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A BSTRACT

duce ot paper tape thi sonar signal pattcrn produced on the
g,.sr-lhI)%rimlP•.. ii the Snnnr Rereiver R404(XB-l)/UQ (Range

atle Indica.tor). The patiern is a plot against time or range in a
retctangtlar coordinate system of the time of arrival of successive

iKgukal wave crests ibi a itnear ordinate time scale runniklg from
0 to 360 degrees of phaee referred to a controlling reference
oscillator which Is adjustable in frequency through the sonar
frequency range 20 to 30 kIc.

The recoruing of the time of arrival of a signal wave crest
within the period of the reference -oscillator is accomplished In
this chronographic instrument by a set of equally spaced styli in
line across an electrochemical ptper tape which moves at constant
speed. The styli are in separate rthannels which are gated in time
sequentially by a reference-oacillator-controlled sawtooth wave
through an amplitude discriminator, so that the styli channels are
"open" in sequence through equal parts of the total reference
period. Arrival of the wave crest when a channel is "openn causes
its stylus to mark the tape with a dot as a result of the coincidence
pulse.

The recorded sonar signal pattern, presanting the same infor-
mation as that in the transitory display ou. the R404(XB-1)/UQ
oscilloscope screen, iR a permanent graphic display providing
unlimited time for detection of the signal in its background and
for analysis of the signal pattern for full appreciation and acqui-
sition of the target information it contains.

PROBLEM STATUS

This is a f Ina! repkrt on one phase of these problems; work is

continuing on other phases.

AUTHORIZATION

NRL Problemn C•6-6 and 807-16
Project Nos- NR 406-160 and NR 527-160

Maiausrartpt submitted Jarm;ity i2'. I .4
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A PHASE RECORDER FOR USE WITH THE
SOJNAR GUAPUIC INDICATOR

IN"TITOODI IC TION

Theb'Sar Graphic Indicator (Smnar Receiver U404(Xs-1)/UQ,) premints on a cathode-
ray-tube scvreen the developing sonar signal pattern as a transient plot of signal phase
versus tim,: or r&'nge, the reference of pLaue being that of a stable reference oscillator
set at near signal frequency. Transmitted ping, reverberations, echo, and noise are dis-
played in time sequence through successive equal increments of range in the same screen
area. The echo appears transiently as a distinct pattern in random or contrasting back-
ground (Figs. 1 and 2).

3W-m

Figure 1 - Noise Figure Z - Signal and noise

Since the eye Is capable of retaining complex observations for only a very limited
time, It was realized early In the development of the Graphic Indicator that the a-ddition
of a device of long;er memory would provide improved signai analysis.

A continuous strip presentation of the essential signal Information by means of an
electrocheMical recorder system was an obvious approach to the problem. Such a sys-
temr would provide a permanent visual record of the complete time history of the signal
as it developed.

Tho dWviInnmwnt nf t•ih• reort-d!!na system was und-rtaken by .the Applied R-.tco'.rch

Section, High Polymer Branch, Chemi-itry Division In close collaboration With the Special
Pr'ijet f•-, &4-vtioa. Transducer Branch, -m3uud Division.

The high -writing speed required to, follow accurately the characteristic phase-shift
patterrs produced by the Graphic Indicator precluded ;:h- use of the usual single moving
ia-n or ;tylus. The high reference frequne'y sweep speed Jikewise made intpraticUal the
us•.-, f ih,- Ianiai!iar hell-r: a4.,d ni Iiiah'g 1',- .ifra!-tq.st tiliii col Imoll ito fa'ijc ih,. :y-Aen:;. The
!uinti 1V Irnaidenit was :-_'-lv.d 11vY the d .sik i" o a w€- w tyf - -if recordlng head -ri taining a

•EC J.-(. i.E'F I
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rtnw of~ iw.-ntv shl'n~y -40y rri1n1nic-gl Ira1-vcs.I :w,.-y lt' I ;4114~iii ,-~-~ lr- Bay 7)16

TIt,._;- m-vau.s of 'ne.rgizinK the nfibitiple stylu.s r,-i•i;-ding h.a;-d we're inv'astiKageed and
two w,.r, I.:lit initoi ronip~l,*d r('c_ ,'ding sy2-tems. Th.e other systvm wa.- ;uscqt:ible to
lit,.i, in-terleret•'e 1nd '!though it mnay have appltiati,•"s where n-i:r, Is st[ a prablem, it
w.U; uz.-Niiiai'h. ten tlhis jM0i1Cular applic•ltuu. The two cmipleled tnystenm diffei ed In
that the firdit model depended on a series of twenty miniature phototubes arranged aci-oss

te uia',,ue-.-i~y-iuibe' screext t, an otsctiiohcopt slaved io ihe Graphic indicator (repro-
ducing the :signal pattern through twenty stationary styli on the recorder tape-), whereas
the i•nal model u.sed a new type of commutating system which eliminated the cumbersome
and often unreliable phototube arrangement. Qualitative peiormance tests have indicated
that this -iystern is capable of meeting the requirenm-unt, of the problenl.

It is belteved that the method of commutation described in this report, or an adapta-
tion of it, will find application in related fields; and that the recorder systems may be
adaptable for the solution of similar recording problems.

The main text of this report is concerned primarily with a discussion of the final sys-
tem. The first two systems are described briefly; more detailed descriptions are given
in the m.pendix.

RN VIEW OF THE SONAR GRAPHIC INDICATOR PRESENTATION

The Phase Recorder was developed specifically to be used with the Sonpr Graphic
Indicator; therefore a brief review of the principles of operation and method of display of
the Sonar Graphic Indicator system is necessary to provide the background for a com-
plete understanding of the problems involved in the development of the phase recorder,
since the characteristics of the former determine the specifications for the latter. The
following description ta quoted from an earlier report (1).

"The Graphic Indicator incorporates a number of features which distinguish it from
other sonar systems. First, the signal information is presented and compared from
cycle to cycle rathe- than from pulse to pulse, as in conventional sonar systems. Second,
the system differs baically in that the nature of the information presented is dependent
primarily on the time-history of the signal rather than on its amplitude characteristico.
In other contemlporary systems, the signal amplitude energy is treated as the primary
parameter, the time or phase character as a secondary one. Finally, the visual presenta-
tion used permits perception of very small and transient variations ,ith time in signal
phase or frequency, and tbuM enableh an operator to gain information vhich cannot be
obtained by the other methods.

"The simplest form of the system is that illus.,trated in the block diagram of Figure 3.
A Round wave of frenquncyv, F_ in imnoqpd nn the transdi,.r, u.ith the re±•ultng oUtpUt of
the transducer a voltage of frequency, F8 , (Figure 4a). This voltage is amplified by a
bandpaiss amplifier -.o that the amplitude is increased while the froquc.-2y remains
unchanged. The output of the bandpass amplifier 1- applied to a pulse generator which
forms pulses of equal amplitude and of the same polarity at the positive crests of the
alternating voltage (T'igure 4b). The intelligence In the sound wave is thus converted Into
a train of pulsed significantly s"-ced in tirm, and the spacing between pulses is the period
of the signal wave. The pulses are operated on by a pulse ieugthentr which expands
them indJv~dually to the length desired without affecting ihe time-spacing or reipetition

SECRE"7
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Figure 3 - Son-'.r Graphic Indicator (siro.ilified)

frequency of the pulses (Figure 4c).
The expanded pub:es are applied to the
Z or intensity axis of a cathode-ray
oscilloscope, so that the intensity of w Irmiii 1U0L

the spot on the scope screen Is ralied
to the level of visual perception each
time a pulse occurs (Figure 4d). _ _ .

(-l Jli@fPT PMM 61lG lIl

"Application of linear sweeps of
appropriate friquencies to the X- and
Y-axes uf the oscilloscope, then, reuultc - J W _ __

in the combination of individual spots Ia) #.1 ,f P1 iii•l
appearing as a continuous line or lines
(Figure 5). If the frequency applied to
the Y-axis, which may be designated
the reference frequency, Fr, isthe same r -
ab the incoming si3gal frequency, a hor-
izontal line appears on the cathode-ray (dl itl of IN! (ItillY[ TA 1-AlS t31[1 [lmNh)

screen (F.gure 5). Under this condiion, Figure 4 Graphic Indicator waveforris
a zero rate of change of phase exists, or
a zero frequency difference, between the
.eference frequency and the incoming
sinusoidal signal frequency.

"Since the spot deflections in the
Y or vertical direction are against a
linear phase scale extending fr .-a 00 to

3600, referred to Fr, the position of the
line on the screen remainH constant if Figure 5 Composition of
the phase difference between the incomn- presentation F3 _. Fr

ing signal and the reference signal is
constant. If AF (which lx equal to
Fr -- FM) is less tMan or greater thai 0, the line assumes a slope whose difference frain
zero depends on the extent of the frr.quency difference. For example, if take frequency of
an incoming sigval Il one uycle per second great:kr than the reference frequency, the phase
will advance 3600 during a one-second Interval, o.: at the rate of one cycle per second
over the reference signal. With an X-axis sweep of one cycle per scrond and a square
raster, a line will be produced makirng a pegative angle of 450 with th,. X--axis, as ifhown
In Figurc 6a. Likewv•;c, when the tnconiing signal freque-ncy Is ouse cyci- z-ie sctaid l,.-,.t
than th,; reference freque.icy, the line will make a. positive anKhl' f 4551 with the X-axit as
shown in Fig. fib.

SECHET
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/ l'greater Mha. 360" per vero]!d and, flor LA ul'-

I'/ second horizontal swovn, addition:a • ,i,,Ang lineos
/ in a parailel set alpp.i'r in tLe square raster.

The slope or tangent o( rhe angle P Is directly
V_ J propKortlonal to the frequency dIff-wrenre. ,.'.

(41) Fs in I tps ()IT FS is I cps "As the slo)pe Increases, the number of
or.•-lrr fhmin F l-qa Ibn FT a-FI- i rps X cps lines Increaser, 2vd the spacing between the

lines decreases until the erv is unable to resolve

*igure 6 - k'requency intlicatiunt an individual line, as illustrated in Fig. 7. From
the standpoint of an observer this c!ýan be

considered the edge of the visual bandw.!th. As A F Increases abave or below a center
frequency (Fo 0 ; Fr), a definite frequency range irom which intelligence can be perceived
is traversed. This is defined as the visual bandwidth; any information not resolv-d by the
observer is outside of the v~sual bandwidth.

"-"---- The lines (or truces) in the signal pattern may deviate from the clear sharp
line or lines characteistlic of a strong signal of fixed frequency and constant cycle-to-
cycle periad. Such deviations are caused by variations of phase or period within the sig-
nal's duration, or by apparent variations due to distorlit t by noise of the signal phase or
periodicity (Figure 8).

"With signal in a high noise background, the writing dots do not fall precisely at the
signal wave crests, and the signal trace is a broadened line or band of randomly spaced
dots, the dispersion tending to center on the line which would have been developed had the
noise level been lower relative to the signal."

THE PHASE RECORDER

The principal problem;s involved in the reproc.uction of the Graphic Indicator signal
display on paper tape were the design of a suitable recording mechanism and the process--
Ing of the signal. The usual recorder designs, such as moving pen or stylus or a helix

AF,(AFp44p )-40 aF.!S .1-2 &FA-I AF*O .F.+I AF"+2 AF"-+ AF4A cm)'l+40

L fIrl 1L .LJ .I1 ]J
-AF --- F -a +aF

Fa, I 1cp

Figure 7 - Pr,-.entation ,uv-rr., frerq,,ency iangr
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a~eI tripm hýimr h irl : ar~ ngeniveii, wi e uI a itid
hv(-:.wtll;v` +if 11he hion, wri",'Pthlg-tipcvd. rcqul+l-,rivowln. A
Jtllitl) 'dyin,,-.-rnrrd•l'g head was designed which - .

w:& i-;qIpallIr iS very fast rexponse, -sinc.,! it had nf)o
IE,.t l:-.i.: part:; and ufr:ratat(d by th .a:|ii-ation of
el, Arial energy to the appropriate ,tyhus at the I
proi4-r,, F1,,.. Ti!Lt fast response accurately follows
the inanslent phase-shit characteristics of target (a) Gonutant (b) Signal with
,.rhuii. within the basic limitations of the system. phasc signal randomn phasn

The problem of properly energizing the nail-
tiple styli Involveda system of synchronization and
distribution - Lie.,commutathn. Several possibili-
ties i ere considered but were rejected because of the excessive and complicated circuitry
Involved. These included the use or a muit ple-electrode radial beam tube, an experi-
.nental multiple-anode cathode-ray tube and a ring-type multi,'ibrator system or scaler.

Another approach was the use of a series of miniature phototubes arranged across the
face of an oscilloscope slaved to the Graphic Indicator as the distributing element for the
printing-stylus channels. A twenty-channel recording system based on the latter method
was designed, built, and tested. Although the display pattern of the Graphic Indicator wat
reproduced with sufficic.-t accuracy on the recorder tape, the phototube arrangement
proved to be cumbersome and unreliable. A relatively simple means of commutation was
then explored involving an adaptation of a multiple-channel, pulse-height discriminator
or "ladder" arrangement of step-biased multivibrators in conjunction with an adaptation
of the Kretzmer phasemeter (2). This system of commutation was successful but the
phasemeter proved to be noise limited and was never used in a completed recording
system.

The final development u.Led the discriminator type of commutator in conjunction with
channel-coincidence stages to reproduce the Graphic Indicator displa7 by sweeping the
commutator with a reference-frequency sawtooth waveiorm while injecting the signal
pulse into the common coincidence grid input.

Physical Design

The phase recording system consists of five units, rack-mounted in a five-foot metal
cabinet as shown in Figs. 9 and 10. Each unit is easily removable for maintenance and
transportation.

Theory of Operation

4 block diagram of the recording system is shown in Fig. 11. A reference frequency
sawtooth waveform is taken from the Graphic Indicator and fed to the twenty-channel dis-
criminator common input. This linearly changing voltage sweeps the sten-biased runlti-
vibrators, producing an catput pulne from each of them in succession. These pulses are
applied in sequence to one input of the twenty coincidence tubes while the signal pulse
from the Graphic Indicator is fed to the common connection of the other coincidence-tube
inputs. Thus a given phasie differen':e between signai and reference frequencies produces
coincidence output pulses from a particular stage, and changing phase diffeletice produces
coilncidence output pulses from surcessive stages in 180 zteps. These pulses are fed into
twunly 'khnhftfi trjuvers paid titms nuverted, widened, aMd a.apllficd into p),;1tiv(- squarc

IFCRET
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FicuLre 9 - Pha-e recorder assembly Figure 10 - Phase recorder assembly
(front view) (rear view)

.A.

PULSE

-- ~w --- 0 .. .4 -L .. °,''-ITM
M-T N CHANMEL PUTHITJ CflNCINt - OUTPUT -: STTLI

QEHERATt NCIMINATOM TT.fl -

ME,- LNCI o, - .._ LZ7 _JI -M

PULSE~l

Figurc I I - Block diapran. at phase recording e, m-tc,

waves ,suitable for unbiasing the output tubes to produce the required heavy current pulses
fewr marking the paper tape.

Electronic Design

Tixe use of ntaardard electronic components in the most compact assembly po.shible
dictated the use of t wo units to pr•ovide the required twepty channel.s. These have bween
p- _ | the etrtncidenee ontP d IN'the mtiit unit-

Vo{nchite U!n t --I-The schematic diagram ofi urc channel (4 this unit, and photograph.,
i4f fiv. unit ass•-i.biy are shown in Figures 12, 13, and 14.

SECRET
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Figure 13 -Coincidence unit (top view)

BLOWER MOTRo ROWER SOCM T SAWICOIN PIN JACK/ SIGNAL PIN JACK

Figure 14 Coincidence, unit (bottomi view)



TIt*,- re.fd-i-P.ilC -frlr. w sa w'- ,; )It ', $h v•:-. -J r .*li:mv J:; fed• •• to I |h imicrophJne C:iIUCC -

:h:aiine-i. sqlq. Mia.'.'d, multhplýh di•riwr•nin:;tor in- lvlrr IV' rouplhitg lyz requlrcd to nrlke
the full :..cp vall:hic. The :qtzar wai'.. pul.e; fror. the tr-Iig r h.ve a f:'-t .!:;t liicic.
w!.ich 1:-" P,,-.vi •.,1 hiveir Ld by ineam os it ptase-spiitier s!age, so that this, Inver•i.-

eq-illy at•i decay time for a rombined pulne having a width controlled by the respecUve
liakm ,wtltnyn- A sI&rkl rr-l.tace coupling Is use] in combhilig thene two square wavlu
and, with thisý arrang--ment, die sawtcoth flyback does not produce any output pulke. This
er.nmlhil-d naulf, iJ €-.f- to one- rcntrol-arld nf thel, flR•N atoid-lwam tluhb and ran hA rhnrked

at the pin jack on the tront panel. Thie signal pidio trom the Graphic Indicator is fed to
the other control grid through the other microphone connector ou, the rear apron (Figere
13). When coincidence occurs, a 6 v negative output pulse is obtained trom the tIHNt tube,
appearing at the output connector on the front panel (Figure 13).

The ladder-bias potentiometers are readily accessible on the front panel (Figure 14)
for the original setup or subsequent adjustment. Input test pin jacks are mounted on the
rear apron along with the power-supply binding posts. Also on the rear apron are the
7500-ohm sawtooth amplitude control and the 1000-ohm bias-level control. These con-
trols are used to fit the sawtooth to the ladder, once the latter has been set up while they
are at or near mid positions. The trigger output of channel #20, having the highest biat
in the ladder, is uszd without benefit of an inverted pulse to form the decay side of the
combined pulse. Instead, the bias is adjusted so that the Bawtooth flyback will limit the
trigger pulse to the s9tme width as the 9ther combined pulses. The is done to avoid ti-e
additional trigger and Inverter that would be required for the usual combined pulse
formation.

The commutator sweep rate is limited in the present design to approximately 60,009
cycles/set, representing the maximum usable reference oscllantor frequency. This limit
may be Increased, or operation can be secured at any desired lower sweep rate by suit-
able choice of circuit parameters.

For lineup and test, a cathode follower using 1/2 12AT7 tube is wired in the unit and
connected to input and output pin jacks or& the front panel. This prevents heavy loading oi
the high impee-ace test points with oscilloscope input capacitance and resistance valut.,
thus preserving pulse waveforms.

In setting up the ladder, the essential purpose is to divide the sawtooth sweep equally
between the channels. It is first set to a value of appro.lmately 100 v at the rest point or
common connection by meann of the sweep amplitude control. The bias level controi is
set to its mid point. Then, with all bias potentiometers set to naximum bias, *20 is
advanced until an oscilloscope connected to #20 pin Jack (.ombined pulse output test point)
through the cathode follower shows a pulse having a width equal to 1/20 of the sawtooth
sweep time. If the reference frequency is 25 kc, for example, it will take 40 microseconds
for the sawtooth to sweep the triggers. Therefore, if the sweep is divided eq'ually between
the channels, each combined output pulse will bh- 2 microseceunds wide. The cathode fol-
lower is then plugged into #19 pxi Jack and #19 bias poter ometer is advanced uutll a sim-
ilar pulse is obtained. This adjustment is repeated on successive chaniiels ;.Atil thejf all
show a uniform combined output pulse. With reasonable accuracy, any discrepancy at
channel #1 can be corrected by adjusting the bias level control and then adju-sting the saw-
tooth amplItude contrAi (if necesr'ary) to make sure that #20 pulse remains as originally
set up.

4ECJRET
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II W1ll 11f. liE' i nt W4 , ,41!C _Pii r oinrntdtaior ,e-t till in th.- is ann-ir i~ fundawein':jaIlj
hi|dci;.Pdoofnl ni |ýI-(Uency. 1'im.s i hdvlaeterhLiir muay Lek uselful in appliiil.n:• for which
tuned Circuits avc Ihiadequatt- or irccornpatible.

Output Unit-The circult design of one channel "f this unit Is shovr. In Fig. iS. The
,oinciden'e outpot puls-e 1t fed into thin corresporiding rlcrophbtne Input connector on the

front panel (Fig. 16). It activates a Schmitt trigger ti prodce a square-wave output that
unhiases the output power stage., This stage Is biased off to -50 v and a corresponding

or1 £ fiufluadlpeflte cuviULUJi cusIVEL wiua in' &,ft1i,;6tt ia ~LEt --- --

the output current averages 50 ma from 1 or 2 channels at a time. With noise, it averages
irom 10 t 1.5 ma from each channel when the trigger biases are adjusted to give a uni-
formly Iitht Wntensity of marking at mal.rn.um paper speed. This adjustment will show
signal patterns in the noise and still hold the current drain within the canablilty of the
output power supply tit. The trigger-bias potent'i-ineters (Fig. 11) can be adjusted to
compensate for tub,! or component variation by changing the square-wave pulse width,
thus producing equal marking currents in the output sta.ges and giving uniform printing on
the tape.. The output connectors and power-supply binding posts are mounted on the rear
apron (Figure 16).

PNwer-Pupply Units--The coincidence--unit power supply shown in FigS. 16, 19, and 20,
consists of an ac beater transformer supplying 6.3 v at20A and a standard electronically
regulated dc supply giving +300) vat 500 ma. The effectiveness of the circuit is considerably
improved by the addition of a 500,000-ohm potentiometer as a regulator feedback control in
the 6AC7 voltage amplifier screen grid circuit. This can be adjusted for maximum regula-
tion against line voltage fluctuations. The 250,000-ohm potentiometer is used to set the
proper screen grid voltage after setting the regulating control.

The output-unit power supply (Figs. 21, 22, and 23) is practically a duplicate of the
coincidvince-unit power supply except that it has a 30A heater capacity aid a -150 v dc
bias supply designed for a 20 ma load This supply is regulated with a gas-type regulator
tube (VR 150).

Recorder Unit Design

The recorder unit ts compact and st pIe in design, combining three major com-
ponents: the recorder paper magazine, the drive mechanism, and the stylus head
ansembly.

Recorder Paper.Magazine-The magazine is designed to accommodate a five-inch
diameter roll of recorder paper ** (Fig. 24). The paper roll core fits over a freely turn-
Ing flanged hub attached to the inner wall of the chamber. It is secured on the outer side
by a spring-loaded hub mounted otn a plate, hinged at the bottom, which drops to a hori-
zontal position to permit loading rolls and removing cores. This plate is locked in the

tThe printing intensity in greatly increased by broadening the coincidence output pulses
from 5% to 50% of the sweep frequency period in this manner. At the usual sonar oper-
attin3 frequencieL the resuIting square waves give adequate average printing current
and c-mitinuoun marking on the paper at all available speeds.

"**'lht- F:(c- P '-rtrde-r S-U.'-r (NY ! -i"- i tq,r .' .)AO I) .-v- ,•1,s-1 ini thin dvy ,hmnjant.- Its
propertie*s of high sensitivity, wide dynnannc range, fine deifJinition, anC high wt-t strength
were" es•pe i;ti ly suite-d it) im -et the- rigid requirements of tuimi hy nt eii,-
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Figure 17 Output unit (bottom view)
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Figure 19 -Coincidence unit ;-a~ ~pply (top view)

Figure ZO Coincidence unit power supply (buttoin view)
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F.gurŽ 2k -Output unit powet mupply (top view)
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FiRure 23 - Output unit power supply (bottom view)
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uprig',it or operating p•xs'lion %.v 4pr'ng
catches at the sides (Fig- 25). A i-iar-
r.'bw Irough containing a wet sponge is
attached to the innsr -"aIl of the cham.- Oattic CEAN ..
ber to maintain the r•-',!;rd humiitv. - ;,L:s wtie cA;E
The door on the side of the magazine iN rAhAIE
sealed with a rubber gasket, and rub- SMAFT Ns'
ber flaps resting against th,. recording
drum aid in preventing serious loss of BUM _
moisture.

Drive Mechanism-The paper tape
ii pulled from the roll by means of a
rubber covered drive roll which
presses against the paper as it passes
over the recording drum (Fig. 25).
The drive roll Is mounted In a fr._ame
and d r I v e n through interchangeable
gears on the left-hand side of the unit
so as to provide tape speeds of 6, 9, 12,
18, or 24 inciuf per second. The lower
end of the frame is pivoted on the driv-
ing gear shrat and both driving and roll

gears are cmnstantly in mesh. This
arrangement allows the upuer end of
the frame to owing torward and down
through an arc of approximately 450 Fivre 24 - Recorder uult(left-hand aide view).Paper magazine is open showing paper rollfrom the drive position to the "OFF• mountings in ioading position. Pap C r drive
position, in which drive roll shaft col- mechanism is in'Off" position.
lars strike the side panels of the
recorder body. This movement is
accomplished by means of a curved;
sheet-metal handle accessible through
the Gpening in the front panel from no taint_*
which the paper emerges. The mid-
point of the swing Is dead center for a ,r ' '-

spring-loadrd phunger attached to the AM= M V"
lower crossbar of the frame and pro-
viding drive pressure on the roll in the
"ONU position, and positioning pressure 6"4 g
in the "OFF' positior The driving
gear shaft is geared into a sealed gear-
box which is driven by a 1/75-hp syn-
chronous motor through a f I e xi t b l e
coupling (Fig. 26). The recording drum -

is a freely-turning, chromium plated,ut. ta)ULLty c•7I'I•tCIEIIAS t',,ie rv T oll IFi

general dimensions and located below
and behind it. The row of styli contact
the paper along the top of the drum and
the drive roll line of contact is in front,
Just above the level of the axle. (Fig. Figure 25 lRecorder unit(left-hand side view).
25). As the tape leavesthis line of con- Paper roll is in loaded position. Paper dr~vr-
tact, It is prevented from clinging to inechania,,. Th in t)n" position.
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'lrit-n !-v 5hcet metal gL'APs
iAred close to the rolls. 'The

-rcordlni drum ro Mlft !3 monited in
P-v t L i -!!a to per- :-it 2a :ntp:I t -ar ,'

I~nn t~flz~tti I ~yU.- tL U. Ii Lt 4t

nection hy means of an insulatze
bru•sh resting oi one, edg,3 -A" th-e

drum. A section of hacksaw b._de

where the tape leaves the machine,
to be used in tearing off desired
ptIirt~ius. A Iihikage connects the
drive-roll frame to the operating
ctm of the stylus-head carriage in
such a manner that when the drive
roll is pulled from the recording
drum, stopping the tape, the styli
are simultaneously lifted. Motor

Fl~air 71.? - R Per.rdinr 1Tnit (right-hand mide. vinw). -ontrol Is incurporated hin this
Drive roll In in "0CC" position. arrangement by having a projection

or. the drive-rull frame open a
raicroswitch just before it comes to
rest in the "OFF" position. Thus
the motor Is started in a no-load

rimin ISmTYUS ( condition a soon as the frame Is
A&AISmU Ilifted from the "OFF" position, and

it attains full speed unloaded. The
load is applied when thu drive roll
is allowed to spring against the
paper on the recording drum. This,
in effect, provides a manually oper-

SLOSink ated clutch mechanism.

Stylus Head Assembly-The
Figure 27 - Sts Ius head assembly stylus head assembly consists of a

(top view) row of 21 nickel-plated, platinum-
iru.m. tipped, 1/32-inch, flat, brass
blades mounted in a bakelite housing
(Fig. 27). (An extra stylus is provided

VTTUUUN UAUS & SEPARATORS for future connection to a timing
o Idevice.) They are separated by 0.010 in.

sheet teflon and mounted on a hori-
zont.d, teflon-covered, steel pivot
shaft (Fig. 27). A roll of gum rub-
ber presses across the t ops of the
blades, between the pivot shaft and
the tips, to provide adJustable print-
ing pressure by means of two screws

DOWtiU no.s!. in the top of the housing. A bakelite
crossbar above the rear ends of the
blades affords a stop to forward

k"i~urc? LH Stylue• ht.±_,iaeex" rfMAi(In oif th1P tyli when th11vy 31 4-

(botront vi .. ) lifted oiff the paper tapqe uon tie
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'A't Hit L! I":! fnU "r I 4?.AwS ECHO"

(a) Reference frequeYi ry n•-,•ilaltor aet to target hull echo frequency

rARGE!T TARETTRAVNkIrTED VOLUX£ 11AI[ NOUl VOLU•

PULSF RUEABERA 01•S ECHO ECHO HEVERSERATIOIS

(b) Refe-enre frequency oscillator set to average reverberation echo frequency

Figure Z9 - Phase Recordc;r reprodluctions at Sotar Graphic Indicator display patterns

recording drum. The assembly is mounted on a carriage plate, hinged at the rear and
riding upon a cylindrical cam or offset roller (Figs. 24 and 25). The carriage Is held
down against the cam by a coiled spring atiached to Its underside and suspended from the
hack pirPla of o!th recorder. Rntation "f the cam raises the styli from the tape sufficiently
to permit threading the paper w..hen loading. The back plate also carries the 21--pin Jones
plug which is wired to the stylus connection 'abin.

PERFORMANCE AND RESULTS

The ability of the Phase Recorder to reproduce the display pattern of the Sonar
Graphic T•dlcator is illustrated in Fig. 29. These pulse-reverberation-echo sequences
were recorded from magnetic-tape recordings of sonar runs made with the Graphic
Indicator during maneuvers at sea; while simultaneous photographs of ihe Graphic
Indicator display were taken with a 35-rt*. strip camera. * Fig. 29a shows a comparison

*In taking these photographs, the horizontal sweep tinie babe- novmially used in the cathode-
rhy-ttibo- 4t i;lIay wan r. vpla , -d by (link oven.ent in frobnt p, ýt,- tittd r m, ren, DrOdIt in'L
,A trai(t'- silmear to th, r- ,•'rder 1 ?t-Ki etiattlrn.
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Figure 30 Fuil-size detail ot target echo trace

of the displays when the Graphic Jrdicator reference frequency oscillator ie set to the

same frequency as the target hull echt1 . Fig. 29b shows a similar sequence in which the

oscillator Is set to the same frequency as the average reverberation.*

A full s;te detail of the targtt echo area of oii0 sequence is shown in Fig. 30.

It was found that the signal recognition differential of the tape-recording presentation
w.vs decidedly greater than tahat of the oris.1nal Graphic Indicator display. This is due to

the memory characteristic of recordings, permitting 'simultaneous comparisons of the features
of a single ping sequence or of one sequence with subcequent sequences.

The system was tested at Ft. Monroe, Virginia on the Harbor Defense Unit installation

consisting of two QBH Herald units. This field test was intended to give a qualitative
indication of the performance of the system under actual operating conditions. Targets

were successfully tracked out to ranges of 2 1 3 thousand yards by taking recordings of

ninukl lings at suitable intervals. Rans.e rate untained from measurements made on a

single ping sequence could be determined with an accuracy of 0.5 knot or better.** Mechan-

ically and electronically, the equipment operated satisfactorily. The installation and

check of the bias adjustments were completed in less than an hour. During Lproximately

30 hours total operating time, only a few minor adjustmerit, were necessary. This, plus

subsequent performance over longer periods, indicates a degree of stability sufficient for
practical uzc.

*It will be noted that a constant phase displacnment of approximately 180') (1/2 of the

sweep) e-dsts between the two traces. This condition is dute to the fact that beth refer-

ent-e ft equeiiry ew-.epa were not triggered by the same pulse - It wa- not convenient to

do this with the emperimental setup used in taking thV photogy.iphs.

Clone inspection will reveal a slight break or gap occurring at the start of the recorder

trace sweep. This represents flyback time duL-! to an imnp.rfert ladder sawtooth waveform.

**It in noteworthy that targets were seldom di3tinguishable on the t.!•ttical range recorder

hecatý.e of the high njoisf and reverberation level present in the shallow waters of this

at c,-. At !t6, e tirec, targrt: .'.-re reily dete -te -.n th. I .rw J , iTtlnattr and l'haFe

Re, ordei prenvittioxs.
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'Tbe .hx;e h -Wectrd.r display ha-s Jlirved tiwe )41iily ti tt'it 20-3tyl'is [ec-irding li;-ad
1)i12uktth C h44it nicator Tr';ntiin';V11h 'uirIfrient re~ohIution ti i provide all

11-t II . hnrnrIon available fronm the sy.y.iem. At the tape !peeds and operating
fIt'vquUnieies require.l fur this purpose, the recorder trace is the practical -qulvalent ot a

•:l,.• .r• •.•r , r.

7"w .',rmanent; strip presentation obtained irop., t...e iecorder is inhe--ently capable

of c01vfv1vl more Information than Thf transitory Graphic Indikaxor display for tbe
followin|g reasons:

1. Precise physical measurements can be made on the trace, pro iding quanti-
tative values of target range and range rat.

2. The record can be examined closely for any required length of time, permit-
ting detailed study and analysis of phase changes in target echoes and in
reverberations.

3. Widely separated sequences can be simultaneousiy compared side by Bide or
against reference patterns so that minute changes can be detected or accurate
classification and Identification established.

These operations are not possible with the R404(XB-1)/UQ presentation since successive
patterns uccur In time sequence over the same display area and cannot be reviewed.

The unique combination of high-frequency rel.ponse, perman.ence, and immediate
availability afforded by this paper tape record suggests the following field applications:

A. The determination of target range and range rate by means of the single ping
technique now being invertigated for prosubmarine fire-control purposes.

2. Secure sonar communication and IFF identification, using pulse phase-
modulation techniques.

3. The precise determination of set and drift of ocean currents.

In addition to these specific sonar applications, the Phase Recorder shows promise
an. a laboratory tool providing immediate accessibility to data for comparison, deliberate
study, or detailed analysis. This is particularly desirable for development work in which
quick comparisons of the effects of minor cumponent changes are needed, but cannot be
made within the persistence time of cathode-ray-tube screenu, where a s.de by side
compl~arison of successive traces Is not possible. Compared with typical moving pen
recorder-s now available, the higher frequency response of this system gives a more
accurate trace of complex wave components and transients, along with accurate amplitude
distplay of such frequencies.

One lImitatioa, of course, is in the degree of resolution afforded by the 20 channels.
For many purposes this would not be too serious. 'hne other limits'ion lies in the present
maximum tape speed of 24 ln./sec.

SECRET



1. It i, ceror-nnwended i ht furl her 6.'v'Ihltmnn! ;ltf ,'vai,:,d, i iulc he ., -i0corder

ib- cn-i led o(,u, by thous, attivitiýts int(:rv--,tcd ;i It:; app!t rainns

2. it is further recommended Mat any futuie engihxiering devr'I-,pment of The recorder
Inc hle:

a. The use of "plug-in" stages in the ctrncidence and output units to facil!tfte
St-1 vit-iuK.

D. An investigation of- the u•t of commercially avallable tapped delay lines as a
substitute for the "ladder" commutator in the present system for fixed-frequency appli-
cations. This modification should improve stability, reduc:e critical adjustnments, and
provide a simplified and more compact design.
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MODEL I S;.'.TEM

M 4,1A illi

The design of the first recordhi.h syetem was largely lnfluenced by the immediate
reed of any arrangement that would tems the feasibility of tiv'ý multiple-stylu:s recording
head for Ase in this project. Consequently, equipment already on hand was pressed into
,ervfce where possible. The use of a standard oscilloscope, slaved to the Graphic Indi-
cator, as the ntewrs of both distributing and gating, immediately simplified the design
problem to one of ampllticatlion and conversion of phototube pulses to current pulses
suitable for marking the paper tape. With the "External Sync * connected to a pulsefrom
the vertical sweep circuit of the Graphic Indicator and with the Z-axis hiputs connected
in parallel, the movemen.t of the paper t-tpe took the place of the slow-speed horizontal
sweep o! the original cathode-ray-tube display. The experience with this system proved
the value of the multiple-stylus recording head for this application, and also proved that
a minimum of 20 styli were necessary to give an adequate degree of resolution.

Description

A block diagram of this Phase Recorder is shown in Figure S1. Figure 32 shows the
phototube collector head. The multiple-channel equipme. t was constructed in two units
of ten chcannels each (rlgure= 33 and 34) and a third chassis contained a power supply
consisting of a heavy-duty, electronically regulated dc plate supply, a gas-tube-regulated
bias supply, and a heavy-duty filament heoter transfotiner.

The schematic diagram of this system is shown In Figure 35. The channel amplifier
circuit uses a cascade-connected 12AX7 tube as a pulse amplifier with emphasis on gain
rather thMan ravefporm. A voltage divider-filter network supplies -1170 v to the plate of the
1 P42 phototube through a 1 -megohm load resistor. The negative output pulses are fed to
the pulse amplifier, whose output triggers a 12AU7 tube connected as a Schmitt trigger.
With proper constancts, this multivibrator is not free running, so that a channel cannot
"take off" by itself without signal excitation. In this manner, a pulse of indifferent shape
and --arylng amplitude is converted into a clean, sharp, square-wave rJlse of constant
ampliiude suitable for ubtalning ma-rAmum average current through the paper tape.

SLAVE / SCHMITT ~ POWERI _ SYUSCOPE PIJLSE TRIGGER OUTPUT STYLUS

FACE AMP MV STAGE
SCOPE 

_'GAP ER TAPE

"-HOW 0. PriTOJUBES3 a TO NUMBER OF DRPUM

SIGNAl, (:IHL NFI'.C. B STYLI

Figttr, i1 - uli.igrrm. i M-nl) l I EyTlriu
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Figure 3Z Phototube collector bead of
Modr-i I system

Figurr 33 -One L.A two channel amplifier units, Model i system.
(top view)
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Figure 34 Ont. of two 'hanimrl amplifir r units. Model I iynteut!
(bottom view)

A trigger pulse for each phototube pulse is obtained if the trigger input pulse level is

r4ufficlentl; high. At a lower level, approximating normal operation, the trigge: operates
on a subharmonic of the reference frequency because of the comparatively large time
constant of the trigger coupling circuit. This is still high enough to give continuous
marking on the tape. Such subharmonic operation was f,'und to provide a convenient
seusiti.:ity adjustment. The trigger bias adjustment tn a pulse height selector which han
the effect of varying the sensitivity of the channel by changing the effective input signal.
While serving the obvious purpose of comnpcnsating for trigger tube and circuit component
variation, it thus turned out to be also a compensating adjustment for variations in photo-
tubhe sensiti-f-LvAIty and amnplifier gaint whalch would cause uneven printing on the tape due io

unequal pulse amplifier outnut, differing subharmonic trigger pulse widths and frequencies,
and consequently, uneven average current In the output stages. The first half of the output
12AI17 tube is connected as a diode rectifier to give positive pulses that will unblock the
second half 12AU7 triode. The lbter is biased to -50 v from the bias supply, limiting the
plate current to less than 5 microamperes, a value insufficient to mark the tape under
conditions of normal use. When the chaimel is energized by a series of I -rnv phototube
output pulses, the output stage triode draws about 5-ma average current through the
paper tape conniected in its cathode circuit. The 6,800-ohm plate resistor is used as a
current .imtter.

It wa.s found 'hat the least usable oscilloscope spot intensity required for triggering
the multivibrators produced ý suhharmon!c froquency of about 200 cycles. Aithough this
frequency may be borderline from a consideration of continuous marking at -,naximumn
tape speed, the average, medlum-intensity spot that was normally 'm;'d generated a suib-
hhrmealc frequcn<ev of abolit 200t'0J cycles, and thiM was entirely -.attisactorv.

'; "I I r l k 1 '•, T
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hi, i'J!hli.' .3 ,i,.Ii ',tNg *Iil av 1.1,

L t ) ( vt A ' .t .i l : I Ai. , 3 6 ) . I t i t t v i d t -: .

.4. A, -20A, itee a regulaited - 159) vatt 20 iia..

'It AmlC 

- gulat-,-,w ;3!,0 v- 1 459 r , a. 6.3 t a -t

fite circuitry is simlple an- stand~ard

-:uvc for lh( use of a 500,000 -ohm
+petereileiit.c- uLa a regula'or fe.ed-

&P.l : , ..n ! In Ohn & AC7 crrn

g.-rid circuit ,4 the high-voltage

-_�supply. T1i!s can be adjusted for
either minimum ripple voltage or

SPEED,, maximum regufletion against line
HAIVE •voltage fluctuations; and in either

cafe, it considerably Increases the

k? •effectlvt.,ess of the circuit. The
"250,000-ohm potentiometer Ik used
to set proper screen-grid voliage

Se~oa SlIM 1 after tit' regulator control has been
set.

-elrder Unit-The paper tape
is pulled from a 300-foot rol: con-
talied In a demountable box maga-

Figure 37 - Recorder unit, Models I and ii zine and fed over the recording drum
(Figs. 347 and 38) where it Dasses
under the row of styli mounted in
the stylus head. Leaving the printing
elements, it travels horizontally for

STYLUS {KA RAISID CARRIAGE approximately 5 inches under a ruled,
plastic scale intended as a reference
or calibration means and illuminated

RUBBER S from beneath; thence to a pair of
ST~tl 1 PAP stcel drive ro)is which pull the tape

IDLE DRIVE e FL through tihe re•order. Bcyond these
' OSIT01 "rolls the tape leaves the machine, at•j v•.OFF POSITIONIIIG

CAN which point a blade is mounted over
it to 3ssist in tearing it off. The

DRUM low.r drive-roll is rotated by means
INSPLASTIC S;ALL of a small, 8-1/2-watt synchronousCON1TACT

MOUNT motor through a set of spur sc-ars,
two of which can be interchanged or
replaced in order to provide tape
speedsfrom3/4 into 3 In./sec. Pres-
sure on the tape between the drive

RUlBER rolls is maintained by steel springs
FLAP wilattached to each side of the idledrive roll c -r:'age. The carriage

can be lifted and held against this
t'..ests)I by pulihig ti'r uperat iag
hSandle forward, up, and back -- thus

s•una•r:i*fp tltc" drive. rddl'- ",, f r-tly

Fiour," 1a Styiun - ,-,-r t,,lding I,-.iui to p...r~iilt. ih hrading *flc tap'. The
, I 1 .1 .ti II r c('eirdinig etire•,l h- a frut -ollre iulfr

'ECSi{I-t'l



- - . '~. . - t~t *."m.i-1 ..- uet ;r-lat. iov, i'akReiir or-ol uu!,ýz A
t'UIILAL' I U. -:r> i-i ~ U it'ui .h s dr" sit Il' :. - p •.'• i'j

4
.t!. a i'; di IInI' ,-'P rt:rn C4)fllpPp|t fog- the-

Il Ih ": i . Il t . .-. t :.I.L 'I ,Wi.i.,,t ;AIl Cl AOt't'llEoiii de ba!tle expert-
,dI ,, ,,- ., . gt, ,,,;,l,, l ,.,Av : .0 aI-1,,;&ti w1 , vllu disfl; --' ds I-il.A i ta iguJ.

i i"'-, :A :1,jjh: r !'ri "7l- .t .il, ,•tigi 'd hii !-41'4-.t- ttl wvi -' -*-ll'#swd d too binding jA• '#L; ittaciled
10 t,- ;,.•,ntt (-."i:l:tf strip5 bolted to the stylus-::ead carriage. A. rubber roll or road
rests up.NIl th," Ntyluw tips, providing res•i-iLnce io prlnsrig prestsure asid maintaining
ioi.I rnel trpn-ratiin .•tiewtwn siyri Stylus p1'Anting pressure is adjustable by meaRns of r.te'e!

:;prings attached to the sides of the stylus-head carriage. ff the -arrin•"* he Iift..n

(him tei'.ismr., it will be h-ld In a fixed, elevated postOon by two gravity-operated cams, so
that thc taprw can be threadfd between the styli and the recording drum. Pushing the cams
to the r4-4i i-l..i,-ies the carriage to the normal recording position. The magazine !a held
and ppsltloned by two rc'tractable ýrenters engaging the ends of a central shalt on which a
Lucite paper-roll spool Is mounted. The spool hub and inner flange turn freely on the
nthaft and arc afixed perrnanieiitly; the outer flange is removable. Spr!ng rings around the
hub provide a firxt, lit In the roll core. A short hub on the outer flange slides Into the
main hui when as;cmbled on the paper roll. It contains a recess, holding a helical spring
wdch !s compresstd against the covet when the magazine is clotsed. This puts a slight
drag on the spool to prevent overrun. The cover is sealed by a rubber gasket. The tape
emerges through a slot In the t,)p of the box where it passes over a Lucite guide having
a beadzd edge. A rubber flap rests lightly on the tape at this point to prevent loss of
moisture through the slot.

This unit wes originally equippeo with a recording head consisting ol a pile of thin,
insulated, chromium-plated, stainless-steel discs (like a compact disc h-irrow) mounted
on a free-turning shaft and positioned directly over the recording drum (Fig. 39),. Con-
nection from each chamiel output to its respective disc was accomplished by meana ofA a
"snu-li, sprir; -loaded pin acting as a brush on the edge of the disc. This design suffered
severely from decreased conductivity due to the accuamulation of lint fhom the paper; so
it was discarded in iavor of the sty!us type described above.

Test and Penformance--Model I Phase Recorder was taken to Key West tor ':est
during the latter part of February 1951
and installed on the LM88 WILKE, where it
w;s. operated during *t number of sub-
marine attack runs.

It was found that the f astest t ape- speed itt $lida
avallable (3 In./sec) prooduced a trace cor -
responding to a Graphic Indicator horl-,
zc•,,ail sweep rate lower than normally owl
used, giving a Jagged type of trace baving ..
a transverse movemet too great In
relation to Its longitudinal displacement. w- l
_Tis condition xeulted In a signal echo -. _ -
Lu 4.',ri for optimum identification even *'i, .
though phaie changes and freque•cy shift It ,
were quite evident. The density of the
printing on the tape was bar#ely s8fflcient
for use at the f-':t tape speed. The 1P42 l mrabrt mu wt*- '
pholotubhs provod• to bv rather delicate, _q
Indi'a'lieg j higlh rati of ro.!da ni' $ - -

Furt•lnrme.r#., thvtr s•nuill liiamneter mia~lo Figtre 9) Ililac-typt' rtr",,-' h.--d,
It difflcult at limos iIkeepth, oscillhscope M,,,ci I

Wep'C.:
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I, •di.,,-d-i ,thvit. A s. aiall .-vi IIcal (iispiacen ?t+r; of the horizontal sweep, tirace due
1t) the it-e ,:f 4ln4---m.tag.' vat latin-s on the 3C411 uscilloscope imniedi-itely dropped the
lgtitd hvtl'e i:•d ciinsequenti- the tape printing• instity,

The recorder-unIt design proved unsat!sfact.ory, .2n several iespectr.. The mou!
annoying feaiure was the difficulty experienced in geting the tape to remain rentercl on
the rc.7ordhij °uid oh Ivifr rolls. The problem of alignmert of these rolin amid r' the paper
feed roll to make the tape run true over i 5-!nh ..v..usly ........ au.... Monsu
tIe-at were hiut available. In addition, lack of uniforn-rr in nsanr roH c-n!1 ........ aZ-

variable tapi- -ferd position (laterally) aB it left the magazine, which in some canes was an
overpowering fs.ctor. The other difficulties could Le grouped under the general head!ng
ol operationar drawbacks. These included tedious magazine refilling, critical magazine
poeliioning, full-load starting or else awkward stylus head carriage manipulation, break-
Irig oft of output leads from the terminal board, variation of pressure on styli with tenslon
on output leads, and occasional shorting between styli.

h..!s cx._r-cne demonstrated the need for higher paper speeds and along with them,
greater power output. A consideration of these additional requirements in conjunction with
the existing deficiencies made it apparent that a complete redesign of both recorder ualit
ann system was in order.

MODEL II SYSTEM

The oscilloscope and phototubes required by the Model I Recording, system presented
problems because of their bulk and fragility. The most promising alternate method of
commutation made use of an adaptation of a multtole-chaanel pulse height 6iscrlmlnator --
a step-biased arrangement of multivibrators vwhich has been termed a 'ladder. With this
system, the application of a changing voltage to a common input will energize successive
channels in the same way that the moving spot on the cathode-ray-tube screen activates
successive phototubes.

A simple but effective means of obtaining current proportional to phase shift haB been
utilized in the phasemeter developed by E. R. Kretzmer(3). In this instrument two sine
waves or other recurrent signals are shaped and converted through parallel, Identical
channels Into tvr, short, negative, 6 v-pulse8. "ibese are applied to the grids of a bistable
multivibrator to produce square waves whose width corresponds to the phase displacement
between the signa.-. A meter ',C, iutnu.res the average current In the cathode circuit
of one of the tubes. This is proportional to the duty cycle or width of the square waves.
With suitable pulsas readily available from the Graphic Indicator unit;. It appeared to be a
comparatively simple matter to obtain a voltage proportional to the phase shift between
reference and signal frequencies by rectifying and filtering the output of such a bistable
multivibrator. The disparity between the operating frequency range and the maximum
usable frequency difference -as sufficient to make this treatment foasible. An eixperl-
mental setup showed that a reasonably good sawtooth waveform representing the dlffarn.nce
!reqeency cou!d be •,,-' btah a. ihe hiitPr ni"l'it. This was applI-ed to a twcnty-channel
"ladder" discriminator of dc design directly coamected to power output stages and thence
to the styli. A block diagram of the system is show. in Fig- 40. Thus a givern phase shift
between two signals can be converted Into a corresponding voltage value or level which,
when applied to the "ladder," A '11 produce single-channel output, energizing a correspond-
ing stylus position and making an api;ropriatc triace on the tape.

This5 mysr. worked 'ell in preliminary test.i - with only one apparent drawback. In
sweeping through rnor• than 360" of phase s.hift () s yv-nc), a small flag or dash was
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Figure 41 - Sample r;-ce of Modetl 1a saterio

generated in the pmeiddle of the flyback when the bistable multivibrat-xr reversed Itself
(Fig 41),. The ilybark. trace itself was not visible, •hut the wserie-s of short dashes between
the sawtooth sweeps madiete pattern somewhat confusing in occue presence of an irregular,
multhpk,-peiat-e -shift echo. " might have been possible to elLn'inate this undeusirable
marking but the attempt was not made because a fatal characteristic of the system dte e-aue
Opelt when tested on slgnahe having high noise content. This characteristic wais simply
that the presence of noise with the signal acted to tr Igger the bisthble multivibrator ahead
GIL Ulhe deAsfred signal. Thtw; the- d.r..atnr I he phaie s-hift (the %Xider tesur aep
the greater the opportunity for random noise pulses to occur ahead of the desired signal
and thus eliminate its effect Toi' that particular cycle. Since high phase angle (wide pulse)
produces high multivibrator output voltage, this effect was apparent as a progressive
elimination of the high-phase-angle stylus channel& on one side of the paper tape because
the voltage did niot filse high enough to trigger these channels. This manifestation was
IncompadIbtle with the Sonar Graphic Indicator 2vy-tern and It brought the development o)f
Model 2 to an vrp''rw
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The 1,it;lahie multiv!brator, detector, and ,mjulifier portion of this system wa.; wired
up -xp'riic'taily but nt-ver made itio a finished unit Ibcause the tmilvitWims of the sy.qtem

welre discoveredi In time. However, the 20-channel discriminator sand output -Stage unit
waw mal' mci1 tn a standard chassis with a 5-inch rac.. panel just like the original ten-

chamnel chassis (of Model I. The power supply designed for Model I wan used without
alteral tIon fr the Moxel II system along with the Model I Recorder Unit.

The schematic diagram of this system is shown In Figs. 42 and 43. A 12AU7 tube
is used In the bistable multivibrator circuit having low plate resistors to give fast
response. Six-volt negative pulses of 1 to 2 microseconds duration are obtained from

the Graphic Indicator signal and reference-frequency circuits and applied to the two

grids of the multivibrator. Optimum operating conditions are obtained by varying the
plate balancing potentiometer and the cathode rheostat. The variable-width square-wave
output pulse Is taken from a portion of one plate load resistance and applied to the grid

of the first 1/2 12AT7 tube used as a biased ditector. This is directly coniaected through
a a-type.- RC fiter to the second 1/2 12AT7 serving as a voltage amplifier and using a
100,000-ohm cathode rheostat as a linearity control- This, in turn, is directly connected
to another 12AT7 tube connected In parallel as a cathode follower. At this point, an 80 v
sawtooth voltage corresponding to the difference frequency is obtained. This is then
applied to the ladder discriminator input by direct connection. It should be noted that for
a constant value of phase shift (synchronism), the output of the RC filter will be a con-
stant dc voltage requiring dc coupling from this point on. For this reason, 'The ladder
triggers are so coupled, and they must oporate with equal facility on a rising or falling
input voltage. Consequently, their constants are chosen carefully to give f-st action on a
small, slow voltage chR-ne, with a minhnum of hysteresis. The triggors are intercon-
nected so that an output voltage high enough to unblas the output tube is obtained only when
one of two adjacent triggcrs is "Onl while the other is "Off" - a condition exisi•ng only
when the input voltage is Just triggering one of them. flerefore,no output stages above

or below this level will be energized, and only one stylux at a time will be activated. The
crystal diodes are used instead of simple resistance coupling in order to give a larger
output voltage swing. The output stage is a parallel-connected 12AU7 tube having a
3,300-ohm current-limiting plate resistor.

It was necessary to use rather high resistance values In the input coupling circuit of the o.tput
stage inorder to holddown the currentdrain on the bias supply. Although the latter could have
been aitered to accommodate lee.4;- gizr resistors, the low operating frequencies made it
feasible to use the higher values. 'For obvious re-asons, the Model II system was not tested
in the field under actual operating conditions.

CONC LUBIONd

The commutator-output unit of this recording system provides a very convenient
record of any single signal wave form of dc or low-frequency value. Intense marking
on the paper is obtained by dc operation (100% duty cycle or marking time). Operation
of this unit was checked up to a few hundred cycles; (the usual maximnum usable frequency
difference of the Graphic Indicator systcm) .sal the components were selected accordingly.
It is possille to make this circuit design responsive to the full audio-frequency raioge by
proper choice of alternate tubes and components. Obviously, still higher tape .need.
would be required to dispiay frequencies higher thnin a frw hundred CVc.J.
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UNITED STATES GOVERNMENT

memorandum
7103/110

DATE: 17 October 1996

FROM: Burton G. Hurdle (Code 7103)

Robert Pellenbarg (Code 6101)

SUBJECr: REVIEW OF REF. (a) FOR DECLASSIFICATION

TO: Code 1221.1

VIA: Code 6100

Code 7100

REF: (a) NRL Secret Report #4313, March 1954 (U)
(b) NRL Report #4001 v C9/-_Y9 7'(( V
(c) Declassified from Secret to Confidential, 1570-476/55, E. Bliss,
Code 2027

1. Reference (a) is a report on the development and testing of a chemical recorder
to record (reference (b)) the phase versus time of sonar graphic indicator signals.
The recorder included both electronic and mechanical units.

2. Both the concept and design of the recorder and sonar graphic indicator have

long been technically and operationally superseded.

3. Reference (a) was reduced to Confidential by reference (c).

4. Based on the above, it is recommended that reference (a) be declassified with no
restrictions.

ROBERT PELLENBARG BURTON G. HURDLE
Chemistry Division Acoustics Division

OPTIONAL FORM NO. 19
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