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ABSTRACT

The explmive=~researchprogram carried out on thi~ projeot has been

greatly facilitated by the use of’electronic techniques. Methods have been de.

vised for the measurement of the,propagation velocity of detonation wave fronts,

researches on electric detmators, investigation of the properties of explosive

lenses and other applications. The field of application is by no means Mmited

as ye%. The present report describes the principltisinvolved in such methods and

disousses a form of electronic equipment which has showm utility on this project,
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ELECTR(WC TIMING METHODS F(3RUSE IN HIGII=”XKPLOSTVE RE$IWCH
....- ———. .—

be investigated ~

USe Of this

the detonation

ins%mrba at which they do arrive is usually desired. More

been adapted to measure the velocities obtained in Mmroe

some electronic equipment which has been designed for suah memsure-

PRD3CIPLR—.
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The older nmkhod of placing a pencil lead against the primaoord and using

the breaking of a circuit as an indication of tho passage of the detonation cannot

.
aoroaa the opening circuit and destroys the accuracy.

ELECTRODE GEOMETRY IN PRIMACORR.— —.——

Practically any electrode geometry In primacord will func%iQn provided

and the distribution of icwdzation therefore finite. To date the most satisfac-

tory electrode system consists of a pair of pins stuck through the primacord in a

m is suffioicmt to Mm-o electron eolleotion. Higher fields than this may in-

ELECT’RCBDEGIXME7!FNIN SOLID H.E.

,

For uso in solid H.z. tha sane spming is us~d but tha pins are clamped

holders. The pin points may be inserted 1/16” Into the H.~. or in some

may be laid on tho surface of the explosives

Wherw these methods are rio~feasible the pins have been plaaed witihtheir

contact with the H.% and the space between them has been filled with a

plastic HOE.

9
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PRECAUTIONS IN SETUP

It has been deixmwtrated that tho shock wave in air or other gaa may pro-

vide auffic$ent %onizati.tmto provide Q aubdmntial pulao. To avoid syurious re-

sults it is moesaary to arrange the Amp geometry to be such that the detonation

wave through tho H.& arrl”rssa.%the pins before any shook waves wherever thene

ELECTRONIC METHOD.—

For general purpose work tlm electronic equipment usually compri8ef3a

prixmcord pulse generator, .a delayable faat-sweep oircuit. 5“ high-voltage ORC)9a

timing-mm”k generator, and mixer oircuit~. Tho fuuotion of these oircuits is

briefly describ~d in We following paragraphs; a more completo disousaion from the

electronic standpoint ia given later.

or other H.?3,with which to trip the timing cir’cuits~e.g.$ sWep cirouit, timing-

signal’a being produced bocnxu~~of accidental contmta of the wires leading to the

pins (or the pins %hemnelvos) after the detonation wave has passed and the TiiXWf3

tarewtruck by the IJ.11.blast. Without this precaution multiple traces may appear

on the CRO confudng the record, The pulse rises

~ec and deoaya exponentiallywith a lie value of

just aB a convenient sweep-trip pulse but is more

datum with respeot to which tine measurements are

less than 0.3

It may bo used

“time zero” or

APPROVED FOR PUBLIC RELEASE
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initiating signal. This provieion makes

Tho push-pull sweep output from this unit is used to drive a 5CP5 or ~CPll

cath@o-rmy tube operating with -2,,5kvgun voltage and +&kv post acmlerator voltage.

The tube beam i~ normally biawxl completely off and the W--volt

Is arranged to turn the bwam an for the duration of the forward

period only.

intwneifier signal

sweep or observation

Under these cord~t~ons single-sweepphotographyoan be ac~omplished w$th

writing speeds in excoas of 205~iwea per inch. A 35-mmcamera with aperture f 1.2

using Agfa Fluorapid Blue gives fiatid’actoryresults. More recently a standard

form of oamera hao been designed by Group (3-11.

The 2-@ec-marker &merator is the “clock” of the system, It accapts a

positim pulse derived from %h.eprimacord pulse generator (PCIN3)from the sweep

oircuit

2 pees

roughly

and procaeda thereafter to generate a series of timi~.pips spaced axactly

apart for a period of 200 ~ecB. These pips are some 70 volts high.

triangular in shape with tidth about 0.1 ~ec at baae, and are applied on

me of the signal plates of the CW.

Signals from the mixer circuits~ of which a variety

Iqjectd on the other signal plate. The Mxmval between any

are available, are

pair ox a@z3alB may

APPROVED FOR PUBLIC RELEASE
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funutbns given in Fig. 1 makea

block dia~ram the sweep circuit

chassis is shown brokm into the three ecmporkentunits: . trigger gmeratoro dd.ay

oirouit$ and mmep oimuit proper. In normal operation the trigger pulse (A) from

the PCPG is fed to Mm trigger generator in the sweep Qhassis and ia here shaped

(B) and fed at low impedanoo to-the delay eircmit and marker generator, The marker

generator then puts auk timing pips (C) of’knovm time relation to the PCPG pulse

(A) and the delay unit genera’teaa trigger (D) at a preselected later tirnowhich

4“ long it follows that tk boat resolution 5.6obtained with the faBtest sweq and

for many a~plioations a sweep speed co.rrmponding to 1 psea per inoh is favored

RLMXRWTION OF MEASUREMENTS-—

the dolsqredsoope %race* Interpolationbetween the
●** ●

—.—
9** .

●
●

:
: .*

8 :
●

*V9* ●:o .** ●:* :.. . .
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of tww waya. The first consists in running the awcmp delay

and oountimg the pips whioh disappear off the screen to the

10th pip movos off?the screen the next pip will be *ha (2x

out 810wly from minimum

left. Thus, when the

11) =22 #sea pip. or

the 40th or 80+wN pip. The mweep @peed WAD then be adjusted to suit the requir~

ment. Alternatively meamarementm over small time intervals with high aoouraoy or

long intervals with roduoed accnu’w$yoan be made by starting the sweep from one

pair @ pins (through PCPG) and locating the signah from two further pairs of

pins on the CR()trace aridmcamrlng the tiresinterval betwnen these last two
,

signals (see FigG 2b)Q

It wall be sam that these two methods differ in that the first makes

respect te the prZmacor’d

of the pips with respeot

J&amuxmmt of the transit time through an explosive lens is accomplished

in a similar fashion. The sw~Qp is usually initiated by putting pins into.thQ

detonation wave a% the faea of the lens is rworde ~=.=etns in
●O* ●.“* ● * --—

● : -
w. :0 -

●

● *99●:0 :00.:.:.. ●*
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oontaot with ths surface of the HOEO

In plane H.E. lenses a problem arose requiring the measurement of

W310tl?%%yas a’

positioned in

of e%eotrode$

f’umtion of po8ition in the lenBo A system of

the 11.E.(Fig. 2d) with known geometry and the

prasented through a mixer Cirouito on a single

electrodes (pins)

signals from eaoh

sweep. Ginoe tan

wall

set

poor resolution (25 weos per imh) with much reduoed timing aanara~y. To obtain

good time resolution under the aondit~ons of this experiments a multiple sweep

giving 20 lines each of

a resolution of

A 8p9ciaX set of problems arose a?Ja result of the demand fOr eleetrh

detonatora~ 32 or more of which were to be tired tegether simultaneouslywith an

accuraoy as much better than + 1/2 pseu as could be achievedO

As an-example. oonsider the use of a number of primaoerds of equal

length aa in Fig. ~ which are to be detonated simultaneouslyby a system of’

eleatrio detonatoral~ Suppose that at equal distances along sswh primacord from

the detonator a pair d! electrodes (pinfi)are inserted in the uord. Then. if the

detonation wave veloaity is con8tant and the same for all primaoords and if the

e%eo%rio detonators initiate all prinmcxmds 8imul%aneouSly0the ~Ve8 on the

pri.mauordcut from the same reelm the first assumption (oonstantand equal

velocity from primacord to primaccml) can be fulfilled and henoe a study of the

APPROVED FOR PUBLIC RELEASE
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. the simultaneity of initiation WMA m..--..

A variety of mixer oixwuits have been $esigned but they fall intg

three general cslasses. The f$rst is the step.wavt? type in whioh a smll voltage

step ia produaed eaah time a detonation wave paa8es between a pair of eleokrodeag

ThusO Fig. ~b shcnw the type of pattern wh50h r@8Ult8 when !signa~sarrivo ona af%ar

the other at equal intervala. Ideally, if the signals all arrire simultaneously

they would add ta form a single large amplitude step wave (Fig. 3e).

The utrouit of Fig. &approaohes this result but owing to the faot that

each voltage step must be 10 volts or more to be readily Visible. 32 simultaneous

signals require~ 320volts to be developed at the smpeo AeJthe mixer oirauit

must bo looated near the HuE. and at some distanoe from the recording equipment the

aignala are usually fed over cwxial oable o.feharaeteristie impedanoe lying between

fjoto200 Ohlmo To prodwe suoha voltage aormsa oorreotly terminated oaUles is

.
diffiault.

3YB however9 tho cable isnot properly terminated them a large fast

vol~age wave front applied at the sending end of’the system results in shook

excitation of the cable and oscillations appear on top of the step wave making it

diffioult to am any later signal whioh appears in this hash.

This limitation led to the ae@ond oategory of cirouit in whioh the

oable is properly terminated and the low input rea~stanaetis Used. in oonjunotion

with a SIIMIIGapaoity@ ta obtain a strongly differentiated signal. Th OtiWitB

aro usually arranged to provide a 3~wolt pulse at the seopo. The signal ha6 the

shape shown in Fig. j$d. The whole signal @an be nmde to be over in 0.2 mioroseas.

so tha% h~gh resolution is possible. Faster signals than thi$ are prohibited by tho

w. ● me
● ** ● ** . .●** . - - .*.
wae-04.3..
9* -.
. . :.” .
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writing speedO A number of simultaneous sigyiialathen add to produoe a larger

signal (Fig. ~o) o.nd‘~steppi~gmof the wave front mikes it possible to determina

Iaok of simultaneity (Fig, 3f).

However9 with this circuit too$ when a large

simultaneouslyand are followed by a single Signkia it ia

observe the late signal. This difficulty became apparent

number of signals oocur

often dif’fimlt to

when the detonator develop.

ment reached the point where spreads of only 0.1 pseo were observed in 32 detonatoraO

To ovcmwome this trouble a third oiroui% type - the ?lua~~nus ~xer -

was developed, Ma this cirouit 16 signals are !mde positivo and 16 negatfve,, If

the system is completely simultaneous they canoel and no output results. If$

howewer$ one signal is later than the majority it is plainly visible~

It is diffloulk from any of these results te obtain the distribution

in time at whioh the detonators fire and for this information the rotatiag.pri,m~

camera method has the advantageO A more complete description of these cirouito

is appended later.

(d] Further Applications of the Teohnique

Many further applications beaome apparent

been used ts examine th? reliability of H.E. branching

detonation waves from one HoE. to another via metal or

but the present aystemha8

devices. transmission of

air gap. Munro #etu$

detonation wave patterns in H.E* lens systemao oonaiatenoy of voloaity in prinmcordo

etoo

It has been demonstrated also. that the ionization in the high-pressure

region of a ehouk wave front in a gas is Sufficient to actuate the cireuik80

DESCRIPTION OF THH 3iLiiCTRONT.CCIRCUITS

teep positive voltage

APPROVED FOR PUBLIC RELEASE
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signal from primcord with which to trip other oiruuitso eOgO timing cirauitso SWOOp

cirouitso e~o. Mcmecnwrp it is intended to prevent more than one tripping signal

being produ~ed bemuse of aooidental contaots of the wires leading to the priumaord

when these tire atruok by the H.E. blast. Without this precaution multiple trfiaea

appear on the CRO oonfusing the reaord. The olroni.tfunctions as f’ollows% A

O.01.mfd condenser is charged to @Ov

Of the 2050 which is biassed Off’.

A low.resistance oharging

measured between the electrodes in the

25k ohm.

through the 10k ohm resister in the plate

circnaitis required sinoe the DC resishnoe

primacord

By means of a double Amphenol sable

may~ on damp dayao fall as low au

conneotoro the higkvoltage side

ef the oondemser is conneoted to one ~f the electrodes in the prismmrd and the other

is eonneoted to ground through ~ ohm The detonation mve pas8ing through the

electrodes in tho primacord under these condition produceo a resistance between

them wh$oh instantaneouslyapproaches zero. ‘fhua,6 voltage signal ooneiderably

greater than 200 ‘&%6 developed aorosu the ~ ohm and drivee the two oathode

followers inte grid oarrwt. Cathode oonduotion in the 6SN7 starta when the

signal wave front reaches an amplitude of 90 volts and the posit~ve oathode signal

5s fed baok to fire the 20~ Thyratron.

After a slight initiation delay the Thyratron disohargea the O.Ohnfd

condenser through 500 ohms and remains oondu~ting te prevent reoharge of the oo~

denser. Further short oirouite of the pins or oomsmting wireiadue to aooidedx in

the post explosion period ~ause no significantvoltage pulee8 across the ~ ohms

and henoo~ no further tripping puheso The po8i.tivesignal developed is put out ●t

low !.mpedanoothrough the &iGT aathode follower into oables leading to other
●m. ●●om ● ● ●:* ●*. ..

apparatus.. The output signal ris.4 ts 3$J0q i~.ajt~th of a #seo anti deoays ex.
● .

“’~

● o ● ** ● 9* .:. :.. .*

● m ● **8** **P ~ome e .
9**”, ?r-cr
--B*. ,,
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ponen’biallywith a tie value of about 5 pseos.

A remoteswitch in the anode oimuit of ‘the2050 allows voltage to be

a?plied to the primmord eledrodes after the operator has moved a safe dlstanuo

f~omthe H.E. A remote &to4 milliammeter conneoted t~ pin 1 of JJ allowa the

operator to cheek the voltage on the 000bafd oondenaero In this way short oiruulta

cm low resistances aorosa the primaoord eloot~~des oan be observed remotelyo For

test purpcaerna normally op~ mieroewitoh ia provided whioho when Qlosedo short

oirouita the prkmaaord electrodes to simulate the prlnaoord pulsoo A norenlly open

relay which mny be operated through pins 2 and 3 of J3 enables a remelm vontrol

test of the system te be made. Owing to the heavy aurrent drain through the

2050 after it has fired, it is neoesaary ts opon the anod~ oireuit after firing

to extinguish the disdwmge.

Th$a pube has been used as a “time zere” or datum with reopeot te

which time measuremcmts ars madao

Mmm CIRCUITS

The oircuitu of Figs. 6D70 8, 9, and 10wera deeigned
.

applioationso Since the pulse rise times involved are of the order

for various

10-7 SeOne or

IessO vaouum-tube amplifier~ have been avoided and the pulses have bem generated at

s level large enough for convenient viewing on a high-speed osoillograph~ Fig. 6

shows a oirauit designed to mix together the signala inte a 00mmon oapmity CZO Eaoh

‘f ‘he condensers C2’ C39““-C17 mo oharged te 49 v through ● high impedanoo and

are aonnected to the various pairs of pin69 When-or ● detonation mm pasnes b-

tween a pair of pins $ts oapac!%tyspills oharge ht. the uommon cqaotty Cl. The

magnitude of the volti.gesignal thus obtained can be adjuwted by ohooeing the

APPROVED FOR PUBLIC RELEASE
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patiblo with pl.l~~eSizeq

Mch of the condensers C2---G17 is t%arged through a high resistances the

time aonsixintbe?ingImg enough that further mechanical cont~cts of pins or wiring

ownnot produco significant pulses during the viewing period, Alternatively an

electron tube clamp circuit”my be used to prevent reoharge of the condensers once

they have been discharged.

Fig. ~. In this circuit~ mixing is effected into a common resistance, This re=——
0

sistance when the stitch S is open, is the input $mpedance to the 50-ohm cable

which, whsn tlaecable is aorrectly termin~ted at the

to 50 Cd’mts. (~

When S is dosed, the common resiistanw is

in parallel with the 5000hncable input resis’tanoe.

‘etioed ‘inoe ’17 ‘s ‘3vitahed

with s open, the voltage de.

veloped at the mope, when the detonation wave passes between a pair of electrodes

PI* is 90 volts high, rises $n less than 0.1 pew, and has an exponential tail

determined by the time constant Cl(R~’t~O) sees. This large pulse ia used whenever

the circuit is employed for veloc%ty meaauremonta. with S C~OSdo R17 is uwd~Y

circuit in this condition is

voltage developed tioross the

-—.—
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mixing resistor is not a

simultanmu81y since the

● me ● **9**** ● -* ● --
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linear function of the number of pins P1---P~G switching

current from any condenser say Cl is determined by the

potential difference across RI. Thus, the pulse size gets smaller the greater the

vcltage across the mixing resistor.

Eaoh of the condensers C~--”CIG is oharged thrcugh a high-enough resist-

ance to prevent pulses of significant size from being produced during the observation

period because of meohanioal shc)vtsof the pins in the post.exploeion period. An

eleetron tube olamp cirouit may be used to prevent reoharge of the condensers onoe

they have been discharged.

Very fast pulses have been obtained by reducing the aondensera C1---C16

to values as low as 400 mmfd. The circuit has als~ bemused with asm~ as &

s~gnals mixed together.

Fig. 8 shows a rearrangement of’the above circuit—.

pair (or one electrode of’a mechanical switch) is

I

for use where one pin of eaoh

required to be at ground potential.
.

The function of the circuit is essentially the mime.

Fig. 9. Bmause of the non-linearity of the above circuits

to maintain the mean potential difference across the mixing

a aireuit wan devised

resistance at zero.

This is achieved by charging cne-half’of the oondensersO e.g., Cl, posi-

tively to k50 volts and the other half e.g.s C2, negatively to -450 volts. The

ourrents frcm thece condensers f’lowintc a common mixing reeistor (50 ohm when the

output cable is correctly terminated &nd S i6 openj 25

cable is uorrectly terminated). When detonation waves

PI-.0P2 the uurrents are then alternately positive and

ohms when S 3.sclosed and

pass through the electrodes

negative and sum is zero.

Thus, if all Switches closed simultanaouulythere would be no e.m.f.

acrosa the output, but in the general ease the switahes olose one after another

iS 90 volts; with
● 9 900 ● *8 ● ●

. . . .’m . ● 0 ●m.
signal i3ize i8 45 volts. - - :. : : ‘--_-”. .99,.09 ● 9 .-
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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

● ✎
✎ ✎
✍✎

● 9, 9 D**. :-

908 ● eo
● ?*Ww
---
..-.-.. e

sow
. . . . .

.** ● m
● 99
w . ...9*
● 9*
● . . 99,

..m.

..---

charge ir4 removed may also be

-—.
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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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The remainder

V2 inverts the positive

VI whose gate width may

bias adjuwhnent for the

9* ● ** ● ** ● ** ● ** . .
● ●

●
.0. .

: :* ‘** e ●
**● :

:* eb

● ●:0 : 80●:* :00 cm
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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

●9 ● om ● w* ● ew ● .* ● *

‘.’ ::” ij-

-.,,.. . .
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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..

., ●-9
● e*

~.d :,:* : : ●.O

.-~r- *-- --
en *

-= -o:-
*.A. ● ,
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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 ● ●—-- .
,,.”.. . . .. ...= .

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ✌ ● 9*E** ● *●sO :
meee. ●** ●

● 0.: ● e.e0:: :0.98 . . . . ●O*:
● **ee,

● ☛ ● *W ● ** ● 8* ● ** . ..
w :

9: :9 ● **

● *e *-e
m.
e

8 *.*:0
●: :::0 ● ** ● .

=-25-

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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