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Since. for ideal operation, ewh s$gnal should be a step (or unit funa-

compared with the time

with pins in primaaord a

top about O.~~ec followed

by a tail of rcwghly exponential shape of total duration O.j$~sae) was obtained ir-

respective of the time ~~n~~ant CIRI (praV~ded thi6 WM Greater th~ 5psecs)*

This may be Mxmpreted as due to the faot that the ionization between the elea=

trodes is finite and once all electrons have been suoked out of the volume the

current ceases sinoe the pcwitive-ion spaca Charge drifts too slowly tq contribute

to the current before the system blows apart,

The cirot~itha8 been used a~so where it has been necessaryto identify

the signals aas~ciated with certain pairs of pins. This is done by making three

resistors like RI in the Poait~v@ side diff~r~nt “sothat three different-sized

positive pulses are obtained and thr~~ r~sistor~ Xike R2 in the nefw~~~ side dif-

rer~~t so that three diffarent-sizednegative pUISeS are obtained~ In this fashion

SIX identifiable signals are obtained and time hbels may be attached to the ins-

tants at which the detonation waves passed between the various pairs of pins?

To prevent additional pulses due to mechanical contact of the pins or

their lends after the explosion th~ chargl.~ rssistors for the condensers C1~ C2

eta. are made large @o thnt they wmno% acquire sufi’ioient charge to g%ve signifi-

cant pulses during the period of observation. XQectronio clamp oirouits to pre-

vent reohsxge of thass condensers after the initial

usedo
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The fir6t stage VI i8 a trigger generator. By means of the ganged three-

position witches S1 and S2 the oircuit can perform ‘anyof three funotions~

po&itj.Qn1 . Operating Ekx3ition: a poaitivs pulse put in through either

of the sockets marked “prbacord int’fires the 2050. A p@@e of’100 volts’ ampli-

tude rising in 0.l~8eo is nuoesmary to fire the tube with a delay leas than 0.1

~ec. Slower pulses will lead to greater delays in starting. On firings 8 steep

positive pulse is produaed at the cathode ad is cathode f~~l~d OUt through V2

to provide a trigger for other circuits.

After firing$ TX con$knuea to oonduct through the ~Okohm anode load un-

til the anode switch S6 is opened. Before firing, check that S6 has been closed

by observing the reading on the

mition will fall ~lmcmt to zero

the discharge.

J?08i*ioxA2 - 60-cycle

O-to-l milli~eter. After firing, the meter izadi-

and S6 should be opened immediately to extinguish

Repetitive Test; in ‘&Me position Vl is triggered

franithe 6Gcyole AC supply to provide a recurrent traoe on the CRO for visual

dotm’mination of swec!pdW&tiOllS$ eta. The oircuit may be tested using a 8ynchr’o-

scops Model Ph by inserting the synchroscopetrigger in the jaok marked ‘Test

Pulse In”

SWitdl s
5

(black panel) and stitahing S5 to the aPProPria~e Posit$ono ~er ‘se~

back or the 60-cycle repetition rate will not function.

Pmition 3 - Test and Calibrate Position: Srlthis position the e3rQuit

is triggered manually by moans of the microswitch enabling a tike ealibrattng

tr~ce tp be put on the m.m’y and photographed on the mme film as the signal. The
.

timing marks are photographed
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V2 inverts the positive

VI whose gate width may
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triggsr from the first half

followss the second half of

and drives a gate univibrator

be choson to be 100~seos or 200~secs. A screwdriver

second half of V3 must be set to maintain this tube
.

IWWIIUI13yoff’ Or th~ ~y~t~ will ‘~~ fre8”, It will also be found that the bias

value will affect the gate width and this provides a convenient fine adjustment.

‘thenegative gate generated at P5 V5 is used to cut oft’the tried clamp

m~ (is% half V5). The sawtocrthwave form developed at P2 V5 is made linear by

the “bootstrap”method of maintaining the charging current through the 250kohm

anode load essentially constant by the feed==baokarrangement involving the 2nd

half V5 and the Iat half’of the diode V4. Became the cathode followsr (2nd half

V5) does not have sanitygain the sawtooth at its

at it$ cathode and thi~ ~@V@ ia fed into a diode

be biased betm-eenO and 250 v.

Conduction through this diode doe$ not

grid is rather more linear than

(ad half V4) whoas cathode can

start until the anode beoomes

positive wtithrespect to the oathodo and the time at which a signal is developed

across the 25kohm Qathode load of VL will depend upon the bias value chosen on the

potentiometer marked “CCl!4RSEDllXAY”,A vernier delay adjustment is also inoluded

-to

in

make adjustments within a l~sec range. The delay oontrols are linear and read

microseconds with a reset accuracy of the order of ~ 0.5~secs.

The positive pulse arising at the cathode Of V4 can thu8 be delayed at

till with respect to WI ad is used to d~~ve v? into wfd c~rre~t from outoff-

‘Thenegative s~gnal developed a% the @node of VT is inverted through the pulse

the pulse transformer to

transformer N45?Wiwhose seoondary is eonneoted as a “bootstrap~ or invwted ampli-
●00 9 .** ●** ●*

.’m - w
tier. ‘L’hediode V6 is ccuwm@ed~a&om&t& &&ary Qf
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of the bootstrap amplifier

r$sea in 1 ~e~ to 250 volts but is not provided at low impedanee as in a cathode

follower. It is, therefore, put out through the second half V9 driven as a cathode

follower to provide a dalayed %ri&g%r pulse. This is the pulse which is thrown on.

to a non-delayed sweep for the setting of an appropriate delay in operation and it

may also be used for triggering other oircuits in known time relation to t=O. The

8anxesignal is fed to the grid of the 2nd half of vu which is connected as a oath-

ode follower with one winding of a M@%’

The positive pulse developed across this

cillator (lst half V ) which developes a
9

pulse transformer in its cethode circuit.

winding is used to drive a blocking os-

fast positive pulse mroes its cathode “

load. !l%i.spulse is used to start the sweep cirouit

quired.

A two-position selector switoh S3makes it

when a delayed sweep is re.

possible to accept either the

delayad trigger or the instantaneous trigger from the cathode of V2 (p3) to provide

sweeps with variable delay or zero delay. The 1st half of VIO 18 used to invert

the signal and provide a negative trigger to the univibrator VII, Vie.

The gate width of this univibrator can be varied by the four-position

switch S5 which is ganged to S~ in the sweep generator. Intensifier gates and

corresponding sawtoo’chsM duration 5P IOS 20 and 100/Meus tire provided. The uni-

vibrator is sensl,tiveto fluctuations of the +300 and -1~0 v power supplies sinm

pentodes are used. For this reason the +500 and ==150volt DC supplies are eleo-

tronioally regulated. A ~orewdriver bias adjustment is provided for correct biam=

in~ of v~ and the circuit is mnnitive h this adjustment.

‘l’hepositive gate at the plate of VII is cathode followed out through
99*9 ●.. ●O* ●*

.O- 9
tho wxond half of VIQ to gr;vide~lm &&na~e&ng ga~e to the CRO. The negative

::;:::;(~ -●0
-> ‘3 ?77 ?
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square wave generated at the anode of V32 5.sused to

~

turn off the ahmp tube VU

and generate the SWQOF. A pentode rather than a triode is used in thi~ position

to prevent a negative aignal”s being transmitted via the anode-grid capacity. The

rise of anode voltage at the anode of V~ $s made to be very nearly linear by a

feed=lxmk action through tho cathode follower 1st half V15 and the diode V13. If

the cathode follower had unity gain its cathode would rise at the same rate as the

an~de of V , and the 0,3 m.fdcondenser drives the oatlmde of V33 above its atati.o
fi

voltage of +300 at the same rate oawsing a ee8sation of current through it. In

this fashion the voltage aoros~ the anode load of Vu is maintained nearly eon-

atant and hence the rise @ anode voltage of V
u

is acuastant. The rate of rise of

voltages and therefore wwep ~peed~ is controlled by the coarse adjustment (selec-

tor switoh S~) whiah variee the capaaity to be charged and a vernier control (vari-

able 2’50kohmpot. in plate oirouit of V~) which varies the charging current, The

first half of V15 provides a positive sawtooth to one defleator plate and the

seoond ha~f is oonnected as an amplifier of unity Gain whioh inverts the sawtooth

to provide push=’pulldeflmticm. For better linearity particularly with fast

sweeps (51Asccs or leaa) the output stages would better be pantodes but, as is

shawn laterg this is not the limitation in the present system.

CATHODE-RAY 0SCILL051MJM; Fig. 12——— - .————- —

For high-speed singNI-svYwJpphotography the P5 or Pll sorewB and 5“ CRO

tubes type ~CF’5$5CPIIS 5JP5, 5JPll are preferred. The type J tubes have lower la=

put capacities than tho type C tubes. ‘fheyboth function satisfactorilyin the

present o%rcuit. Conventional power suppl$es provide =2.5 kv to the eleotron gun

..”.

. . .

--” . . -
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of about 100 volts per inoh results.

are operated from the +300, -l~C1volt

signal-selector switch i~ provided to

out ohanging cables.

In spite of the Iin@arity of the sweep voltages provided by the sweep

The shift aantrols, vert~oal and horizontal,

supply provided for the sweep eiruuit. A

enable various signals to be presented with-

circuit the photographic records are not linear over their complete length. Thie

is due to two effects. the first of which is the curvature of the face of the soope

tube and tho seoond is due to nonuniform magnification over the mmera field.

These two effecte are most 8er’iousat the edges of the soope screen and, for this

reasons signals to be timed should, as fax’as possible, be arranged to fall in the

center of the saope trace where tho linearity of the overall system is best.

sw MARKER GENERATORS Fig. 13

The circndt iO design@d to aacwpt a positive input pulse of 25 volts or

a period of 100 or 2(?O#wcs. If a standard input pulse

of each one of tho timing pipe with respeut to it ~an bs

spaaed at 2 pseo apart for

is available the poisiti.on

measured and the cirouit

provides a kime ~oalo for calibrating CRO traces.

In gmomal, timing measurements have to be made with respeat to an

electrical signal developed from a high explosive by mans of the prisaword pulse

CIRCUIT CE%RMTION.—

The positive input trigger to W@ buffer tube VT-1 pulls current through

tho f?OIKduns anode load of the mwond half of VT-2 and thereby triggers the gate MV
●OD ● ●*8 8**●*

●a. - ●

(or univibrator circui%) c.om@o&@oVTi2 ~nd~a~negative square wave of voltage of
●* 9-.● *W ●** .*b..
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this ‘gate’!

ia dotemnined byths RO value of the capacity between pin 3 and pin ~ of vT-2 and

the resistance from pin X to @_ and also, to a lesser extents by the atatio bias

voltage a% pin l+. If the bias is too small the univibrator may run free and muXti-

vibrata. This may be corrected by the 100k ohms Screwdriver adjustment located

on the imp of the chamis. The negative gate at p5 VT-2 is used to outoff the

clamp tube (2nd half VT-1) and allow a Hartley Oscillator VT-3 to commence osuil-

3Qting, The amplitude of the oaoillaticm aoross the tank circuit in the oathode

of the clamp can be made canstant from the moment of unclmnping as follows~

In %he static oondition the clamp tube carried 15 ma and emorgy ia ~tored

in the tank as 1/2 Li2. On obmping this energy oscillates bmk and forth between
.

the mpwity and indudmxw in the tank. With no losses therefore. the peak volb

from @C+ =1/2Li2.

these oscillationswould die out expo-

the cirouit. On the other hand, if the

tank energy the oaoillations buildup

exponmtially depending upon the Q of the cirouit and of amplitude determined by

the feedback resistors (R2) in the cathodeo Thus,by adjusting R2 so that the f%nal

amplitude is the same as the initial one the two expmentials

and a sine wave of constant amplitude results. To operate at

of 2~seo~} the Sioklos md.1 12T%9A has been redwwd from 1.5

cancel eaeh other out

~c# kc (pip spacing

mh to 1 mh in order

%hat the tuning capacity can be kept large oompared with Interelectrode oapaoitiee

which are tomperaturs dependent and therefore lead to freqxmcy instability. For

the mum mason. the screen is bootstwapped to tha oa’bhodein VT-z so that cathade-

Of the tube

● 9 900 .*W ● ● ●. . . .’9 9 ● 9 ● ●—-- .
,,.”.. . . .. ...= .
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made a mimimum. Changing the tube VT-3t?am doe13 not upset the frequency calibra-

tion e The output from VT-3 is oathode followed through VT-4. A. phase inversion

is obtained by means of the transformer in tho cathode aircuit. The trigger tube

~-5 is ncrmally biased off through the transformer’seoondary. As soon as the

gate opens and the osail’laterstarts up the first half cycle (whioh is positive)

and nuccoedhg positive half cyoles drive VT-5 into grid current through the lk

soriss grid resistor provided to pre’ventexcessive loading. In this way, the tube

m-~ i~ switohed whenever the $ine wave oro~8es the axi8 with dE/dt a maximum and

positive. VT-5 drives the blooking omillator VT-6 by pulling current through the

anode load of VT-6 and hence driving its grid positive producing regeneration.

The anode cmumnt plus grid ourrent pulses flwing through the cathode load produce

a voltage autput of ampli%ude about 75 volts roughly triangular in shape and with

a width of 0.1 ~ecs at the base.

Sarawdr%ver controls for the grid time constant and grid bias of VT-6 are

lomted on top of the chassis. If the grid time constant is too large the oirouit

may become unstable cm frequency divide; if the grid bias is too low the oircuit

may ~tart to osuillato freely a% a frequency deteminsd by the grid time constants.

Voltiageregulated power supplies of -@O and -150 volts are built on the

chassis and should be cheoked before R3 and m are adjusted to obtain pips at the

driver frequenoy of 500 kc.

FREQUENCY STABILITY OF CIRCUIT— —...—

After a warmup period of 20 minutem the oscillator will have reached

steady stato conditions and under normal ambient temperature conditions the day to
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2.0 p8t?cs owing

In the same way

tube oo.mesinto

to transient ef’feo%sbut the shift is normally less than 0.1 ~ec.

the spaoing of the last two or three pips is affected as the olamp

operation and shorts the tuned circuit.

CALIBRATION OF PIPS.—.

Whore relative time measurements only are

is to tuno the oscillator to 500 kc so that the pip

required all that i8 neoessary

spacing is exactly 2~ecs.

This maybe done in a variety of ways one of which is to open the grid of (VT-1 2nd

half) and bias thie tube to -150 volts. l’heEartley oscillator then runs free and

a Lissajou figure can be formed with a frequenoy standard. (e.g.~ my8tal osoillatcw

at y10 kc) by taking the sine mve generated at the cathode of VT-4.

Where aboolute time measurements are required relative to “zero time”

(pulse from primauord pulse generator) we have to attaah a time label to each of

the pips. Tho calibration is then a little more complicated and can best be ef-

fected by means of a circular sweep oirouit.

For this purpose a crystal controlled Siokles Caklbrator,Model 3$ has

been modified to oporato at L@ kc and provide a sweep traversing the circle in 10

~ecs. A central deflecting electrode on the CRO enables a radial deflection of

the sweep to w made and the 100 k~ is divided down to provide a trigger signal at

500 cycles so that circuits may be triggered in synchronism~dth ~he sweep. To

take up the small delay in tho sweep cirouit trigger generator the Siokles Calibra-

tm trigger ia fed through it to the Marker Generator

pip~ at 500 cyoles,

Nhen these

tank oircuit of VT-3

top of each other On

pips are injected on the central

which then develops trains of

deflectcr electrode and the

into f$ve sets of pips lying on

2~~eos apart. In this faahion

~
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tuning can be very acm.ma’hly accomplished. In order to attaoh time

within jWOpecs of the trigger signal. In this way the position in time of aaoh

of the pips can be examined separately and read off on the calibrated scale. The

absolute time label ~ttmhed to tho pips by this measurement is good to $0.~ ~eo

ful dimaasiontithmmkrs of the Rloctrcmioa Group and the many groups in the
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