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The present report discusses the design and performarnce of the
glectronic equipment which was used at Triﬁity on July 26th to provide time
signals during the last 100 milliséoonds to an acouracy of *1/2 ms, to fire
the gadget aud to provide certaln siznals rslated to the Pirinz siznal with

an accuracy better than 0,1 microseconds,
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Problem ‘

In ordér to coordinate the functions of the comernus, spectroscopes,
electronic wescuring jear, etc., set up in the coﬁntrysfﬂw arnund the test
bomb at Trinity a maester timing system wus rcq;ired. Since observers were
not sllowed to be nesrer to the gadzet than the €-mile shelters s10%, w10t and
no? (Figol) remole control of most field equipment was necessary and timing
signals between the 3 main shelters were essential,

The funotions reguired of a master timing system fall into 3 main

catezories.

1} Switching reguired in the period up te 60seconds before the event.

For exumple, turning on -eaters of electronic oquipment in the

field, eto,

Such functions oan be carried out satisfmetor’ly by msnual switching

at the control station,

2) Switching required in the last 60 seconds which does not require

time accuracy better than *+ 90 milliseconds. Exsmples are application

of Bt to field equipment, comera shutter excitation, ete,

Such switching can be rendily achieved mechanicslly by means o} a

rc%ating drum system,

3} Operations reguired in the last 100 milliseconds with acouracies

of * 1/2 wmilliseconds or better, The equipment requiring suoch

gervice will be dsscribed fully later und the present report dis-

eusses the desiznm and per“ormance of the elxtronic circuits buils

to meet the requvr@pentsn hMWSIHEB
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The equipment Ior 1 and 2 mbove was designed and built by

8. Marlowe and J. L, leKibben and is described clsewhere. The equipment

under 3 is the subject of this report,

Blectromic lsthod Used for Tiaing in the Interval (tg - 0.1) seo to to

The block diagrem of Fig, 2 indiocates the elements orf the method,

4 lonz sawbooth, im:tiated by a relay closure at (t, = 1) seo
from McKibben's Drum System, rising linesrly to 200 volts in 100 milliseconds,
together with a second sawtooth of five times the slope started at (tQ = 20)
m secs and rising linearly to 200 volts“by ty are the essentials.
‘ A.system of discriminatﬁrs arrenged to fire at preselected points

1} .
on either the fast or slow sawtooth then allow pulses to be generated at any

time within the given 100 m sec intorval, The signals derived from the
discriminator pulses were shaped and could he made to put either positive o
nezative ziznals onto the lines by wueans of the Mixer Line'Dr1VGr9
A oods of positive and negotive sijnals could thus be tranamifted

over the lines to N10,000 or W1l0,000, The band-pass chargoteristics of these
lines in order to jive rise times at the receiving end of 1/2 ms or so will
be seen to be about 2.3 KC, Standard Army-Navy twisted pair telephone line

fulfil the requirement and was used to couvey the aijnals a little over 12
miles to N10,000 (a biz loop sround the gadgét was necessary ) and some 8 miles

to W10,000 (Fig. 1)

The local ¢ wijwn.l roguired sccurately for equipment in the S10,000
shddter wns tied in with the firing pulse to btetter tham 1 1/2 microsecondss
To carry the fast firine sdpmncl Promy«$i4p 000 to the gadget a line of muoh

° L 4 L L L LI ]

sreaster band-pass wns cssordiade chd H.allks of RG54A0
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Even then experiment showed that the rise time at the rec? ng end

was grecter than 5 microseconds wpd to eliminate difficulties from the aslow
wave front, this pulse was sharpened at the gndget and the high-accurscy tim-
ing reanired for the Wilson and Rossi experiments was made with respect to
this exceedingly steep wave=front,

Yeasurcment of Time Intervals

In order to calibrate the sqwetooth genorators und the over-=all
sguipment a time weasuring system w.s reguired, A seale of 210 (1054) was
provided for this purpose. Normelly it wes set up to "count" the cycles of a
16KC gine winve derived Irom a Hewlitt-Packard RC oscillator t;éeg 2000,

This osclllator was found to be very stable after a warp-up period'but We.s
adjusted Lo the exact freguency whenever necessary by scaliug the 16KC down
to 2KC and using this 2KC wave to form a Lissajou fijgure with a standard

1KC freguency from an electriczlly maintuined tuning forks A stationsry pat-
tern on the CRO indieated exunct tuning to 16KC.

In order tn measure tims intervals the scaler unit was converted to .
o Counter Chronograph by the addition of & “gate" cirouit., That is, the 16KC
sine wave ves applied to the scaler through an glectronic ;ircuit which,
normslly, prevented its passaze. However, om receipt of a positive siznal
(the beginning of the interval of be timed) the circuit is "opensd" &nd the
gealer cosmiences to count the cyolss of the 16KC sine wave,

A second siznal applied to the oircuit, st the end of the interval
to be timed, "closes™ the gote and provents the sine wave from reaching the
sealare. The scaler, therefore, cowits the number of cycles bracketed by the

two sisnals and henee previlled 2 meadurdmgat of the inigrval between thenm
« 4 PX . oo B n

to 1 cycle or 1/16 'm]‘..l:!sc(,.md see oo
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Thus measurenents of all zismule "neluding the (g - 0.1) sesc with
respect to the T, siznal could be accomplished,

tautement of Requirements

a, Slow timing, i.¢. acduracy *+ 1/2 milliseconds
' Moy 6%h requirements 100-ton test

MACK
. Tiwe and Tolernnce
Place Instrument Milliseconds
v act ]
W lg“' B L Speotroscope -97 +1
Yo -
% 1¢ Hiljer Spectroscope -16.8 + 1
HOUGHTOH s=COON
Time Required
N 10% :
. \ Jsophone Recorders to * 1 millisecond
s 1c~ '
WALKER
TS T T ' TSignnl rolated Eo
, ’ Piezo sauges ‘
§ 10° i €; + 1 millisecond
' L
BARSCHALL
N 1of Sound Signal related %o
Velocity leasurement
s 10t ~ " % ¥ 1 millisecond
"0 608 080 o000 oo ..E;‘}
A A LI .lgf\"mﬁgsmu
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= 97 * 1 milliseconds
= 16.8 + 1 willisecconds
to * 1 milliseconds
and for the 100-ton test were coded onto tho lines as indieated in Fig,

Foxr the July 16th test Mack®s requested reguiremonts chonzed to; =

Flace Instrument M{1lissconds
716

;} 1t B w1 Spectroscope t, + 1

N 10:‘ :

}: i‘g,, Hilzer Spectroscops - 16,8 + 1/2
3 ggg Yarley Camera . -40+1
W1t Photocell Drum Camera - 40 _L &

A coding as indicated in ¥Fig. was therefore chosen and the receiving
end equipment desiined to decode this pulse series,
Before the fimal experiments these requiremsents were amedded., The

Morley Comera Expt, was abandoned and the B L Spectroscope was moved forward

B8; =
Place Instrument Milliseconds
N 1f B4 L Spectroscope - 40+ 1
N 1 U -

— ¥ 1 Photoeell Drum Camera lf%ﬂf.ﬁgﬁﬂgn'

e > ca )
R N , |
N 1 xtus ode Zay vhe See So° 18 ,
. W 1k Hilder” ¥péctrdécole = 16,8 + 3
AR A "9 S9e @ o000 ¢ ¢ o -
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Thus the same coding could be used bul smother doocodiny system was
required,

6) Tast Timing, i.e. Accwraoy + 0.1 microsecond

for the WilsoneRossi Exgerimen.s a pulse rising 300 volts in less
than 0,1 microsecond and exnotly relanted in time with respect to tﬁe firing
pulse supplied to the gadget to * 0.1 microsecond was required. Such a pulse
wis derived from the pulse sharpening cireuit at the tower snd was supplied
over 1000 yds. of RGOU coaxial cable from the tower to the N 1000 revetment.
This oable was correctly wotched at the receiving end so that its input
ilmpedance was purely resistdve and provided a suitable load for the pulseo

sharpening ecirecuit,

ZHDING END EQUIPMENT

1. Sawtooth Generators and Discrininatorse Fig. 4, Dwz. 724,

A relay closure sifocted by Lhe Rotating Drum system at

(to = 0.l) sec applied oom.f. to the rel.y coil exerjizlog Sp and Sg.

Closure of S throws the B‘AjaondenSer charged to ~150v in series

with the 4 ,Jcondenser in the srid circuit of V1. A transient pulse of
-100v is applied to the grid of V1 cutting off this tube. The transient
condition finally zives way to the steady stete valve of grid volimge of
=76y deternined by resistors, As goon as V, ceases to conduct its plate po

tentlal, which had been caught at +10 volts by the diode Viss leaps to a
value equal to the product oi the current in Vy; before sut off and the 25K
resistor in the C.H. coupling to ground -- i.e. a voltage step of 10 volts.

Thereafter tirg plate Vﬁ?t#gﬁ;df Vy rises linearly through the

UKGLASSIIEY

standard "boot strap" hwed&a&k-c%%céit:iﬁdluding Vs
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The slope of the linear sawtooth appearing at the cathode of
V3 can be varied by adjusting the variable 70K in the plate of Vl; The
sawlooth at the cathode of Vz is appliedrdirectly to the grid of V4 which
in conjunction with Vg comprises an a.c, coupled disoriminator clrecuit,

The grid potential of Vg o0an be variced betwoen somovlo -= 160
volts by means of a linear wire around G.R. 100 K;mﬁog;io:ptvvs. Suppose
it is set at + 100v, then Vg will be conducting end its cathode will be at
soue 105v (say).

Since the grid of V, i8 connocted to the cathoda of Vz which in the
static condition is at sibout 20v  ground it follows that V4 is out off. wWhen
the sawtooth rises the zrid of V4 begins to carry current thereby applying a
negatlve pulse to the grid of V5. Cathode regeneration then provides a rapid -
changzs over of current from V5 to V4o The sawtooth is not distorted bscause
the czthode of Vg «continues to follow up and zrid ourrent is not drawn. The
positive voltage rise at the plate of V5 15 used as the output siznal. The
amplitude of thls wave decresses the higher the zrid voltage of Vs but the
circuit constants arse chosen for its minimum value to be suf7icient.,

A constant output pulse can be obtained from this cirouit by
replacing thcvlﬁoK cathede load by a constant current device -« pentode or
suturated diods but this was not deemed worth the extra complicaiion.

The time at which tharpulsa ls generated at the plate of V2 15 re-

luted to the olosure of Sl sccording to the pocition of the G.R. pot and a

0-100 soale on this Spot can be calibrated to read milliseconds directly by

. L LN N ..C ... ..
L . . .

adjusting the bLf)‘DE (70K plate cirouit ol Vl) and ZERO contr%ﬁlAss’ﬂF@

Vi1s Vizs V'_L;5 gﬁd Jj4 Ard ex?yxly similar discriminator circuits
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oxcept that in these cases the slope und zero qdjustmcnts are both
localed on the potentimeter chain. |

In praciive the discriminator v, snd V5 is used to initiate a
second sawtooth 80 milliseconds afier the closure of $;. The negative
sole at the snede of V4 culs off V, which together with Vg and V; form a
fust sawboolh generator ideu#ic&l in principle with the slow one. Io maintain
V, permanently cutl off the 4.C. coupling from the plate of V, 1s lnsufficient
and the input relay swltches 52 from position 1 to 2 whlich, through the
diode V17n eventually holds the zrid of V7 at «70v RE ground.

The sawtooth rises 190 volis in some 20 milliseconds and by meansa
of the slope and zero setiings Lhe potentiomeler of the discriminater Vg,
Vige 18 calibratod to read 0-20 milliseconds directly.

The positive pulse generated at the anocde of Vlo is used as the
t, signal and oceurs exsctly 1J0 m secs nfter 5; closes.

The second sewiooth wos considered necessary to improve
the accuracy of timing near to to ~ the steeper sawtooth providing providing
improved firing of clreuits driven from it. Normally, the discriminators
V31, V32 were oporated from the slow sawtooth i.e. in the ianterval (t, < 0.1)
seos to (tp = 20) millisecs and Vi3, Vi4 operated from the fast sawbooth
to provide siznals in the range (to » 20) ms to t,. P .vigion is wmade to
switch disceriminators Vlz and V15 to either the slow or fast sawtooth channels,

The unit thus ellows pulses to be generated ln the 100 ms perlod before t°,

each pulse being phasable with respect to the to pulses EHGLASSIFIEH
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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,

APPROVED FOR BUBLI C RELEASE
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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 a line terminated
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 ;mplitude of the pulse was ubout 110 volts 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 followsrs V14g 152 16 10 pargllel which p?ovided the signai
to the various customers uver short lengths 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.

V18 and v19 sre thyratron pulse sharpeners accepting & positive

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

3. Detonnkor Line friver, Me, 6, Dwg. Noo, 614

This unit, loout?a;d'ét 3810::)'0{.}; aﬁ;@epts the local t  signal from

the line driver unit and delivers a 1533 volt signal tc the coax?al firing

1200
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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 oathode rollowsr§¢

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 negative pulse apgearing at the anode of Vl 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.

- - -

rirew
yilee

aene

T
- n
- LEE ] L]

APPROVED EOR PUBLI C RELEASE

AN X |




APPROVED FOR PUBLI C RELEASE

a & s

) —r
Y S

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':

- ame ~ -~
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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
potentiu; at pin 3 provides 4 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 Nl0,00d the whple of the pulse seguene. 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 tinme ?clation of the step wave with respect to té could
be siven to * 1/2 na.,

5) Buifer Pulse Unit, Fiz. 12, Dwz, 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.

I’v. o- o oo. o-- g.
of RG U cableo( v = £ f ) tavm1hatﬁd dors cc€1~ in the K1000 shelterQ This
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pulse was used to intonsify the meusuring scopes, start swecps, etc,
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,

L] LA J - eos 9O LA J
" e - - - [ ] . @
o - . - L] [ ]
L d . [ L) o L) ® ©
. - Ld L] LI
»® S0 Sse So® esS -

aa ess L] e® o o L

- o - 5 = e @

a ~ n ~nw - .
- - ~ -

- A -~ = -~ -

- ana -

APPROVED FOR PUBLI C RELEASE



LA-Y438

APPROVED FOR PUBLI C RELEASE

- = - - w w®

) a) B &1 Spectroscope
N10* b) Hilger Speciroscope
c) to signal to all

medsurement gear.
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Marley camera.

@ Gadget “Zero”

Firing unit, Detonator Set.
a) BE& L Spectroscop
b) Hilger Spectroscope
¢) Photo cell camers
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measuring equipment.

W 800
Marley
cdamerd

APPROVED FOR PUBLI C RELEASE



LA-9458

APPROVED FOR PUBLI C RELEASE
FISURE. 3 1%

- s f fn :. —o‘é P_‘_AI_Q_-_']__Z__S_’_
o | 1 to N 10,000~
Input From , | Saw Tooth | >—H Pulse Former|,
M<Kibben Generators 7 IDiscriminagtors| !l and Mixer |!
at " '] Line Driven ' to W 10,000 —+
> A > N
(to-.D sec. i !
i t
DY S
! Local p——— Equipment in
: to | 510,000 shutter
SENDING END I A
LAYOUT
Def&n:;‘or Coaxial Firmy
Driver Line to Zero
FIGURE 2 Dwg bi4
Lissajou
Fipure
Chronograph 2K Cal
Packard > and — I KL Fork
EKC  0SC Gat Vertical Hor.
are Plates Plates
Type 200C Frequency
Standard
Start Stop
Pulse Pulse
CALIBRATION p
CIRCUITS

s

APPROVED FOR PUBLI C RELEASE



APPROVED FOR

21 7iE tmp o

Y

|
I
+ wvvx——\/\lrvv <4

[
H !
g | N
r | PR
) ' wa
: 1
3 o0 |
4
E
3 ]
3 INFPC T SIGA~L ! % :
d TP0M M EE wor
i
) HEllEour

Y VU

C
By

1y | OESKAED OYE W T/T TERTGR, SMor 1

[ av 55 | T /07 4]

’ ‘1 - ’ T LR T oo nron
FOR PUBLI C RELEASE 724 % el
_ 'hiﬂtﬂi

et Dntgen Go.. ., Pirw Tk W ¥

APPROVED

| T o e i . P N - —— — e e m

e i L et I




APPRO\/ED FOR PUBLI C RELEASE

s

i

fiort- 2

A R |

e

CHALNMEL Y
e e ,,g S . e - - ' B dhl e PR

|
|
|
3
e
T

P Vs :£ L
iI—J.}"‘“?'” ) ; OUTFUT T LIE™
1 Py T QS {TWISTES FAIR
| - Y ST |
e it 3 i 1 7
et e
1 SR
{ i i _J_
T
4
i | [ I
i i
3 i | i
: 3 ! ! [
! | S 350K 100K %5;1‘—5 100k I
il
i : li
CHANNELS &8 3 ARE wcm'm WITH ) SN ARE NOT SHGN HERE H
k : NOUTFUT TO DETONATIR o 16 SPIER" @'6477-9.1:' FOLLOWER @ AL
A HPUTS”
- < a8 E
Vis 2050 5 55T Ve N T e [ vresw7 ! ".;;
ey 4300y ’ :
oy H Cat 'R
l : I i ] ‘ )
j " 000
UTPUT j :
P o
INSCT FROM e O
7o () AR g s
P
1046 i——f
T §ﬂ¥
: 74 14
; SHARFEMERS CRAN N EL 4. LICAL To SIGHALS
i
i
{
|
| Fo. 5
v .
4»1 .
: T Descued SN TITTERTIH e G.) 9
, 7 : owwa 1Y M5 lb‘s O
o ' ' : ’ ' i e T ommt S S S ;ﬁ—é-' nnt )
APPROVED FOR PUBLI C RELEASE Lo7i5 | L L SRIVER
YE o Pt O, b, Yew Yok W T




N | .':"LO’
N
N PUT
. X
e 9
-{A) N

APPROVED FOR PUBLI C RELEASE

j——

A T S
| . /mp

T

o0 v
ALY S
P lF+G

SO0 A - /47

EACH
LM
2w

Al

2uf

285KV

: J

= S 2 EAV

SeKE

o v

z‘é' W ANEQA
OUTARUT ONTC

a4

-

€

T

; FOR PUBLI C RELEASE

S L CABLE
APPROVE

| DESIGURD BY T/ TTER7TON

L ORLWN BY AAOL

SINH N A4
LTINS

Oy



APPROVED FOR PUBLI C REL

. I W | TS Wy e e S AE
] b i ; i
v ] | H Wi Pl ] ;‘ i e
i il . .
! ' | i S
i “ i
. i
i | » J3O ¥
. . — iy
i
. o
>
1 '
| 2
it
l 2.5/ J
T
:
%5@
A SRSV l - ‘ g
A P
| " Sow P R R iae Al e . CLAMF L oos T"”’
. . .
| \' £
: ‘u N vpur NPT
i 4 N
=l
t +300C ¥
. BEME S 171 - — 1
- - wow o L
I 1 . A, A2 J L) -0
i ; P ouTpuT -
h | 1 To MECH. |
" COUNTER o
o 1005 :
3
: Y e e _— R
Sa /0 BF THESE
L o §5CF SCALER UNTS ]
I = 8uf I
: 20§
PESE T
ACRM 4 -
LLOSED
: L
NECH HSICATIA BRTTERN
A
w & 7 I
c o oo .
! - -
e I
AR E gl DL o
iz -20 |
;
ey
APPROVED FOR PUBLI C RELEASE ‘, 719

r==
T e Y o T




APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

APPRO\/ED FOR PUBLI C RELEASE

" ,7_1' .
/4/%/‘//%‘-~'< .

> Lasal T S ; S e 2w
K ) y : . [
DI ) ' ) y i . see
’ T ))) ) y ! *Lt s
R IR I »
- . [ L]
i

? /

/00K~ 5

-

T~/7FST .,

;‘f

[

2

S ! ‘
& 3v-/A4
——me

70 6\//\// SCALER

T8-/fo’§/v6 SOCKET IR
l/ 4 '

M2

Fugen Distsgen Co., Inc., New York

APPROVED FCR PUBLI

ol RTEL EASE

_-*——
[ .

T r e 20
o
Al

i

52 {

LTS T '
B A Q

- 7 S
DENCO CFTAS

ORTX HX ™S X

AR A PO EFN g

AV N e it e e e e i e s

AAAY RESET BT | % T

VIl v’z/f_[:m

Ly e
SRS o
L |

? i o \//“—I . l g _l o -

N T s (;:u“w

DOUNCQ

| LT 2 e

ADVSNCE 204 AM

CN 2048M
" Ve

L AG-D7
B

\‘NL S m———

k.\

-z

APPROVED FOR ;PUBLI C RELEASE

J(éil\k«-ra CLdTCH” - |
) i ;
. o ] ¥
F g : ;
' i I
! ;
| i
Y 1
n
i
i» _
. i § .:l)
1 /
i
- - P - St . g Ol 1+ e = e - f

DEAWING NO., |

>
>
y

LETIG Y 7’/7 TK/PTO/V P orous G-..;

ey e A.;m. —— _]

(‘(AWi é‘.’t,‘;/'-’ [Lr;[é/zz-fj

e e e s e o — e
() ’ ! -

- 7
*_l BAUSCH AND LOMB;
’ S CLUTCH DRIVER]
'APPROVED FOR PUBL| C RELEASE

~
iy, . - L - . N -
i ) - . I - -

[ ]



z

VL /44

CALER ONIT CVRCOVT

M,

i
]

G424

Y

<

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE

&
, %
5 BN
Y )
. Vo)
o) [ |
- /m@ z M ;
. |.._V.7_ _ ~d { ) L~
K M K i ,\/\/\.\/...\/\,_L _
[Ty} TR} i 2 1
) T o
b NNIMA
b 1 P/
| i i
| R
e ANA e €N _
b v ! PE
; r\LW ! . o _
_ i o '
IR I ¢
+| « L olo
J ) i Lo i
 Pel )
w 1\, T H T _
O O
“ (0% R sy
| m |
; i A B B
| NS
m R
| m b
j o
- i
e
@:1!.13,!. R W
ok
L]
e TR L sy R TR P IR o o e
FS o ReR ase

e s
s - -
caa aa
a a
= < & a

[V



APPROVED FOR PUBLI C RELEASE

W (=Y 24 o

ot

s

T

s ettt Pl

ﬁ 0000
: N N
5 hY

X X

/CJ" \5’(; 0‘2

m

S

3

84.- &4 "

Sl

o] SvEF-2

A

7S P AW T

FTFEU T2 /TE WS
‘>>\/>>\/>>\</>\<,,>\.,\</\<</><z.>\><(/>>>>\<ﬂ(/>>\(1

T‘ii: S -i.ui.-.uLw

i

ADSE - D7

A AAAAAN

F——AASAAAAA———

ARSE - 47 _

AOETT AOTH A O L P ety ~

>

i N

s s
+

S

TSy T
— T LD

\w\\‘ﬂ\ i
- - !

~
- r o~
S == >

e

b -~ PN AL
g P (w4

T g

YV V VY VU DR ——

w19
1
o | N :
vy :
.m.m Mc.w : !
Do ;
pnm : m ¢ i :
NS S |
N
R/. w Ly
LN 1 ¢
NP PR
R
| N LR | H
NURE Ty
- : ﬁ .K b
BER oy
S ) DS
“ 1 | iy ot
g ox 10 N Q _
or ooy X
S
! - §
|- oy
o
oron o, ik
R
pioo

EASE "o

T

! L ;

; o w

_. O}

o~ B

ER-A
) - / Dl

APPROVED F



APPROVED FOR PUBLI C RELEASE

§-
XTI

]

e e NN, T AN e

ﬁ

_, - 4_& :
| .|7‘j__39V"‘T537m o e
! CEA-L
M

TN

Lo o FA_H
N EN-Z

)
B % % ‘4704;-/

{1 tp—

e

B N

S 675V
BA’S

ecs E I 3 O o

9775 g: |

TES 3 o ats A
fi OUTPUT*SHUTT’V N~ S MIN

Lo

e . APPROVED--FOR-PUBLY-G-RELEASE - = =

70 6Y
I GAT




APPROVED FOR PUBLI C RELEASE

Pt Wi

DS PN
NS S \ ,a
\ J/
!

#—J}:‘JO

A v
S\QL.M\.,\ /"M EZ M

» .
A 7
Ea|
A ST T L S N x
_— N OV LIT YSTCT , D : N
N S > h
3 S—=-1 3
N e AAAAAAAA L S |
| Y ¢4 N ” -
NI A AL S
9 . «, Me\. o/ @
Sy N A & U BT SYS
] ./ i :L [t A -
_ NM 2
5
w - S
Ry .
- w,w.w ,0
N
.ﬂ . ?v .
O_Iz
b
_ R
008090008008 3
Bdﬁ#@) o N
: \
“M . o= = w m.\r.l ams ==
: RN S
o S-n | e T EELIICIEE
w‘ ) - - _ - - - -

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

’ /” '5. 6‘ b; x’ /,l(// "’7" / //— Z

¢ ? VAYAAAN &
é %L’ { YHPUT ON FIRING
R — ey AW  riopy | 7 LINE FROM §/07
ov— (= gl v BEl g i C AMFH.B30-C
_Z = E | ‘ J_/* T L

o \ —

T O/ T

= | o ,
AN S O ;
| | I e ‘
| | :
(N 1] [ e ’ ‘_—_MH T -‘ - :
ST = 5
w»l: lilunm: /j:;:j )/ ' ’ ‘ '
B /A = || G ‘ .<
::_;/"/g; AN iz | (}\ @, . @ OUTPUT ON 500
el N . y — _/ CABLE TERMINATED |
.../,.9’“ . OUTRPUT IN SO OHMS AT 4//000 ‘,
Ly AMFH. BO-C |
TO RARYTHEON U/\//7' ONTOR OF TOW E/? .
S50 e OEERAT I ONLY :
— ~ i
Fig 13 B
e e e i et 2 e e n - 4 : :
§ | DESIGNED BYT/TTERTON | GROUP (5- A
!  Jp— -
_ DRAWN BY L/ 5 | DATES 25/45]
Pameans o e -.fi;_‘_;__*_,__, TLE T
!. T -—-“‘ ) - o ! - J— ; I
e I BUFFER PULSE UNIT
ASRRO e ;.’,Bbhe_ﬁa‘m PE T —

Eugene Divtzgen Co, Ire  Res Yok, NOY R

¢



APPROVED FOR PUBLI C RELEASE APPROVED FOR PUBLI C RELEASE APPROVED FOR PUBLI C RELEASE

| e . : - : M .
—— - N e —— Bant,

L

;257 SZ4 Cogi LSNT 2050 ESN 7 GSN7

e
-

-/ |
e i --‘,_......*..__A..,NV"\."\N\,L_....‘%

SUROU U U |

}

INACT
RS
__# RN
]
e A
L 4
~+
<o
3
N
I o --_.__*

i
ll._..., i
|

<
[
]

s il -

‘ j-’ : - ! ﬂ;- ‘““:_"*_ﬂ__ "' v-‘...r....._.;_.—_v——.
! i

1

1

]

'

!

/12 i __ - AN
|
|
}
§

.
N Lo |
Y
| - . . ' ¢ 8
1K e + S SO S S .

- =~k qur-ss0p 1

i D< Q@ . i i i ]

= e | S22

SR ||| - | ? N % D. $ LINE |
3 !

OUTRUT

I
!
|
: (’ 4
! S
!
!
4
H

: OLf | or |

e B | @561 3/04@-‘1%‘

[ 10K - Z
‘— AP AN
i
i /

i~

| —e e
) SO~ S

I s ———{ D56 3 _j

| /(74‘;1.‘ ?
b A A AL AN T T

-
|
|
£y

1\4 °>¥~‘ T

Pl

F' 9 ‘ 4' e .’/‘y:i:';i"/iz STAART ALL CONNECTORS ARE AMFH. 80-C

i —]1 DESIGWED BY.L. 5 T/ TTZRTON rﬁaour G4

— — ,
P | DRAWN BY /4757 i DATE® (8 /45

§ DR G RO o -~ vz

TIHME ARSI HR PUBLI C EFL‘EFSIé

. , ¢
iz l ~
APPLCNED FOR PUBLI C RELEASE - ‘ z APPROVED FOR PUBLI C RELEASE ‘L éz_ 4/
l . !




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

-
-
-
~

1

(H

Wi

|
i 4

(')

Wcmﬁiﬁéﬁ's;&; FORP50|§3|_| C RELEASE



APPROVED FOR PUBLI C RELEASE

SpeciAL RE-REVIEW
FINAL DETERMINATIO
UNCLASSIFIED, DATE:/% 7

For RErErENCE

(INP]ARRIEIED

NOT TO BE TAKEN FROM THis ROOM

CAT, NO. 1935

VERIFIED UNCLASSIFIED




