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2. Four Chonnel Line Driver, Fig, 9, Dwg, 725

Three identical channels of this unit comprised pulse forming
circults, pulse amplifiers, pulse inverters and driver stages capable of .
mixiné positive wnd negutive signale and transﬁitting them over the twisted
pair lines to ths remote atations,

Two only 6f these chamnnels were used, one to send to N10,000
and the other to send information to the W10,000”station. The third
chanpel weas a stundeby,

The drawing shows oné)of these channels, Diseriminator éulsaa
put in at sockets 1,2, or 3 ure mixe%?vlp Voo Vg wﬁloh are normally cut
off, A positlve discriminutor imput pulse drives V; into grid current,
the input time constant determining the pulse duration (in this case about
1.5 milliseconds ). |

The wave appearing at the anode of V; is a negative reétnngular
wave of umplitude 175; which is used to cut off Vyo providing a positive
reclanzular pulse of 300 volts amplituae at its anode, This positive pulse
is applied %o the line at low impedance through :he cathode follower Vgo

Insertion of ths discriminator pulses in sockets 4, 5, 6 provides
simi rr negative pulses at the unodes of V4, Vgs and VG which are D.C,
coupled to the inverter V7 which is operating at Eg = o; The nejative
pulse appearing at the grid of Vp cuts it off completely providing a 200
volt positive pudse at the grid of Vg which is driven into grid ocurrent

and provides a nezative pulse of amplitude about 250 volts to the line,
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The twisted peir lines were not iterminated at the receiving ends
in order to tske advuntuge of the voltsge gain-at the end of & line termin;ted
in a resistonce large coupured with its characteristic impedence. These
lines therefore behaved as capacitative loads on the driver circuits;

At the receiving end, after trunsmission over 12 miles of twisted
pair, the peak amplitude of the pulse was about 110 volis rising in 1/2 as.
%ith circuits tripping et a 30-volt level and including the undetermined
transmission time on the line -- about 150 microseconds -- the tie-in
with the sending end was considersble better than 1/2 ms.

# The tourth chamm=l of the equi.ment provided té signals to mea . re
equipment in the sume shelter (810,000).

The output pulse from the ™ discrimirator was fed through a
cathode foll.wer V11 to fire a 2050 thyratron V12° The 250=volt fast
positive cathode pulse was supplied to the_detonator line driver and also
to.the pulse siretcher V15“ The lengthened pulse from Vs was supplied
to three cathode followers v14n 15° 16 in pargllel which provided the signai
to the various custqmers sver short lenzths of twisted pair, Grid current
limiting resistors were provided for V13 and Vl40

Vi7 18 a pair of cathode followers convenient as buffers for
feeding discriminator pulses to various poi.is.

VlB and v19 sre thyratron pulse sharpeners accepting & positive

input pulse and providing exceedingly fast 300 v output pulses at the cathodes.

3. Detopator Line friver, =, 6, Dwg. No, 514

This unit, loout?a;d'ét 3810::)'0{.}; aﬁ;@epts the local t  signal from
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the line driver unit end delivers a 1503 volt signal tc the coaxial firing
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firing line, The pulse has 2 rise time of less than 0.1 miorosecond and

an exponential teil falling to 1/e im 2 milliseconds. The six miles of
unterminated coaxinl cable provides a capacifative cathode load but the
anode storuge condenser is chosen to be large in comparison.to this so that
practically the rull voltaze is developed across the line.

Ths pulse at the receiving end ol the RGS4AT osble had o peak
amplitude of 720 volts and rose to peak in 5 microscconds i.e, is badly
distorted by the line. Since this wavefront is too slow it wmas sharpened
at the base of the tower and the resulting steep wove frount used as a time

| ]
datum.

The pregent 4C3% circuit is self=-yuenching and a neon indicator
enables an external check to be made of satisfactory firing and also that
the peak output pulse exceeds a certain level, The tube has & peculiar
characteristic in that, on {iring, the grid initlally leaps up to plate
potential before taking up a mean potential ia the plaswa. This, coupled
wiith the eievated cathode potentlal following on conduction, cauuses a stiong,

fagt positive pulse to be fed buck into the driving oireuilt whioh over=

drives the local to osathode Tollowers.

4, Gounter Chronograph, Mg, 7, Dvg. 719

210 circuit ombody=~

The ecirouit euploys a conventionaul scale-of-
ing the 68L7 uait.  The pulses fed io the sosling cirocult are shaped by the
dgisctiminator Vj and V5, which is set to "fire" om the positive slope of the
positivs slope cf the positive half cycle of the sine wave., I1f the grids
of V3 are switohed +o grouF% a:rigtaagu?gr:vsltage wave ia generated & the
plate of Vg wvery cycle aui.thégEﬁ@ﬂé,ié:jéd:ditectly to the scaler unit
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S1 which leeds Sps ates == SlO“ §1g ©an be employed to drive Vg which
operutes a mechanlicul counter, 7

A eounter is not generally used, however, since interpolation nn
Nis By o== NIO enobles &ll intervals up to 10O s to be measured directly.
Aith the grids of V; uncluwmped fromgound (switch open) the static zrid
voltage of Vs is such that the cathode of Vg elévatea the grid of V, by
a fow volis,

The negutive pulse apgearing at the anode of Vy per cycle of the
sine wyve looks into the low impedance of Vg and is therefore heivily
attenuated. The small positive pulse resulting af tha anode of Vz is then
fur bslow the level required to operzte, the lLirst scaler Sj. The circuit
is thus "¢l aped", |

For free running (calibraticn, sete,) the circuit can be une lamped
by olosing the switch and waintaining the ;jrids of Vz at ground potential,
Vs ic thus cutooff and the cizmul at the grid of V, is not affected by it,

BElectronic unclamping snd clanping are effected by menns of tube
V4 and Vgo

4 positive signal applied at input 1 causes the anode voltage
of V4 (1st half) to fall thereby cutting off Vs an& unclamping the dise
oriminator. Meanwhils the full in plate voltage of V, (15t half) end Vg
(1st half) triggers the univibrator Vg and the plate of V4 (st half) is
held down and hence the circuit is unclemped for a period depending on the

8,0 coupling oconstants of the univibrator. This period is chosen to be

e o L] L ] L ]
150 milligeconds i.e. groefer? than cnyl-infelval to be usasured. 4A.C.
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ooupling is used as a precaution ageinst the cirouit accidentally being
tripped into & wrong stable condition,

4 second (later) positiye signal applied at input 2 reclamps the
cirouit as followss = The tubes Vs (2nd half) and Vg (2nd half) conduct
and their plute voltages fall, Thevunivibrator is thus kioked besk into
its stable state, the plate voltage of V4 and Vs (lst halves) rise and
V3 is again brought into conduotion to reclump the discriminator V3 and Vp,

Recelving-End Equipnent

General

A code of positive and nezative pulses appears at the receiving
end of the lines, Usuanlly & switching action is required on one only of
these pulses. The method of approach is therefore to count the pulses of
one slgn and arrange for clrcuit operution on the appropriate count,

The completely general circuit would be gble, by prearrangement,
to initiate on any of the lst, 2nd,; 3rd =<=e positive pulses or lst, 2nd,
3rd =<e= nogative pulses, This would imeke the system completely flexibl:.

The counting can be nchieved most readily by meens of conventional
sonle=0f<two circuite and an inverter mukes positive and negative pulse
acceptable, Switching is usually effected by mesns of & thyratron.

In the present case, since the operations to be performed were
fixed and kuown in advance 1t wes unnecessary to make the ciroults completely

flexible and thus much time was saved and more compaot units achieved,

In what follows, however, the general principles of a flexible scheme are

illustrated., .': 'E“ E @’ ;" E':
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l. DBuusch and Lomb Clutch Driver, iig. 8, Dwz. 645

The circult is arranged to apply a.c. power to a re”.y which’
throws in a wechanical elutch at a lime related within * 1/2 ms with to;
Closure of the clutch ceuscs thg velocity of the rilm flow through the
spectroscope-to -be -reduced according to a<%:iaw thereby providing correct
expogurs throushout the light flash, (See LAYS Report by Julian Mack),

The circuit has two functions according to the posilion of the
‘switches S1 and 52,

)

Switch Position 1

The Tirst positive inpui sulse drives the gfid of Vg positive
through the cathode follower Vis Vg "ires thoreby closing the contacte
of the relay (&dvence 204 Al or BW) in its anode circuit. One contact of
this relay oompletes the clutch power ci}cuit but is insufficlent to carry
the ste.dy surrent, The olher contact is therefore uéed to spply a.0. to
the coil of the Dunco IXBX relay. On closure this tukes over the duky
of earrying the current (one pole) and neenwhile the other contact is
Vused to perpetuate current low in 1ts coil thereby maintaining it closed.
Yeenwhile the 204ANM relay opens when VG extinguishgs;

The circult is reset l.s. the IKBX relay opened by applying a

short ecircuit across the "Relay Reset" termim.ls thereby opening the

normally closed Dunco CRIX or IXX relay momentarily,
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Switch Position 2

In this position the lirst laput positive pulse is cathode
followed through Vi inverted by Vp and used to drive a single 6SN7 scaler
stage (7ige 9 “wg. 247). The negntive pulse developed at the anode (pin 3)
applied through the cathode follower V. is ineftoctive in firing Vé;
However, on rececipt of the second positive inmput pulse the rise of plate
potentiul at pin 3 provides a positive pulse delivered through Vg which
fires Vgo

Thus the circult operstes on the second positive pulss, Before
use the s¢aler unii has to bs "reset" in order that it shall not aoccept
the first positive pulse. This is achieved by snllowing the point p8 to
rise positively by opening the "reset" switch,

Indication of the unit being in its correct squilibrium position
is given when the neon buldb comnected from pin 3 to B + through \rqfhis
extinguished, |

The time delay between the receipt of the firing pulse and the
closure of the clutch circult was checked using the counter chronogreph
and)after menipulation of the 204 BM relay,was reduced to 1.5 milliseconds.

Reproducibility of this delay wa: te T 1/16 millisecond and well
within the reguirements. 7

The three circuits (one N10%, one W10% end the spare) were trimmed
up to be identical and these delays were added in ag constants in setting

the disariminator circuit,
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2) Hilgor Solenoid Operator, Fig. 10, Dug, 619

This circuit has to rejeot positive pulses and mccept the first
negative pulse,

.Vl is u diode comneoted to the grid of Vo which is a straight
amplifier. The cathode of Vi is biassed to +;12 volts to prevent the
negative "tnil" of a posibive pulse from feeding trough, The amplitude
of such tails is kept low by naintaininb the input time constant st a
velue large conpared with pulse durpution,

Capacity feed through V3 is nezliglble since the input capacity
of Vo, ig large due to the Miller efiect. Receipt of u negative pulse at the
input drives the grid of V, negative producing & positive pulse at its
enode and hence at the grid of V,, when fired V5 discharges 40?/& into
the solenoid ojerating the shutter plunger (which is an inductive load in
the cathode eclrcult) theﬁby providing fast operation. By allowing the
plunger to close an elestrieal olrcuit the delay and consistency of operation
where examined using the counter chronograph and were found t; be 1 ms * 1/16 ms .
Pezk current limiting resistors were included in the plate ecircuit
of V5 which was selfl guenching.

3) Marley Camera Shutter Release, /ig. 11, Dwg., 641

These circults to be located at 7800 and NBOO hud to be powered by
batieries since no A.C, wué availuble and therefore had tc bs remotely
controlled by relays, ifinimax batteries are used for B + (applied at =
1 min) and storage batteries for onthode ] sating (applied at <XGmin),

The circuit fireg qa the tirst ppsitlve pulse and is self eox-
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4) Galvo Step Wave Timer, 7iz. 12, Dwz. 616
’ i

~In general at ¥10,000 the whple of the pulse seyuene. was put

onto one recording chanael of the leiland liechanlesl Oseillographs and
hence all records were rclated with rospect to the firing pulsse,

At 510,000 thg t; siznal alone wus supplied to all recorders to
provide % time [iducial,

?In one case &t N1O,000 a step wave was required on the record
in known time relation to thg t; sigoal,

The circult of Dwg. 616 was built to provide this service, The
first ;ositive signal arriving st ¥10,000 fired the 2050 th-vsby closing
the reluy in the plate ecircuit which connected a 1 1/2v, cell in seriss
with resistence mcross one galvanometer of the Heiland resorder. A step
deflection was produced, The delsy in closure of the relasy wus ensured
ond hence the time relation of the step wave with respect to té could
be siven to * 1/2 na.,

5) Buifer Pulse Unit, iz 12, Dug. 649

Az discussed carlier the firing pulse arriving at the towar on
the 54AU cable had an amplitude of 600 volts and rise time of 6 microseconds,
The purpose of the present unit is to sharpen thls wave lront.

The 1ncoalng sizmal is used to [ire the 4C35 thyratron providing
a 700 volt pulse at its cothode, This pulue rises in considerubly less
than 0.1 microsecond and is supplied over 100 ft, of cable to the Electrio
Detonator (so=called "Raytheon") unit on top of the tower which fires the
bomb, & fraction (1/20) of the same positive pulse is carried over 1000 ft.

,'V. .. . .o. o-- o.

of RG U cableo{ v= = £ f ) tavm1hatﬁd dors cc€1~ in the K1000 shelterQ This
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pulserwas used to intongify the measuring scopes, start swecps, oetc,
Since tho delay in the detonator set, HoE. train, coaxial cables, cto,,
were known this pulge had a time relation kmown with respect to the nuclear
explosion.

The 4C35 in this unit was colf-guenching und ull m.c, supplies
were 400 cycle from a generutor opersted al the basc of the tower, The
1lament supply was turned on remotely at -~10 wminuteos and the a,0, te the
B 4+ transforuer at <%0 soes to allow 60 secs, henting time for the 504
rectifier,

6) Timec Fiducicl, pig. 14, Dwz, 624

This unit, located at N10DD; movepted the fast positive pulse
from the Buffer pulse unit and supplied it through the cathode follower
Vl to (1i e the thyratron V,. The 300 volt pulse appearing at thé sathode
of Vz wrs utilised Lo start sweep clrcuits mearwhile a fraction of the came
pulse, deluyed 1 microseocond in the delay line #2647, wus applied to the
y = axis delflector system of the C.ll.0. to provide a time diduciul,

Vi and Vg utilise the termination of the delay lins as a coamon
cathode lond and allow four further signals to be nixed together and prés
gented on the y ~ axis deflector system of the scope. To prevent reflec=
tion of these siznals from the input of the delay line the input, as well
as output, is londed with a resistance ogqual to the characteristic lmpedance

of the line,
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o a) B &1 Spectroscope
N10* b) Hilger Speciroscope
c) to signal to all

medsurement gear.

1
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3 N1000 2002 Expts too.

1-H nsoo
Marley camera.

@ Gadget “Zero”
Firing unit, Detonator Set.
a) BE& L Spectroscop
b) Hilger Spectroscope
¢) Photo cell camers
d) to signal to all
measuring equipment.
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