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Since, for ideal operation, each signal should be a step (or unit fune-
tion) wave, the time eonstants like clRl are made leng compared with the time
spreads to be measured. However, when shots were made with pins in primacord a
fegt-rising pulge (rise less than 0.l psee with a flat top about Ooi)Aaoc followed
by & tail of roughly expenential shape of total duration 0.3 psec) was obtained ir-
rogpective of the time constant CIRI {provided this was greater than 5'LSBQS).
This may be interpreted as due to the fact that the ionization between the elec-
trodes is finite and once all electrens heve been suocked out of the volume the
curresnt coasss since the positive-ion space charge drifts too slowly to contribute
to the current before the system blows mpart.

The cireuit has been used also where it has been necessary to identify
the signals associated with certain peirs of pins. This is done by making three
resistors like R, in the positive side different so that three different-sized
positive pulses are obteined and three resistors liks R, in the negative side dif-
ferent so that three different-sized negative pulses are obtained. In this fashion
gix identifiable signals are obtained and time labels may be attached to the in-
stants 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 leads after the explosion the charging resistors for the condensers Cy, Cp
etc. are made large so that they cennot acquire sufficient charge to give signifi-
cant pulses during the period of observation. Electronic clmmp oircuits to pre-

vent recharge of these condensers after the initial charge is remcved may also be

used, l -
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The first stage VI is a trigger generator. By means of the ganged three-

DELAYABLF SWEEP CIRCUIT - Fig. 11

position switches S1 and S2 the circuit can perform any of three functions;

?ocitioh 1 - Operating Position: a positive pulse put in through either
of the sockets marked "primnco}d in" fires the 2050. A pulse of 100 volts® ampli-
tude rising in 0.1 psec is necessary to fire the tube with a delay less than 0.1
psec. Slower pulses will lead to greater delays in starting, On firing, a steep
positive pulse is produced at the cathode and is cathode followed out through V,
to provide & trigger for other circuiltis.

After firing, Vl continuss to conduct through the 50kohm anode load un-
til the ancde switch S6 is opened. Before firing, check that S6 has been closed
by observing the reading on the O-to-1 milliameter. After firing, the meter indi-
cation will fall almost to zero and 36 should be opened immediately to extinguieh
the discharge.

Position 2 = 60-cycle Repetitive Test; in this position V, 1s triggerod
from the 60-cycle AC supply te provide a recurrent trace on the CRO for visual
dotermination of sweep durations, etc., The circuit may be tested using a synchro-
scope Medel Pl by inserting the synchroscape trigger in the jack marked "Test
Pulse In" (black panel) and switehing 85 to the appropriate position. After use,
switoh S5 back or the 60-cycle repetition rate will not function.

Positien 3 = Test and Calibrate Position: 1n this position the eircuit
is triggered manually by means of the microswitch enabling a time calibrating
trace to be put on the scope and photographed on the same film as the signal. The

switching sequence for Sg given pbove is nscossary in this position. Normally

this position is used for toéé Pargdseé only as the timing marks are photographed

simultanecusly with the sigrdl.




The remainder of the circuit functions as follows: the second half of
Vo inverts the positive trigger from the first half and drives a gate univibrator
V3 whose gate width may be chosen to be 100 jusecs or 2001450cs. A screwdriver
bias adjustment for the second half of V3 mist be set to maintain this tube
normally off or the system will "run free", It will also be found that the bias
value will affect the gate width and this provides a convenlent fine adjustment.

The negative gate generated at P5 V; is used to cut off the triod clamp
tube (1lu% half VE)' The sawtooth wave form developed at Py V5 is pade linear by
the "bootstrap" method of maintaining the charging current through the 250kohm
anode load essentially constant by the feed-back arrangement involving the 2nd
half V5 end the lat half of the diode V). Because the cathode follower (2nd half
V5) does not have unity gain the sawtooth at ite grlid is rather more linear than
at its cathode and this vave is fed inte a diode (2nd half V)) whose cathode can
be biased between ¢ and 250 v,

Conduction through this diode does not start until the anode beocomes
positive with respect to the cathode and the time at which a signal is developed
across the 25kohm eathode load of Vh will depend upon the blas wvalue chosen on the
potentiometer marked "COARSE DELAY". A vernier delay adjustment is also included
to make adjustments within a 1}1860 range., The delay controls are linear and read
in microseconds with a reset accuracy of the order of f 0.5 psecs.

The positive pulse arising at the cathode of Vh can thus be delayed at
will with respect to t-0 and is used to drive Vg lnto grid current from outoff.
The negative signal developed at the anode of V7 is inverted through the pulse

transformer 1LSEW whose secondary is connected as a "bootstrap” or inverted ampli-

fier. The dieds V6 is connsgted aq;oss the prtmary of the pulse transformer to
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prevent a positive overswing. The signal at the cathode of the bootstrap amplifier
rises in 1 psec Yo 250 volts but is not provided at low impedance as in a cathode
follower. It is, therefore, put out through the second half V9 driven as a cathode
follower to provide a delayed trigger pulse. This is the pulse which is thrown one
to a non-delayed sweep for the setting of an appropriate delay in operation and it
may elso be used for triggering other circuits in known time relation to t =0, The
pame signal is fed to the grid of the 2nd half of Vg which is connected as a cath-
ode follower with one winding of a 1LSEW pulse transformer in its cathode circuit.
The positive pulse developed across this winding is used to drive a blocking os-
cillator (1st half V9) which developes a fast positive pulss ;crosa its cathode
load, This pulse is used to start the sweep circuit when a delayed sweep is re=
quired,

A two-position selector switch S3 makes it possible to accept either the
delaysd trigger or the instantareous trigger from the cathode of Vs (p3) to provide
sweeps with variable delay or zero delay. The lst half of Vip is used to invert
the signal and provide a negative trigger to the univibrator vll’ V12'

The gate width of this univibrator can be varied by the four-position
switch S5 which is ganged to Sh in the aweep generator. Intensifier gates and
corresponding sawtooths of duration 5, 10, 20 and 100 jpeecs are provided. The uni-
vibrator is sensitive to fluctuations of the +300 and =150 v power supplies singe
pentodes are used., For this reason the +300 and =150 volt DC supplies are elec-
tronically regulated. A sorewdriver bias adjustment is provided for correct bias-
ing of V) and the circuit is zensitive to this adjustment.

The positive gate at the plata of yll is cathode followed out through

the second helf of V10 to provtde'an gnﬁwnsiﬂying gate to the CRO., The negative
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square wave generated at the anode of Vio is used to turn off the clamp tube vlh
and generate the sweep. A pentods rether than a triode is used in this position
to prevent a negative signalis being transmitted via the anodeagrid capacity. The
rise ofvanode voltage at the anode of Vlh is made to be very nearly linear by a

feed=back action through the cathede follower lst half V1 and the diode V15. It

5
the eathede follower had unif{y gain its cathode would rise at the same rate as the
anode of vlh’ and the 0,1 mfd condenser drives the cathode of V13 ﬁbove its static
voltage of +300 at the same rate causing a cessation of current through it. In
this fashion the voltage amcross the anode load of vlh is mainteined nearly con-
stant and hence the rise of ancde voltage of vlh is congtant, The rate of rise of
voltage, and therefore sweep speed; is controlled'by the coarse adjustment (selec-
tor switch S5) whigh varies the capacity to be charged end a vernier control (vari-
able 250kohm pot. in plete cirocuit of Vlh) which varles the charging current. The
first half of V15 provides a positive sewtooth to one deflsctor plate and the
second half is connected as an amplifier of unity gain which inverts the sawtooth
to provide push-pull deflection. For better linearity particularly with fast
sWesps (5/45ccs or less) the output stages would better be pentodes but, as is

shown later, this is not the limitation in the present system.

CATHODE-RAY OSCILLOGRAPH: Fig. 12

For high-spsed single=-sweep photography the P5 or Pl} screws and 5" CRO
tubes type 5CF5, SCP1l, 5JP5, 5JP1l are preferred. The type J tubes have lower la-
put cepacities than the type C tubes. They both function satisfactorily in the
prosent circuit. Coenventienal power supplies provide =2.5 kv to the elsctron gun

and +4 kv te the post accelewaldry Undep thege conditions a deflector sensitivity
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of about 100 velts per inch results., The shift controls, vertiesl and horizontal,
are oporated from the +300, =150 volt supply provided for the sweep circuit. A
signanl=selector switch is provided to enable various signals to be presented with-
out ochenging cables.

In spite of the linsarity of the sweep voltages provided by the sweep
circuit the phetographic records aré not linear over their complete length. This
is dus to two effects, the first of which is the curvature of the face of the scope
tube and the pecond is due to nonuniform magnificationrovar the camera field.

These two effécts are most sericus at the edges of the scope acreen and, for this
reason, signals to be timed should, as far as posaible, be arranged to fall in the

center of the scope trace where the linearity of the overall system is best,

2-psec MARKER GENERATOR: Fig. 13

The circuit is designed to acgept a positive input pulse of 25 volte or
more and proceed to generate thereafter a series of pips spaced at 2 useo apart for
2 period of 100 or 200 psecs. If a standard input pulse is available the position
of each one of the timing pips with respect to it can bs measured and the circuit
provides e time scale for caliﬁrating CRO traces.

In general, timing measurements have to be made with respect to an
electrical signal developed from a high explosive by means of the primacord pulse

generator (Fig. 15) B-124, and this signal is regarded as t=0.

CIRCUIT OPERATION .

The positive input trigger to the buffer tube VI~1 pulls current through

the 20k ohms anods load of the second half of VT-2 and therehy triggers the gate MV

L] *=8 8 .99 B &
L

(or univibrator circuit) compfisingeVT<2 sndiainegative aquare wave of voltage of
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amplitude about 150 volts is genorated at pin 5 V=2, The duration of this "gate"
is determined by the RC value of the capacity between pin 1 end pin 5 of VI-2 and
the resistance from pin 1 to BY and also, to a lesser extent, by the static bias
voltage at pin 4. If the bias is too small the univibrator may run free and multi-
vibrate. This may be corrected by the 100k ohms Serew Driver adjustment located
on the top of the chassis. The negative gate at p5 VI-2 is used to outoff the
clemp tube (2ad half VI~1l) and allow a Hartley Oscillator VI-3 to commence oscil-
lating. The amplitude of the oscillations a¢ross the tank circuit in the cathode
of the clamﬁ can be made constant from the moment of unclamping as followss

In the static condition the clamp tube carried 15 ma and energy is stored
in the tank as 1/2 Li%. On clamping this energy oscillates back and forth between
the gapacity and inductance i& the task. With no losses therefore, the pesk volt-
age acroes the condenser V can be computed from 1/2cv2 =1/2 1%,

If the Fartley were disconnected these oscillations would die ocut expo-
nentially at a rate determipad by the Q of the cirecuit. On the other hand, if the
Hartley has to start oscillation from zero tank energy the oscillations build up
exponentially depending upon the ¢ of the circuit aﬁd of amplitude determined by
the feedback ressistors (Ra) in the cathode, Thus, by adjusting R 5o that the final
emplitude is the same as the initial one the two exponentials cancel each other out
and a sine wave of constant amplitude results. To operate at 500 k¢ (pip spacing
of 2 pﬁeos) the Sickles coil 127894 has been reduced from 1.5 mh to 1 mh in order
'that the tuning capacity can be kept large compared with interelectrode capacities
which are temperature dependent and thereofore lead to freguency instability. For

the name reason, the screen is bootstrapped to the cathode in VI-3 so that cathode-

screen potential is maintaiped Fogstant pndibpnce the input capacity of the tube
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mede a mimimum. Changing the tube VT-3 then does not upset the frequency calibra=-
tion. The output from VT-3 is cathode followed through VI<lL, A phase inversion
is obtained by means of the transformer in the cathode circuit. The trigger tube
VT=-5 is normelly biesed off through the transformer secondary. As soon as the
gate opens and the cseillator starts up the first half ¢ycle (which is positive)
end succeoeding positive half cycles drive VI-5 into grid current through the lk
series grid resistor provided to prevent excessive loading. In this way, the tube
VT=5 is switched whenever the sine wave crosses the axis with dE/dt a maximum and
positive, VT-5 drives the blocking oseillator VI=6 by pulling current through the
anode load of VT-5 and hence driving its grid positive producing regeneration.

The anode current plus grid current pulees {lowing through the cathode load produce
& voltage output of amplitude about 75 volts roughly triangular in shape and with
a width of O.] wsecs at the base.

Serewdriver controls for the grid time constant and grid bias of VI-6 are
located on top of the chaseis. If the grid time constant is too large the clircuit
may become unstable or fregquency divide; if the grid bias is too low the circuit
may start to oscillate freely at a frequency determined by the grid time constants.

Voltage regulated power supplies of {300 and =150 voltg are built on the
chassis and should be checked before R3 and R are adjusted to obtain pips at the

driver frequency of 500 ke,

FREQUENCY STABILITY OF CIRCUIT

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

steady state conditions and under normal ambient temperature conditiens the day %o

dey variations are lesa than O'ﬁ% over "'pgbiod of months the stabllity is good
to 1/2%. The pip spacing fc% 268 TYrET 48 BT two cycles mey not be exactly

-~ -



2,0,&8608 owing to transient effects but the shift is normally less than 0.1 psec.
In the same way the spacing of the last two or three pips is affected as the clamp

tube comes into operation and shorts the tuned circuit.

CALIBRATION OF PIPS

Where relative time measurements only are required all that is neceasary
is to tune the oscillator to 500 kc so that the pip spacing is exactly 2 usecs.
This may be done in a variety of ways one of which is to open the grid of (VI-l 2nd
half) and bias this tube to =150 volts. The Hartley oscillator then runs free and
a Lissajou figure can be formed with a frequency standard (e.g., crystal oscillator
et 500 kc) by taking the sine wave generated at the cathode of VI-4.

Where ebsolute time measu?ements are required relative to "zero time"
(pulse from primagord pulse generator) we have to attach a time label to each of
the pips, Tho calibretion is then a 1ittle more complicated and can best be ef=
fected by means of a circular sweep circuit,

For this purpose a crystal controlled Sickles Calibrator, Model 3, has
been modified to cperate at 130 k¢ and provide a sweep traversing the circle in 10
psecs. & centrel deflecting electrode on the CRO enables a radial deflection of
the sweep to ne made and the 100 ke is divided down to provide a trigger signal at
500 cycles so thet circuits may be triggered in synchronism vith the sweep, To
take up the small delay in the swesp circult trigger generator the Sickles Celibra-
tor trigger is fed through it to the Marker Generator which then develops trains of
pips at 50b cycles,

Then these pips are injected on the central deflecter electrode and the
tank ¢ircuit of VI-3 is corndgtﬁﬁ ?uné@’@?éy:ﬂgll into five sets of pips lying on

tap of each other on the cirealuy %Wbéﬁ‘éﬁﬁ nence 2 psecs apart, In this fashion
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tuning can be very acourately accomplished. In order to attach time labels to the
pipe the delay betweaen the time zerc pulse (trigger from Sickles calibrgtor) to the
first, eocond, third, eto., pip has to bes measured. This is achieved by employing
an intensifying gate on the ciroular sweep which brightens the trace for one (or
less) revolutions per cycle (i.e., for 10 psecs every Eoootxaece). Moreover this
gate may be delayed with respect to the trigger pulse up to 300 peecs by means of

e linear delay circuit. Thus, we can observe for 1C)F£oca starting at any time
within 300 psecs of the trigger signal. In this way the posiﬁion in time of each
of the pips can be oxamined separately and read off on the calibrated ecale. The
absolute time label attached to the pipe by this measurement is good to 4 0.05 psec

and thé pip froquency can be set to bstter than one part in a thousand.

POWER SUPPLY: Fig. 1k

This unit comprises conventional electronically regulated +300 v and

«150 v supplies with én unregulated 4,25 v being evailable.
| The positive supply is capable of a total ocutput of 200 ma, i.e., the sum
of the currents {rom the 4,25 v and 200 v Bupplies must not exceed this figure.

The negative supply is rated at 70 ma maximum ocutput. The positive and
nogative voltsge adjusiments are located on the front panel, together with test
points.

The help of Messrs. C.R. Lintoan, Gil Methis, Sgt. R. Lewry end Sgt. Val
Fiteh who btuilt and serviced many sets of the equipment described above, and help-
ful discussion with members of the Electronice Group and the many groups in the
H.E., Division who have used the oquipment in the field, are gratefully acknowledged.
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