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ADSTRACT

The piraoy deduidel dooli i WeTeln was develiped 1o pio
duce on paper tape the sorar signal pattera produced on the
osetllnscape neresy in the Sonar Receiver R404(0(B-1)/UQ (Range
Hate Indiczior). The patiern is a plot against time or range in s
rectangular coordinate =ystemof the time of arrival of successlive
sigual wave cresis is a linear ordinate time scale runmiug from
N to 360 degrees of phase ruferred to a controlilng reference
oscillator which is adjustable in frequency through the sonar
frequency range 20 to 30 k.

The recoraing of the time of arrival of a signal! wave crest
within the period of the reference uscillator is accomplished In
this chronugraphkic instrument by a set of equally spaced styli in
line across an electrochemical paper tape which moves at constant
speed. The siyli are in separatie channels which are gated in time
sequentially by a reference-cscillator-conirolled sawtooth wave
through an amplitude discriminator, so that the styli charaels are
“open” in sequence through equal parts of the total reference
period. Arrival of the wave crest whena channel i1s “cpen” causes
its stylus tomark the tape with a dotas a result of the cetncidence
puise.

The recorded sonar signal pattern, preganting the same infor -
mation as that in the transitory display on the H404(XB-1)/UQ
oscilloscope screen, is a2 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 afiral rep.ct on one phase of these problems; work is
continuing on other phases.

AUTHORIZATION

NRL Problems €28-18 and 807-16
Projeci Nos. NR 408-180 and SR 527-180

Manuscript submitied January i2. 1554
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A PHASE RECORDER FOR USE WITH THE
SUNAR GRAPRHIC INDICATOR

INTRONMICTION

The Sonar Graphic Indicator (Sonar Receiver R404(XB-1)/UQ) presonis on a cathode-
ray-tube screen the developing svnac signal pattern as a transient plot of signal phase
versus time or range, the reference of plase 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
ared. The echo appears transiently as a distinet pattern in rasdom or contrasting back-
ground (Figs. 1 and 2).

Figure 1 - Noise Figure & - Signal and noise

Since the eye is capable of retaining complex observations for only a very limited
time, 1t waa realized early in the development of the Graphic Indicator that the addition
of a device oi lunger memory wouid provide iniwproved signai unalysis.

A continuous strip presentation of the essential signal information by means of an
electrochemical recorder system was an obvioug approach to the problem. Such a sys-
tem would provide a permanent visual record of the complate time history of the signal
as it developed.

casw. aa aAsiirisas 2.aa

Section, High Poiymer Branch, Chemistry Division in close eollaboration with the Speciai
Projiecis Section, Transducer Branch, Sound Division.

The high writing speed required to follow accurately the characteristic phase-shift
patterr s produced by the Graphic Indicator precluded rhe use of the usual single moving
pinor tylus. The high reference frequency sweep speed Jikewtse made inpractical the
use of the $&i0ilar helis dad pitstiog bor ariegement commmon o facsiinile systems, The
vrinfing probleny was solved by the design of 4 new type of recording head containing a

SECHE'T 1
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row of twenty stationary styll monmicd tranaversely eveas The B andi caerpdne 3y an
clectrical sweep or commmiatas. This arvamioment glves resolntton voevesponding o
18V of phase ner stylus posshtlon.

Tha. s means oif energizing the nwaiiple siylus recaiding bead were investigated and
two were ballt into compieted recovding systems. The other system was suscepiible to
noise infecferenee and although It wnay bave applicativas where nolse ts nol @ problem, it
was unstlilabie 101 this partliculay application. The iwo comvleied systems dificaed In
that the first model depended on 2 series of twenty minjature photctubes arranged 2cioss
ihe caibide-reay~lube screen of an osciiioscope slaved io ine Graphic indicaior (repro-
ducing the signai paitern through twenty stationary styll on the recorder tape), whereas
the final model used a new type of commutating system which eliminated the cumbersome
and ofien unreliable phototube arrangement. Qualitative per,ormance tests have indicated
that this system is capable of meeting the requiremcents of the problem.

it 18 bel:eved that the method of comrautation described in this report, or an adnpta-
tion of it, will {ind 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 finai sys-
tem. The first two systems are described briefly; more detailed descriptions are given
in the nopendix.

RYVIEW OF THE SONAR GRAPHIC INDICATOR PRESENTATION

The Phase Recorder was devalopecd specificaily to be used with the Soner Graphic
Indicator; therofore a brief review of the principles of oneration 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
foliowing description 13 guoted irom an earlier report (1),

“The Grapbic Indicator Incorporates a number of features which distinguish it from
other sonar systems. First, the signal iuformation is presented and compared from
cycle to cycle rathe - than from pulse to pulse, as in conventional sonar systems. Secoad,
the system differs basically in that the nature of the information presented is dependent
primarily on the time-history of the signal rather than on its amplitude characteristics.
In other contemporary systems, the signal amplitade energy is trzated as the primary
parameter, the time or phase character as a secondary one. Finallv, the visual presenta-
tton uged permits perception of very small and transient variations rith time in signal
phase or frequency, and thus enables an operator to gain information vhich cannot be
ubtained by the other methods.

“The sliraplest form of the system is that illustrated in ihe block diagram of Figure 3.
A sound wave of frequency  Fp is imposed on the transducer, with the resulting output of
the transducer a voltage of {requency, Fg, (Figure 4a). This voltage is amplifled by a
bandpasis amplifier ;.0 that the amplitude 18 increased while the frequen~y remains
unchanged. The output of the bandpass amplifier i3 applied to a pulse generator which
forms pulses of equal amplitude and of the same polariiy at the positive crests of the
alternating voltage (Vigure 4b). The intelligence in the sound wave is thus converted into
a train of pulses significantly spaced in time, and the spacing beiween pulses is the perjod
of the signal wave. The pulses are operated on by a pulse lengihener which expands
them individually to the length desired without affecting ihe time-spacing or repetition

SECREY
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Figure 3 - Sonur Graphic Indicator {sirnnlified)

frequency of the pulses (Figure 4c).
The expanded pul:;es are applied to the
Z or intensity axis of a cathode-ray

oscilloscope, 80 that the intensity of {0} IPCONISS CicwaL
the spot an the scope screen i8 raised
to the level of visual perception each l I l L

time a pulse occurs (Figure 4d).

(G} 0NrPaY oF PMLBE GERIHAINR
“Application of linear sweeps of

appropriate frequencles to the X- and
Y-axes uf the oscilloscope, then, rezultc __”_- ” “ J]
in the combination of individual spots fo ssTAl oF PoLst CImasézn

appearing as a continuous line or lines

(Figure 5). If the frequency applied to
the Y-axis, which may be designated e
the reference frequency, Fr, is the same / N Ao P . <’

as ihe incoming signal frequency, a hor-
izontal line appears on the cathode-ray
screen (Figure 5). Under thiscondivon,
a zeroraie of change of phase exists, or
a zerofraquency difference, between the
.eference frequency and the incoming
sinusolidal signal frequency.

(d) POSITION OF EPOT CELATIVE TN T- ALIS SMEEP (EXPAOMED)

Figure 4 - Graphic Indicator waveforms

“Since the spot deflections In the
Y or vertical direction are against a
linear phase scale extending fr « 0° to
3609, referred to Fr,the position of the
line on the screen remains constant if Figure 5 - Composition of
the phase difference between the incom- presentation Fy = F_
ing =ignal and the reference signal is
constant. I AF {which s equal to
Fy - F_) is less than or greater thaa 0, the line assumes a slope whose difference from
zero depends on the extent of the frequency difference. For example, if tae frequency of
un incoming signal is vne cycle per sccond greatoer than the reference frequency, the phase
will advance 3600 during a one-second intervz}l, or at the rate of one cycle per second
over the reference signal. With an X-axis sweep of one cyrle per second and a square
raster, a line will be produced making a regative angle of 450 with the X-axis, as shown
In Figure 6a. Likewise, when the incoming signa! frequency is one cyele por sccond less
than tho reference frequency, the line will make a positive angle of 45" with the X-uxis as
shown in Fig. 6b.

SECRET
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VIS B U R P ‘:l.-_yngg-'u' 'RITH t-y(-]g- per
N, ‘/‘ second ihe rate of phase change beconies
N 4 greater thas 260 per cecond and, for a oue-
| : 4 second horlzontal sween, additfonal sloping lines
~ v in a parallel set appesr in the sguare raster.
| \ 4 The slope or tangent ¢ the angle ¢ 1s directly
| proportional to the irequency dificrence, AF.

{(n) Ty in 1 (ps (b) Fg 18 1 cps
orenter than Fo leam than F‘.’_

F,- 1eps Fy = 1 cps

“As the slope increases, the number of
liney Increusesn, 2ud the spacing between the
lineg decreases until the ey« isunable toresolve
an individuai line, as illustrated in Fig. 7. From
the standpoint of an observer this €an be
congidered the edge of the visual bundwi’th. As AF increases above or below a center
frequency (Fq = Fp), a definite frequency range irom which intelligence can be perceived
is traversed. This Is defined as the visual bandwidth; any information nut resolved by the
vhserver is outside of the visual bandwidth.

Figure 6 - Frequency indicetion

oo The lines {or truces) in the signal pattern may deviate from the clear sharp
line or lines characteiristic of a strong signal of fixed frequency and constant cycle-to-
cycle pericd. Such deviations are cavsed by variations of phase or period within the sig-
nai’s duration, or by apparent variations due to disioriion by noise of the signal phase or
perindicity (Figure 8).

“With siynal in 2 high noise background, the writing dots do not fall precisely at the
signal wave crests, and the signal trace is a broadsned line or kand of randomly spaced
dots, the dispersion tending to center on the line which would have been developed had the
nolse level been lower relative to the signai.”

THE PHASE RECORDER
The principal problems involved in the reprozuction 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 siylus or a helix

(NN

oFe+! AF 42 AF*t3  AF{Apwox)+40

I/

AFdAppr)-40 4F -3 Lie-2

L___| I [ S S | J

-oF =—— Fo —= +aF

Fasleps

Figure 7 - Presentation over o frequeacy range
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aod priptlnge bac arvangenwant, were aol adaptable
hecunae of ihe hlgh writltog-speed reguiroment. A
multiple stylne recarding head was desigred vhich P
wan capable of very fast response, since it had no T bl

tievbog, parls and vpesated by the aeplieation of
ele cleal energy to the appropriate oiyiug al the

proper e Tids faet responge accurately fcllows - -
ibe transienl phasge-shiit characteristics of target (1) Constani (b) Signal with
echoes within the basic limitations of the system. phasce signal rasndorn phasae

ol fm AT

The problem of properly energizing the mul-
tiple styil involveds system of synchronization and
distribution - i.2.,commutation. Several possibili-
ties were considered but were rejected because of the excessive and complicated circultry
involved. These inclurled the use or a muit.ple-electrode radial beam tuhe, an experi-
-nental multipie-anode cathode-ray tube and a ring-type multivibrator system or scaler.
Another approach was the use of & serieas of miniature phototubes arranged across the
face of an oscilloscope slaved to the Grapkic Indicator as the distributing element for the
printing-stvlus channels. A twenty-chanrel recording system based on the latter method
was designed, built, and tested. Although the display pattern of the Graphic Indicator wat
reproduced with sulficient 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 adaptatiun of 2 multiple-channel, pulse-height discriminator
or “ladder” arrangement of step-biased multivibrators in conjunction with an adaptation
of the Kretzmer phagemeter (2). This syastem of commutation was successful but the
phasemeter proved to be noise limited and was never used in a completed recording
system.

¥igure 8 - Phasc prescatation

The final development u.ed the discriminator type of commutiior in conjunction with
channel -colncidence stages tu reproduce the Graphic Indicator display 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. § and 10, Each unit is easily removable for maintenznce 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 anu fed to the twenty-channel dis-
crimipator common input. This linearly changing voltage sweeps the step-biased mnlii-
vibrators, produsing an cutput pulse from ezch 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. Thues a given phase differen-e between signai and reference frequencies produces
coincidence output pulses from a particular stage, and changing phase difference produces
coincidence output pulses from susccessive stages in 180 steps. These pulses are fed into
twealy Sehmiit triggers and thus inverted, witdened, and anplified into positive squire

JFCBET
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GOINCID: KCE UNIT PUER SUPPLY

PO¥ER SUPPLY

QUTPUT UNIT POWER GUTIUT UNIT POWER

SUPPLY SUPPLY
Figure 9 - Phaee recorder assembly Figure 10 - Phase recorder assembly
(front view) (rear view)
A
JIGNAL
PULSE
1 - N ¥0 stk LR o b
° .| sawrgors M CHARMEL :L COINCIOT NCE 71 SCHMITT ' ll outPUT F- 7TT STyl
CENESATOR T IISCRIMINATO R TUBES 4 TRIGOE 7153 TUBES B ] v
REFERENCE O LADDER - 9 LTl T .-l
FHEGUERGY J : -
PULSE

Figure 11 - Block diagram ol phase recording syetens

waves suitable for unbiasing the output tubes tc produce the requirced heavy current pulsces
for wurking the paper tape.

Elecironic Design

Tke use of staudard electronic components in the most compact assembly possible
dictaied the use of two units (o provide the required twenty channels. These have heen
named the eoincidence unit snd the ontpit noit,

Coincidence Untt—The gsehematic diagram of one chanmnel of this unit, and photographs
of the unit assembly are shown in Figures 12, 13, and 14.
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Figure 13 - Coincidence unit (top view)

BLOWER MOTCR POWER SOCAIT SANTOOTH PiN JACK

SIGNAL PIN JACK

5 * AP

Figure 14 - Couincidence unit (bottom view)
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The reference fregmency sawionth swoeep voliage i {ed into the microphone comee -
T L T L TR T T I TE I O T P R - S N SO TYVRR YIS S ] S PPUT S
shanncl, sicp bicasd, mulisple discrimintor or Indier O coupling 1s regulied (o make
the full swecp avallable, The sgearce wave pulses from the trigeer have a {foat Jise lime
which i pecegevvesi gad nveciad by means of » phase-spiitier =tage  so that this Invected
puloc cian be appiivd w0 Gie i ges Vulput U WE oAl 30Wes DlEocd Chiemsintod 4G 3o v isio e
eually faxt decay {ime for a combined pulse having a widil controlled by the respective
Hay notlings. A simple reslutance coupling 1s used in combiniug these lwe square wavaes
and, v/1th this arrangement, the sawtenth flyback dces not produce any ouiput pulee. This
camhbined polse is fod tn one cantrol-grid of the ARNA gatad-heam inhe and fan ba chacked
at the pin jack on the front panel. Tie signal pulse irom the Graphic Indicator is fed to
the other control grid through the other microphone connector on the rear aprou (Figere
13). When coincidence occurs, a 6 v negative output pulse is oitained from the 6BNS tube,
appearing at the cuijut connector un 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-ohr kias-level control. These con-
trols are used to fit the sawtooth to the ladder, once lhe latter has been set up while they
are at or neur mid positions. The trigger output of channel #20, having the highest bias
in the ladder, i8 uscd without benefit of an inverted pulse to form the decay side of the
combined pulse. Instead, the bias is adjusted so that the sawtooth fl;sback will limit the
trigger pulse fo the same width as the other combined pulses. Thie is done to avoid tre
additional trigger anc inverter that would be required for the usual combined pulae
formation.

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

For lineup and test, 2 cathcde follower using 1/2 12AT7 tube s wired in the unit and
connected to input and ouiput pin jacks on the front panel. This prevents heavy loading ni
the high impe<.ace test points with oscilloscope input capacitance and resistance valucs,
thus preserving pulse waveiorms.

In setting up the ladder, the essential purpose is to divide the sawtooth sweep equally
between the channals,. It 18 first set te a value of approaimately 100 v at the vest peint or
common connection by means of the sweep amplitude control. The bias ievel coutrol is
set to it mid point. Then, with all bias potentiometers set o inaximum bias, #20 is
advanced until an oscilloscope connected to #20 pin jack (<ninbired pulse output test point)
through the cathode follower shows a pulsc having a width equal te 1,20 of ihe sawtooh
sweep time. I the reference frequency 18 25 kc, for example, it wili take 40 microseconds
for the sawtooth to sweep the triggers. Therefore, if the sweep is divided egually between
the channels, each combined vutput pulse wiil b 2 microgeconds wide. The cathode fol -
lower is then plugged into #19 pin jack and #19 blas poter ometer is advanced uutil a sim-
ilar pulse is obtained. This adjustment is repeated on successive chanaels »aiil they all
show a uniform combined output pulse. With reasonzble accuracy, any discrepancy at
chanuel #1 can be corrected by adjusting the bias level control and then adjusting the saw-
tooth amplitude control {(if neceseary) to make sure that #20 pulse remains as originally
set up.

SECRET
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Bowlt] e ne’od that e rauder commulator st up in this iner s fundamenially
Hndependent of freceeney, Thlis charadierisie may be aseful du applicniting for which
tuned circuiis aire fnadequate: or incompatible.

Output Unil—The circull design of one channel of this vnit s shovn in Fig. 14, The
colncidence output pulse is fed into the corresponding micropbaage input connector on the
front panel (Fig. 16). It actlvates a Schmitt trigger t» produce a square-wave output that
unbhiases the output power stage.* This siage 18 biased off te -50 vand a cerresponding
i or Z micrvampere Cuioil cusaent wiich is iasidacient o mark the fope. With olgaal
the cutput current averages 50 ma from 1 or 2 channels at a time. Wit nolse, it averages
irom 1€ tc 1§ ma from each channel when the trigger blases are adjusted to ylve a uni-
formly lirht !ntensity cf marking at maria:um paper speed. This adjustment will show
signal patterns in the noise and still heid the current drain within the capabiiity of the
otitput power supply unit. The triggar-bias poteniicineters (Fig. 17) can be rdjusted to
compensate for tube or component variation by changing, the square-wave pulse width,
thus producing equal marking currents in the output strges and giving uniform printing on
the taps. The output connectors and power-supply binding posts are mounted on the rear
aprou (Filgure 18).

Power -3upply Units—The coincidence-unit power supply shown in Figs. 1§, 19, and 20,
cunsists of an ac heater translormer supplying 6.3 v at 204 and a standard elecironically
regulated de supply giving +300 vat 500 ma. The effectiven=ss of the circuit is considerably
improved by the addition of a 500,000-ohm potentiometer as a regulator feedback coatrol in
the BACT voltage amplifier screen grid circuit. This can be adjusted for maximum reguia-
tion apainst line voltage fluctuations. The 260,000-ohm potentlometer is used to set the
proper screen grid voitage after setting the regulating conirol.

The output-unit power supply (Figs. 41, 22,and 23) is practicully a dupiicate of the
coincidince-unit power supply except that it has a 30A heater capacity and & -150 v dc
bias supply designed for a 20 ma lond This supply is reguiated with a gas-type regulator
tube (VR 150).

Recorder Unit Design

The recorder unit i8 compact and si ple in design, combining three major com-
ponents: the recorder paper magazine, the drive mechanism, and the stylus head
assembly.

Recorder Paper Magazine—The magazine is designed to accommodate a five-inch
diameter roll of recerder paper ** (Fig. 24). The paper roll core fits over a freely turn-
ing flanged hub attached to the inner wall of the chamher. Ii is secured oi the outer side
by a spring-loaded hub mounted on a plate, hinged at the bottom, which drops to a hori-

zontz} position to permit loading rolls and removing cores. This plate is locked in the

*The printing intensity is greatly ircreased by broadening the coincidence output pulses
from 5% to 50% of the sweep frequency period in this ruanner. At the uauai sonar oper-
aling frequencies the resulting square waves give adequate average printing current
and continnoun marking on the paper at all available speeus.

**The FOR Pecorder Paner (NHL, Hejorl Noo 4001) van vaed in thia development. (ts

properties of high scnsitivity, wide dynamic range, fine definition, anc high wet streugth
were eapeclidly suited to meet the rigid requirements of tuis systemn.
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Figuro 16 - Outpl;t unit (top view}

il 6.3YRE

Figure [7 - Qutput unit (bottorn view)
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NAVAL RESFARLN cABUORATORY

AC PLUC FOR
SLOWER NOTOR

Figure 19 - Coincidence unit powss supply {top view)

Figure 20 - Coincidence unit power supply (butlom view)
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Figurs 2z - Output unit power supply (top view)

Figure 23 - Output unit power supply (bottom view)
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upripit or operatiog pos'tion .y apring
catches at the sides (Fig. 25). A nar-
raw ‘rough containing a wet sporge is
atlached tu the inner wall of the cham-
ber to mailataln the rejutred humadity.
The door on the side of the magazine ig
=sealed with a rubber gasket, and rab-
ber flaps resting against th.. recording
drnam aid tn preventing serjous loss of
moisture.

Drive Mechanism— The paper iaje
is pulled from the roll by means of a
rubber - covered drive roll which
presses against the paper am it passes
over the recording drum (Fig. 125).
The drive roll is mounted in a freme
and driven through irterchangeable
gears orn the left-hand side of the unit
80 ag icprovide tape aspeeds of 6, 8, 12,
i8, or 24 inchws per sccond. The lower
end of the fra.neis pivoted on the driv-
ing gear shaft and bothdriving and roll
gears are constantly in mesh. This
arrangement allows the upner end of
the irame to swing forward and down
through an arc of approximately 46°
from the drive position to the *OFF”
position, in which drive roll shaft col-
larg sirike the &aide panels of the
recorder body. This movemeut is
accomplished by means of a curved,
sheet-metal handle accessible through
the cpening in the front panel {from
which the paper emerges. The mid-
point of the swing is dead centsr for a
spring-load~d piunger attached to the
lower crossbar cf the frame and pro-
viding drive pressureon the roll in the
*“ON" position, and positioning preasure
in the “OFF" positior. The driving
gear shafiisgeared Int> a senled gear-
box which 18 driven by a 1/75-hp syn-
chronous motor through a flexibie
coupling (Fig. 28). The recordingdrum
is a freely-turning, chromivm plated,
brass pulley matching the drive roll in
general dimensions and located below
and behind it. The row of styli contact
the paper along the top of the drum and
the drive roil line of contact is infront,
just above the level of the axls. (Fig.
25). As the tape leavesthis line of con-
tact, it ig prevented from clinging to
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Figure 24 - Recorder unit{left-hand side view).
Paper magasine i3 open showing paper roll
mountings in loading position. Paper drive
mechanisn ic in*OIf" position.

Figure 25 - Recorder unit(leit-hand side view),
Paper rcll is in loaded position. Paper drive
mechanisn. is in*On” position.
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Figure 2f - Recordar tnit (right -hand side view),
Drive roli ia in “Off” position.

STYLUS PRESSURE

STYLUS SHAFT

Figure 27 - Stvtus head asaembly
{top view)

T TEVLON SASMERS b SEPARATORS ——
ComgEeTION TARS —

SARELITE HOutimg

Figure Z8 - Stylue head aseencbiy
(botiom vie)

bl B B Sk

Hler the Jrive eotl ar ibi vecor b
‘- aleam by csheet metal guides
i iaced closge to the rolle. “tvhe
recording druem shaft ia mounted in
talbeliie callars to peredt g sopuaraic,
fom -1 eniciatue Dlylwo -1 Ctde 1t L
nection by means of an insulated
hrush resting on oné edgy »f the
drum. A gection of hacksaw hlada
i owonnied oot shaove tho noind
where the tape leaves the machine,
to be used in tearing off desired
gortivns. A linkage counects the
drive-roll irume to the operating
cem 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
~ontrol i8 incuorporated in this
arrangemant by having a prclection
or. the drive-rull {rame open a
raicroswitch jusat before it comea to
rest in the *OFF” position. Thus
the motor is started in & no-load
condition as soon as the frame is
lifted from the “OFF” position, and
it zttains full speed unloaded. The
load 18 applied when the drive roll
is aliowed to spring againat the
paper on the recording drum. This,
in effect, provides a manually oper-
ated clutch mechavism.

8Stylus Head Assembly—The
8tylus head assembly consists of a
row of 21 nickel-plated, platinum-
iridlum tipped, 1/33-inch, flat, brass
biades mounted in a bakelite housing
(Fig. 27). {(An extra stylus i8 provided
for future connection to a timing
device.} They are separated by 0.010 ir.
sheet teflon and mounted vn a hori-
zontal, teflon-coverod, stesl pivot
shaft (Fig. 27). A rol! of gum rub-
ber presses across the tops of the
blades, between the pivot shaft and
the tips, io provide adjustable print-
ing pressure by means of two screws
in the top of the housing. A bakelite
crosgsbar above the rear ends of the
biades aficrds a stop to forward
motion of ihe styli when thay s e
Hifted oif the paper tape on the
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{a) Reference frequency ozcillator set to target hull echo frequency

TARGET TARGET
TRANSKITTED YOLUBE WMIE Wl VOLURE
PULSF REVCRBERATIONS 7 ECHO ECHO  REVERSERATIONS

{b) Refevenre frequency oscillator set to average reverberation echo freqrency

Figure 29 - Phase Recorder reproiuctions of Sonar Graphlic 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 i8 held
down against the cam by a coiled spring atiached to its underside and suspended from the
hack plate of the recorder. Rotation »f the cam raises the atyli from the tape sufficiently
to permit threading the paper when lnading. The back plate also carries the 21-pin Jones
plug which is wired to the stylus connection tabs.

PERFORMANCE .iND RESULTS

The ability of the Phase Recorder to reproduce the display pattern of the Sonar
Craphlc Indicator 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 the Graphic
Indicator display were taken with 2 35-ri strip camera. * Fig. 28a shows a comparison

*In taking theae photographs, the horizontal sweep time base normally used in the cathode-
ray-tube dinplay was replaced by film moverment in tront of the tabe screen, producing

A trace similar to the recorder presi ctation,

SECRET
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Figure 30 . Fuil-size detail of target echo trace

of the displays when the Graphic Indicator reference frequency oscillator is set to the
same irequency as the target hall eche. Fig. 28b shows a similar sequence in which the
oscillator is set to the same frequency as the average reverberation.*

A full size detall of the target echo area of ciid sequence i8 shown in Fig. 30.

It was found that the signal recognition ditfferential of the tape-recording presantation
was decidedly greater than that of the original Graphic Indicutor display. This i8 due to
the memory characteristic of recordings, permitting vimultareous comparisons of thefeatures
of a single ping sequence or of one sequence with subcequent sequences.

The system was tested at Ft. Monroe, Virginia on the Earbor Defense Unit installation
consisting of two QBH Herald units. This fieid test was intended w give a qualitative
indication of the performance of the system under actual operating conditions. Targets
were successfully tracked out to ranges of 2 3 thousand yards by taking recordings of
ringla pings at suitable intervals. Range rate votained from measurements made on a
single ping sequence could be determined with an accuracy of 0.5 knot or better.** Mechan -
ically and electronically, thc cquipment operated satisfactorily. The installation end
check of the bias adjustments were completed in less than an hour. During wpproximately
30 hours total operating time, only a few minor adjustmeras were necessary. This, pius
subsequent performance over longer periods, indicates a degree of stability sufficieni for

practical use.

#It will be nuted that a constant phase displacerent of approxiinately 1809 (1/2 of the
sweep) exigts hetween the two traces. This condition is due to the fact that bcth refer-
ence frequency swzepe were not triggered by the same pulae. It wes not convenient to
do this with the experimental setup used in taking ths photograpne.

Cloue ingpection will reveal a slight break or gap occurring at the stait of the recorder
trace sweep. This reprasents flyback time dus to an imperfect ladder sawtooth waveform.

*8[t 18 noteworthy that targets were seldom distinguichable on the tictical range recorder
hecauce of the high neise and reverberation level preeent in the ehallow waters of this
atca. Al ihe same timco, targrts were sasily detected on the tivs chie Tadicator and Phase

Res order prescutations.
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‘the Vhase Hecorder digpiay has proved the hility of the 20-3styles cecording head
Lo pisducy the Urapnic Indicator prescntatlon wish anifllelent ressintion ta provide ail
cof fhes sishile- infurmation available from the rystem. At the tope 2peeds and operating
fregyuencies reguired [or this purpose, the recorder trace is the praciical equivalent of a
prniisrraphie voeaed,

The parmanent; strip presentation obtained irom ihe reécorder is inherently capable
of conveving more information than the transitory Graphic Indicator display for tbe
followlag reasons:

1. Precise physical measurements can be made on the truce, pre-lding quanti-
tative values of target range and range rate.

2. The recoid can te exumined closely for any reguired length of time, permit-
ting detailed study and analysis of phase changes in target echoes and in
reverberations.

3. Widely separated sequences can be fimultansousity compared side by side or
agalnst reference patterps so that minute changes can be detected or accurate
clagsif{ication und identification establisied.

These operations are not possible with the R404(XB-1)/UQ pre:zentation since succeesive
paiterns uvccur In time saquence over the same display area and cannot be reviewed.

The unique combination of high-frequency re:ponse, permaience, and immediate
availability aiforded by this paper tape record suggests the following fieid appiications:

i. The determination of target range and range rate by means ol the single ping
tecinique now being invertigated for prosukmarine fire-contic! purposes.

2. Secure sonar communrication and IFF identification, using pulse phase-
modelation techniques,

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

In addition to tiiese specific sonar applications, the Phase Recorder shows promise
as a laboratory tool providing immediate accessibility to deta for comparison, deliberate
study, or detalled anaiysis. This is particularly desirable for develogment work in which
quick comparisons of the effects of minor component ch.anges are needed, but cannot be
made within the persistence time of cathode-ray-tube screens, where a side by side
comgparison of successive traces Is not possible. Compared with typical moving pen
recordeis now available, the higher frequency response of this system zives a more
accurate trace of complex wave components and trangients, along with accurate amplitude
display of such frequencies,

One limitatica, of course, is in the degree of resolution afforded by the 20 channels,

¥or many purposes this would not be too serious. The other limitstion lles In the present
maximum tape speed of 24 In./sec.
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1. Tt iv recommended ihat further development and evabantion ciodhie Bl oo Hecorder
ir- carvled oul Ly those activities Interested s applicatiog:

2. i is further recommended tnat any fature engineering development of the recorder
include:

a. The use of *plug-in” stages in the cuineldence and ouiput units to factilitate

SErvVICIing.

n. An Investigzation of the usc of commercially avallable tapped delay lines as a
substitute for the “ladder” commulator in the present system for fixed-frequency appli-
cations. This modification should improve stability, redus-e critical adjustments, and
provide a simplitied and more compact design.
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APDENDIA A

My«wtem Eoomeny aind Dovelupacist

MODEL 1 Sy3TEM

MDisendsion

The design of the first rccordisg syatem was largely Influenced by the immediate
need of any arrangement that would tesi the feasibility of tie: multiple-stylus recording
head for ase In this project. Conseguently, equipment already on hand was pressed into
~ervice where possible. The use of a standard oscilloscope, slaved to the Graphic Indi-
cator, 2s the means of both distributing and gating, immediately simplified the design
nroblem to one of amplitication and converalon of phototube pulses to currernt pulres
suitable for marking the paper tape. With the “External 8ync “* connacted to a pulse from
the vertical sweep circuit of the Graphic Indicator and with tiie Z-axls lLiputs connected
in parallel, the movement of the paper type took the place of the slow-speed horizontal
sweep of the original cathode-ray-tube display. The expertence with this system proved
the value of the multiple-stylus recording head for this application, and alac proved that
a minimum of 20 styll were necessary to glve an adequate degree of resolution,.

Description

A block diagram of this Phase Recorder is shown in Figure 21. Figure 32 shows the
phototube coliector head. The multiple-channel equipme. t was construcied in two units
uf ten channels each (Tigures 33 and 34) and a third chassis contained a power supply
consisting of a heavy-duty, eiectronically regulated dc plate supply, a gas-tube-regulated
bias supply, and a heavy-duty {ilament hecter transforiuer.

The schematic diagram of this system is shown in Figure 36. The channel amplifier
clrcuit uses a cazcade-connected 12AX7T tube as a pulse amplifier with emphasis on gain
rather than wavelorm. A voltage divider-filter network supplies -170 vto the plate of the
1P42 phototube th.rough a 1-megohm load resistor. The negative output pulses are fed to
the pulse amplifier, whose output triggers a 12AU7 tube connected 2= a Schmitt trigger.
With proper constants, 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 ~arying amplitude is converted into 2 clean, sharp, square-wave ralse of constant
ampiiiuge suitable for vbtzining marimum average current through the paper tape.

— - 1
SLAVE SF SCHMITY POWER

SCOPE "2.’;.‘;»‘ TRIGGER OUTPUT —— - o STYLUS
FACE |- -

<
MV STAGE s
L L_ & PAPER TAPE
—ROW O+ SHUTOTUBES » TO NUMBER OF DRUM

SIGHAN CHANNFELS A STYL

Figure 31 - Rl bdiagrarg of Model 1 systere
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Figure 32 - Phototube collecior head of
Model I system

1468t . s

PHOTOTUBE
INPYTS

Figure 33 - One uf two channel amplifier unita, Model i system
{top view)
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Figure 34 - One of two channel amplificr units, Model T systen:
(bottom view)

A trigger pulse for each phototube pulse is obtained if ihe trigger input pulse level 18
sufficiently 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 found to provide a convenient
sensiti ity adjustment, The trigger blas adjustment is a pulse height selector which has
the efiect of varying the sensitivity of the channel by changing the effective input signal.
While serving the obvious purpose of compensaatiang for irigger tube and circuit component
variation, it thus turned out to be also a compensating adjustment for variations in photo-
tube sensitivity and amplifier gain which would cause uneven printing on the tape due iv
unequal pulse amplifier ouiout, difforing subharmonic trigger pulse widths and frequencies,
and consequently, uneven average current in the output siages. The first half of the outpui
12A117 tube i3 connected as a dinde rectifier (o give positive pulses that will unblock the
second hali 12AU7 tricde. The laiter is blased to -50 v from the bias supply, limiting the
plate current to less than 5 microamperes, a value insufficient to raark the tape under '
conditions of normal use. When the channel is energized by a series of 1-mv phototube
cutnut pulses, the output stage triode draws about $-ma average current through the
paper tape connected in its cathode clicult. The 6,800-ohm plate resistor is used as a
current imiter.

It was found hiat the least usable oscilluscope spot intensity required for iriggering
the multivibrators produced & subharmonic frequency of about 200 cyecles. Aithough this
frequency may be borderline from a consideration of continuous marking at maximum
tape gspeed, the average, medium-intensity spot thal was normally v=ed generated a sub-
harmeaic frequeney ol about 2000 evyeles, and thiz was entirely satisfactory.



o Hb

waleks 1 [IpowW jo weaderp dnewaydg - ¢f 3INEr g

NG N0 H30WO238 INY HIIIINGMY  3IENLO0L IMd

®

—
—

—4
-4
- —e

N0IZ

L RESR ANCH LABOURAT R Y

e AW A

QM A > . W 5
} =~ [
ﬁ =]
. O VWA x W.
TEN | e < | o
 S— t I W
- vy Iﬁ. < —]
w - as;‘l.lii

SECRET



HELERML MO ABN AL T

MV oa,

IT pu® I 81200 '(poterndalr Aynp-Aaevaq) A(ddne 1smod jo uiexdwvtp dyeWwagsg - g¢ Indrg

v Ost
YR 06
H 08 'AQOS -

k |
\'% » Gi
-—5

- 4
.

nA00!

>
NV AN 1

11
"]
» HOW3

SECRET



B S.rius MEau

fpLd pHivt Aavie
' TARAACE

HARRE

/IAISED CARRIACE

R 7 dumsen strios
: A

Y ADLE DRIVE ML

RUBBER 5

Figure 38 Styius - type recording head,
Maodsds b ooond 1

Line powis supply Wi s nrsd
o harsite Smanoraunm o iws iy
Shoapeks {80 36), I provide:s a
populates (360 v ot 450 ma, 8.3 vat
20A, ond 9 vegulated - 159 vat 20 .
e clrcuitry is simple and standard
suave 1or the use of a 500,000 -vhm
potentiometes as a regulalor feed-
boel contrel in tho BACT ceronn
wrid circuit of the nigh-voltage
supply. Fiils can be adjusted for
either minimum ripple voltage or
maximum regulotion against line
voltage fluctuations; and in either
cabe, il considerably Increases the
effective..ess of the rircuit. The
250¢,000-0ohm potentiometer is usod
tu set proper screen-grid voliage
after the regulator control has been
set.

Recorder Unit—The paper tape
is pulled from a 390-foot roli con-
tained In a demountable box maga-
zine and fed over the recording drum
{Figs. 37 and 38) where it passes
under thie row of styli mounted in
the stylus head. Leaving tie printing
elements, it travels horizontally for
approximately 5 inches under a ruled,
plastic scale intended as a reference
or calibration means and illuminated
from benealh; thence to a pair of
steel drive rolis which pull the tape
through the re.order. Poyond these
rolls the tape leaves the machine, at
which point a blade is mounted over
it to assist in tearing it off. The
lower drive-roll is rotated by means
of a small, 8-1/2-watt synchronous
motor through a set of spur gears,
two of which can be interchanged or
replaced in order to provide tape
speeds from 3/4 in.t0 3 In./sec. Pres-
sure on the tape between the drive
rolls is maintained by steel springs
attached io each side of the idle
drive roll carzrage. The carriage
can be Hfted and held 2zainst this
tonsion by puliing the operating
handte forward, up, and back -- thus
senaveting tie Arive rolls wnificlently
to peomlt ihreaday tace tape. The
recording druan is a free—turning,

ok CRE")



1 e wd Lk 3 AMCE b OHR Vil
NAY .1 He wERE Ve

Covtoii o @tet Biaen tats o fooded cn e pmudares by pakelte eod pRIGSE. A wion
Conlasl Le :Ts i Wit ginderssde al one o L providling g cominon t#furn connectom fog the
S lb The sdyhe s bend was enavaed wice A0 53y o accomawidate any probable experi-

T -i‘.si CATHELL Y e J“;uvll);‘il vy G were ul‘lll;l”‘v' li.‘i('d. 1 ooonsists Gl orow of j'la“‘:'zll!’:. -
tipned, Shosphor hrenze wic o pomnded in bubebite uap i conneciced Lo binding ports attached

oy two banelile tecrniinal strips tolted to the stylus-iead carrlage. A rubbier roll or vad
rests upon the stylus tips, providing resis ance o printing presusure and maintainmg

ot el separation nerween styli Stylus printing pressare Js adjusiable by means of steel
springs atiached to the sldes of the styius-nead carriage. f the carrviays he Hft.d coainat
s lension, it will be h~1ld in a fixed, elevated pnsition by two gravity -operated cams, so
that the tave can be threadsd between the styll and the recording druin. Pushing the cams
Lo the rear 1eleases the carriage to the normal recording position. The magazine is held
and ppsitioned by two retractable ceniers engaging the ends of a central shalt on which a
Lacite paper-roll gpool is mounted. Tie spool hub and inner flange turn freely on the
shaft and are affixed pormanently; the outer flange ie removable. Spring rings around the
hub provide a firue {it i the roll core. A short hub on the outer flange slides Into the
main hut: when assembled ¢n the paper roll, R contains a recess, holding a helical spring
which is compressced against the cover when the magazine is closed. This puts a slight
drag on the spool to prevent nverrun. The cover is sealed by a rubber gasket. Thsa tape
emerges through a slot in the top of the box where it passes over a Lucite guide having

a beadcd edge. A rubberflap rests lightly on the tape at this point to prevent loss of
mnisture throagh the slot.

This unit was originally equippeu with a recording head consisting of a plle of thin,
insulated, chromium-plated, stainless-steel discs (like a compact disc hirrow) mounted
on a free-turning shaft and positioned directly over the recording drum (Fig. 39). Con-
nection from each chan.isi oulput to its respective disc was accomplished by means ¢f 2
smuii, spring -loaded pin acting as a brush on the edge of the disc. This design suffered
gseverely from decreased conductivity due to the accumulation of lint from the paper; so
it was discarded i izvor of the stv!us type described above.

Test and Pe:formance--Model T Phage Recorder was taken to Key West for "est
during the latter part of February 1951
and instailed on the USS WILKE, where it
ws4 operated during « number of sub-

marine gttack runs.

It was found that the fastest tape speed
available (3 1n./sec) produced atrace cor-
responding to a Graphic Indicator hori-
zoutal 3weep rate lower than nermally
used, giving a jagged type of trace having
a iransverse movemeat tooc great in
relation to Iis longitudinal displacement.
This condition xesulted In a signal echo
tvu =howrt Tor optimum ideptification even
though phage changes and freguerncy shift
were quite evident. The density of the
printing on the tupe was barely suificient
for use at the tast tape specd. The 1P42
vhototubes proved to be ratier delicate,
Indicating o high rate of repiacement
Furthermaore their smail diameter made Figure 39 - Iisc -type recording head,
it ditfieult at timesiokeep the oscilloscope Momiel 1

ENCRET
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i e aligaed o ibear, A small verlleal dispiacement of the horlzontal sweep trace due
{o the effect of line -valtage vactations on the 3C4H oscillescope imniediately dropped the
stgnat level 2ad consequently the tape printhg Intensity.

The recorder -unit design proved unsatisfactory !n several 1espects. The moast
anncying feainre was the difficulty expe:ienced in geiting the tape to remain centerci on
the recordliy udd +hiving rolls, The problem of sligniert of these rolls and o’ the paper
feed roll to make the tape run true uver a B-inch span ShviGusly Teguil&d adjunrments
that wers not available. In addition, lack of uniformiry in nanar voll cores causcd a
variable tape -feed position (Jaterally) as it left the magazine, which in some cases was an
overpowering frclor. The other difficulties could Le grouped under the general heading
ol operatiorsi drawbacks. These included tedicus magazine refilling, critical magazine
poeliioning, full-load starting or efse awkward stylua head carriage manipulation, break -
ing off of output leads from the terminal tcard, variation of oressure on styil with tensicen
on output leads, and occasional shorting bstween styll.

‘This cxprrionce demoenstreted the nced for higher paper speeds and along with them,
greater power output. A consideration of these additional requirements in conjunction with
the existing deficiencies inade it apparent that a complete redesign of hoth recorder uali
ana system was in order.

MODEL II SYSTEM

The oscilloscope and photoiubes required by the Model 1 Recording system presented
problems because of their bulk and fragility. The most promising alternate method of
commutation made use of an adaptation of a multinle~channa? pulse hieighi alscviminator --
a step-biased arrangement of multivibrators which has been termed a *ladder. With this
eystem, the application of a2 changing voltage to a common input will energize successive
channels in the same way that the moving spoi on the cathode-ray-tube screen activates
successive phototubes.

A simple but effective means of obtaining current proportional to phase shift has been
utiifzed in the phasemeter developed by E. R. Kretzmer (3). In this instrument twe Bine
waves or other recurrent signals are shaned and converted through parallel, identical
channeis into tv'o short, negailve, 8 v-pulses. ‘Ihese are applied to the grids of a bistable
multivibrator to nroduce square waves whose width corresponds to the phase displacement
between the signals. A meétst Uidn measures ihe 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 pulscs 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 ontput of such a bistable
multivibrator. The disparity between the operating frequency range and the maximum
usable frequency difference vas sufficien. to make this treatment fcasible. An «xperi-
mental setup showed that a reasonably good sawtooth waveform representing the differsnce
frequency could bs oblalucd ai the filter outont, This was applicd o0 a tweniy-channel
“ladder” discriminator of dc design directly coiinected to power output stages and thence
to the styli. A block diagram of the system is showi in Fig. 40. Thus a given phase shift
between two signals can be converted into 2 corresponding voltage value or level which,
when appliad to the “ladder,” w1l produce single-channel output, energlzing a correspond-
ing stylus position and making an ap;ropriate trace on thc tape.

Tuis sysierm worked “well in prellminary tests - with only one apparent drawback. In
sweeping through more than 360Y of phase shiii {1 « veie), a small flag or dash was
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Figure 40 - Blo k diagram of Modcl I svstemn

Figure 41 - Sample trice cf Model 11 system

generated in the middle of the flyback when the bistable multivibrator reversed itseif
(Fig. 41). The flyback trace itaelf was not visible, but the series of short dashes between
the sawtooth sweeps made the pattern somewhat coniusing in the presence of an irregular,
multipic-phase-shift echa. It might have been possible to eliminate this undestirable
raarking but the attempt was not made because a fatal characteristic of the system devel-
opet when tested on signal: having high noise content. This characteristic wes simply
that the presence of nolse with the signal acted to tr fger the bistable multivibrator ahead
of the desircd signal. Thus the greater the phase shift (the wider the sguare wave pulsel
the greater the opportunity for random nols< pulses to occur ahead of the desired signal
and thus eliminate its effect for 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-aagle stylus channels on one side of the paper tape because
the voltage did not rise high enough to trigger these channels. This manifestation was
fncompattt:le with the Sonar Graphic Indicator cystem and it brought the development of

Maodel 2 to an abront ieravination,
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Deseripting

‘The histable multivibrator, detector, and amplifier portion of this system wa: wired

up experhinentaily but never made into a finished unit because the Vimitailons of the system
were discovered In time. However, the 20-.channel discriminator wnd output -stage unit
was nukie np on g standard chassis with a S-inch raci, panel just like the nriginal ten-

chanuel chassis of Model I The power supply designed for Model 1 was used without
alteration jur ihe Model IT system along with the Mudel T Recorder Unit.

‘The schematic diagram of this system is shown in Figs. 42 and 43. A 12AUT tube
is used In-the bistable multivibrator circuit having low plate resistors to glve fast
response. Six-volt negative pulses of 1 t¢ 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 rhenstat. The variable-width square-wave
output pulse i3 taken from a portion of one plate load resistance and applied to the grid
of the first 1/2 12AT7 tube used as a blased detector. This 18 directly conuected through
a w-type RC filter to the second 1/2 12AT7 serving as a voitage amplifiei and vsing a
100,000-ohm cathode rheostat as a !inearity control. This, in turn, is directly connected
to unother 12AT7 tube connected in parallel ag a cathnde follower. At this point, an 80 v
sawiooth 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 resson, ": ladder
triggers are seo coupled, and they must oporate with equal facility on a rising or falling
input voltage. Consaquentiy, their constants are chosen carefully to give fast action cn a
small, slow voltage change with a miniinum of hysteresis. The triggais are Intercon-
nected so that an output voltage high enough to unbias the output tube is obtained only when
one of two adjacent triggers is “On” while the other is “Off® — a cendition exisiing unly
when the input voltage is just triggering one of them. :Therefore,no output stages above
or below this level will be energized, and only one stylus at a time will be activated. The
crystal diodes are used instead oi simple resistance coupling in order to give a larger
output voltage swing. The output stage 18 a parallel-connected 12AUT tube having a
3,300-ohm current -limiting plate resistor.

It was necessary touse rather high resistance values in the input coupling circult of the ontpuit
stage in order to holddown the currentdrain on the biagsupply. Although the latter could have
been aitered (o accommadate lowe: gi:v resistors, the low operating frequencies madce it
feasible to use the higher values. Fur cbvicez reamons, the Model II system was not tested
in the field under actual operating conditions.

CONCLUBIONS

The commutator-output unit of this recording system provides a very convenient
record of any single signal wave form of de or low-frequency value. Intense marking
on the paper is obtained by dc operation (100% duty cycle or marking time). Operation
of this uni! was checked up to a few hundied cycles (the usval maximum usable frequency
difierence of the Graphic Indicator system) wnd the comporents were selected accordingly.
It is possille to make this circuit design responsive to the full andio-frequency rasge by
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Robert Pellenbarg (Code 6101)

REVIEW OF REF. (a) FOR DECLASSIFICATION
Code 1221.1

Code 6100 7 ?/

Code 7100
036

(a) NRL Secret Report #4313, March 1954 (U) ,

(b) NRL Report #4001 V* AD-995 764 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 ;ecorder 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 reccommended that reference (a) be declassified with no
restrictions.
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