbc~

- - j  / H
~~~~~~~~~ ~oUPLt~~~3

~~~~~~~~~~ 

~~C~.ASS1FIEO
oQ 1’ ~~~~~~ ~~~~~~~~ E~-~ ~~~~~~~~ 

- . - - --
— - 

- - - -
~ 

--- -S - 
~~~~~~~ ~~

_

F14~ JRe •3
____ 

_ -~~~~ 3~~~ - 
2’S  ~~~~~ 5~ 



I---- 
~~--~~-— 

- 5— _— - —
~~~~~

SONAR RAW DATA RECORC
/ I

_ 

:
~~~~~~ 1

(

BAN~~ PASs

) L 571

(
~~~~~~~ L~~~~~ R 

~~~~~~ThETRODYN
EJ 

_ _ _

r BAND PASS r
F U T E R

__
) 60 J) 

I

LOScA~
R F 4 HETROOY NE 

_ _ _ _ _  

_ _ _ _ _ _

BAND PASS I BAND PASS
FILTER I FILTER

6 1 6 2  6 1  6 2  6 !

• 
AMPL iFIERJ 4___

~ 
G 3

~~~~ J 64 63 ~ - 6 4  

4 _ _ _

O~~Cj ~~ O5COPE 
f4 

~ 

TRANSFER 

J.
DIFFERENTIA

~~ 1
SYNCH 

I, 
_____ ______ ____________

BAND PASS 

L ~ 1 1 ~~~~~~~~~

VARIABLE I r_
- ATTENUATOR

68 68 ] 68 

L~- ~~~~~~~~~ --- .



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COR DING SYST EM — PLAY BACK BLOCK DIAGRA M
‘

~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~-

- -_ _ _- - 4 4 _ _ _  _ _ _  _

F ILTER

____ 

46 4 3 44  43 44 43

I I AMPLITUDE
I I DETECTOR] 56 L 4 7  47  47 47

— 

4 4 4 4 4

T LOW PASS
F ~TER

—1 

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F B AND PASS

57 48 48 48 48 48

4 4 4 _ _ _  

_4
- VARIABLE —- ATTENUATOR

58 49 49 49 49 49 —

~~~~~~~ 1 
4

- 
AMPLIFI ER r I

60 50 50 j  50 50 __J 50

4 IX  4 i i x  4 i x  4 i ix  
_ _ _ _ _ _ _ _ _

_ _ _

_ F LSI

~~

FL _ _

~~

L5_
_ _  _ _  L~ _ _

Li 62 

I F  ~~Il r1 _ _ _  _ _ _

_____ I 
GEN E R A T O ~

J 
[ 1 1 ____________ 

I4~~~~ 63 52 
_ _  _ _  _ _  _ _

I X  3 6 X  I X  36X  I X

AUDIO TRAIN GYRO COMPASS SHIPS LOG
3YN C~ RO ORDER SYNCHRO ORDER SYNCHRO ORDER —

~~~ 1

- - - - - S  ---- -- ~~~~~~~_ -  — - — -— - - _-- —i~~~~~~~~~~~~~-- - j



—‘ ----5-- - 5—- 
_ _-- S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

K BLOCK DI A GRAM
3

- - - - - 5 -- ----__-o

~~~~~ 1 L i[I7~

~~ i ~~ ~ 4 T J  r :~i _

A ’ -_
1 F I I 1 1 I4AND PA~~~1 I RANU~I I I I I I I F t T ~~ H I I F I L T E R

‘1
~~_J 1~~~”~_J L_. 4

~~ J L 4~~~_J __70 _J L_ ” 
— —- - --~~~~~ --- -—--i r-— --

~~~~i 
v—5 -

I I I A MPI I i
I I I DL T I C TOH

— 
4 I __j 

- 
4 9  __J - 4 - ~ J 4 9

r - - 
—i 

- 1 r HAN ~ ~~~
• I - I - 

) F I L ! I R

L , ( l  _J I

~~~

‘ I  
- -

~~ 1_ 
- 

~~~~ 
-~~~~~~~~ 

B

1 r —  - I Cl AN !  $ 5 ,~5 57  [~~~~NP PASS
I [ FIL1 1 Cl r u  ri~I •_ _

~~~~

._
~~ 

- 

i 
—a ________

.__L JT, - -Ta J - 5 -  - - *I F F R t Q L I l N t ~~ II 1 DJ S CR , M IN A T )HJ
52  J ~~~

• I 5~ 
- 7 2

I N Ti 1 - -
~6 X I X

GY RO COMPASS SHIPS LOG
SYNCHRO ORDER SYNCHRO ORDER ‘~~~~ BA NO PAcS

7
i
0

F( ONTR (~LI Ill
I •

“ A L E R  I r 1Dic RIMINATt ~RI
74  7 ?  J

[~~~
D PASS

~I
FAND

~~ SSJ



T BAND PASS — -  ——— -  —-- - —
~~~~~~~ 

—5-

L~~~
ER 

~ 60j 3
F OSçt;4~~R LF ~_ _ 

_ _ _ _  

~~~~~

-_

_
_ _ _

BAND PASS BAND PASS
FILTER FILT ER

61 62 6 1  62 6’

4 41 4 4 4
VAR IGA IN 7 AMPLITUDE I F 1 14I A MPLIF IER ~~ DETECTOR I• [ 64 _J 63 J 64 7 63 

- 
64

I0s
~~

0
~

0
~+ 

TRANS FE R 

} ~DIFFERENTIAT

j

~~~~ SYN C H 

_ _ _ _ _  
4

~~~BAND PASSJ 

~~ F
[ VARIABLE I

ATTENUATOR I
68 68 68

1 4
AU DIO KEYING PULSE VIDEO LEFT VIDEO RIGHT

4
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— ~~~—



r ~~~~~~~~~~~~ - -

60 JJ 1 5 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ _ _ _ _ _ _  

_ _ _ _ _ _ _ _  

4 I IX  4 I X  ~~~~HX 4

_ _ _ _  

I 
~~~ I~

R 
~~~ I~~~5I ~ T 5l , +L~5I ~ 1

- t
_ _  

y

Ji i i  
I 

~~ 
_

- 
_ _ _  

4 _ _ _  _ _ _  P-~~ Li _ _

F 1 F I SY NC HRO
4 I I GENERATOR

6 4  J L 63 __J 52 52 52 52 F

UI IU UI - UI U
IX  3 6 X  I X  36X I X

AUDIO TRAIN GYRO COMPASS SHIPS

4 SYNCHRO ORDER SYNCHRO ORDER SYNCHRC1 r 67 i
4
68H

4
VIDEO RIGHT

SW
GENEI

VIDEC

E L C

c L~~
COMP 

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- T~~~~tJ ~~~~~~~~~~~~~ ~~~~i i x  4 i x

_ _

_H
_ _  

B
___________ 

____________ R E F E R E N C E  

BA ND
SJ

~~~~~~~A ND PASS

~ 
4
] 

4
] D?SCRIMINATORJ 

I

RO COMPASS SHIPS LOG _________ 4
NCHRO ORDER SYNCHRO ORDER BAND PASS BAND PASS

FILTER F ILTER
573 70

4, 
4,

B I N A R Y  CON TROLLED
SCALER -1D~SCRIMIN ATOR

74 [- 72

4, _ _ _

BAND PASS I BAND PASS
F I L T E R  I FILTER

~~~~~ 78

4,

I ________
M I X E R

76 
________

OSCILLATOR
_j 

BAND PASS

-

, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

VI DEO SWEEP

1 L O U D ~~~l F POWER 7 F VARI ABLE I
_________

[_

SPEAK E~~
_J

~~ 1 AMPLIFIERJ~~ I AI TENU AT OR
_r

COMMENTARY 
‘

CODE 2123 -12-55 
-- - _ - -- -_~~~~~~~~~~


