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I, INTRCDUCTION

The neutron level in a chain reacting assembly near
oritical either grows or deocays promptly as e°‘t, depending
on whether théAAssembly is above or below prompt oritiocal,
Apparatus for meamsuring this o by the Rossi method has
bean assemblei by Group ¥=2 at Pajarito Canyon with the
eleotronio work done by Group P=l, Specifications sube-
mitted to P=l for the design of the eleotronioc components
requested tha'; the apparatus should be as versatile and
have as wide u range as possible so that routine measurements
of < oould bt made on all conceivable types of oritical
assemblies, 1These specifiocations were met in every detail,
It is possible at the present time to make Rossi measurements
on any oriticel assembly without advance planning by simply
switohing on the apparatus. The eleotronic ocircuits are
desoribed in rather ocomplete detail sinoe they are the heart
of the apparatus to measure ol ,

A series 3f measurements has been made on & tuballoy
tamped oralloyf assembly, leasurements have been made pre-
viously with low enriochment material and less uniform and

complete tampei's than the ones used in the present experiments,

Oralloy = Oy = Oak Ridge Alloy = Uranium enriched in U-£35,
The Oy used in these experiments contained approximatsly
94% U=235,
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(LA-374, LA-4"9, LA-1036.) The purpose of the following
experiments hes been to oheok out the apparatus on a known
assembly in o:dér to disoover "bugs™ in our apparatus and
to gain experience in meking such measurements. Great oars
has been taken to utiligze the flexibility of the assembly
to keep perturbations to a minimum, Also, the effeoct of
the unavoidabls perturbations has been studied,

The experimsnta disoussed here may be justified on the
basis that appuratus for making time-goale measurements has
been sucoessfully constructed, and that the present measure=-
ments deal wit! a higher oonocentration of Oy, more complete
tamper, and fewer perturbations than existed in previous
measuraments. As a long time program, the Rossi measurements
oan supply information that is valuable both from the theorste
joal and experimental points of view. A value for ch/am
is an ind3ocation of the value o may attain when an assembly
is highly superuritical, Although measurements of < are
made in a regior. of oritiocality far removed from the region
in question, thig is about the best one ocan do without mak-
ing a measurement on a nuolear®explosion itself, At least
one is justified'iﬁ oomparing the effects of varying the
tamper materials and core materials in the suboritioal re-
glon and then ex:rapolating relative effeots to the super-

oritisale Carsful experiments mey yield information on

2T s
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quantities otler then of « Other oconstants involved are:
(1)’?;, the mean life of a neutron in the assembly; (2) X,
a measure of tﬁe dispersion of the number of neutrons per
fissiony and (3) Ky, the prompt reproductive factors

The folloving report deals with the time socale appara=-
tus and its ap>1ﬁoation to a solid Oy assembly. Disoussion
of measurements on other types of assemblies will be treat-

ed in future ruporte.
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II. APPARATUS

A, Reaoctor at Pajarito

The present experiments were performed using the tube
alloy-tamped, Oy assembly ocalled "Topsy" at Pajarito
Canyon, This reasctor will be desoribed completely in a
future report. Topsy is desoribed below in only enough
detail to indicate its funotion in the Rossi measuremeuts,

An overe.all photograph of the reaoctor is shown in
Figure 1, Tle tamper pseudosphere is on the platform at
the right anc oontains approximately half of the aotive
material. Tre tamper thickness is equivalent to about 8%
inohes, whiol approaches an effeotively infinite thiokness,
The ocart is t¢hown at about the middle of the track whioch
extends unde: the tamper table, A tuballoy can is mounted
on the ram 3ir the center of the cart, The lower half of
the active me terial is staocked in this ocan., In operation
the oart is run under the tamper table and the ram is
raised hydrailiocally to assemble the tamper and aotive ma-
teriale Theze assembly operations are accomplished by re-
mote ocontrol from the ocontrol room 1200 feet distant. The
assembly usuelly is stacked so that it contains almost one
orit when assembled, It is then brought up to critiocal by

insertion of the oontrol rods. For suboritical operation,

et iy 13 W W 1]
L L -
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oubes of Oy ox?ihalf inoch on a side and weighing about ¥8
grams, oan be reémoved,

Figure 2 is a phantom visw of the assembled tamper and
oan assembly ahb&ing the relative positions of ocontrol rods;
source tubse, e;d counter tube (glory hole). The stove 1id
arrangement fo? supporting the upper pseudohemisphere of Oy
is niocely evid&nt in this pioture,

Figure 3 }s a ologe=-up view of the tamper partially

unstaoked to sibw the oontrol rods, The total ocontrol rod

travel is appf?;imatély 10 inches. Control rod position
oan be read to,»001 inoh, elthough the settings are probably
not aocourats t» more than ,0l inch.

The assem®ly has been further unstacked in Figure 4,
and the inner van exposeds The 4% inch 25 stovelid ocan be
seen in place. Approximately half of a pseudosphere of Oy
is staoked on ?bq stovelid and the remainder of the oan
filled with Tu blooks.

In Figure 5 the source jerk mechanism ig exposed, With
this equipment the source can be removed quiockly. The source
may also be moéga up and down slowly and stopped in any po=-
sition, Mook fissioﬁ sources of various strengths were
available, The;e sources were in the form of oylinders
0+40 inohes in qﬁémeter and 0.4% inches longe Such & source

in the souroe jark tubse could bs moved down to within gbout
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one inoch of the gotive material. In ocertain of the Rossi
runs, it was necessary to steok the souroe within the active
material in order to produce a sufficiently high fission
rate, A special % inoh oube containing a oylindrical ocavity
to hold the source was available for this purpose.

Either & inch or 7/8 inoh diameter spiral Oy fission
counters (LA-1004) were used for all Rossi measurements.
These chambers were oconstruocted by J. Ce Hoogterpe The
deteotors could be placed in the glory hole at any position
along the radius of the reactor without introduocing too
great a perturbation, Figure 6 shows one of the spirsl
chambers in position in the glory hole and feeding into a
modified model 500 preamp. An exploded view of the spirsl
chamber and tuballoy and Oy parts in the glory hole is given
in Figure 7.

Figure 8 is a photograph of the ocontrol room instrumen-
tation for remote ocontrol operations. The left center seso=
tion of the oonsole oconsists of the controls for Topsy. On
the right may be seen the five reocording meters for indioa=.
ting reasotor level, The three meters on the lower level
nre connsoted to the safety trip monitors, The two upper
meters record for the logerithmio and linear amplifiers

whioh operate from BF3 ionigation chambers,
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B. Eleotronioc Equipment

1, Mode) 200 Time Delay Apnalyzer

The Model 200 time delay analyrer is aotuated by
_pulses applied to input #1 for double input operation or
~ to input f#2 for single input operation, For a predetermined
‘ period following eech initiating pulse, subssquent pulses
applied to input #2 are sorted and recorded as they ooour '
in 10 equal and adjacent time intervals. #hen a suffioi=-
ently large number of initiations have taken place, the
number of pulses that have appeared in each of the 10 re-:
oording chennels will give an indicatior of the time re-
lationship that exists betwseen initiating and subsequent
pulses, In partioular, the kodel 200 time delay analyzer
is intended for use in Rossi time soale experiments as
desoribed in LA 1036,

Various individual time intervals or ohannel widths

may be seleoted as follows:

045 4580, 10, #4sec 300 yseo
1.0 " 3 " 1000 "
3 .o ®n 100 * 3000 " i

A periodio gate is provided whioh may be used to conw=
" trol the initiation oircuite Two successive time intervals
or gates are generated independently and continuously.

During an "on" intervel or A gate open, the initiation will
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respond to the first pulse oocourring in that interval and
to no more than one pulse per A gate., During the "off"™
interval or B gate open, the initiasting action ocannot

take place, For each ochannel width there is a B gate dur-
ation which is just suffioient to allow all transients to
cease after the opening of the 10 ohennels, Thus, re-
oyoling at e maxizum safe rate is permitted and errors dus
to too rapid re-cycling are prevented,

If initiating pulses ooour only at relatively long
intervals, the aotion of the periodio gate may not be re=
quired and it oan be switohed out,

The Model 200 time delay anslyzer was origirally oone
oeived by Edward ¥, Dexter, who did.not remain at Los Alamos
to see its completion, P, Glorﬁ and one of the writers
(C. W, Jo) ohecked the ocompleted unit and made oirouit modifi-
ontions whioh seemed advisable,

An overall view of the apparatus in the control room ocan
be seen in Figure 9. It inoludes the time delay analyzer on
the right, and assoociated soalers, powser supplies and the de=-
ley ocalibrator on the left. One power supply chassis is be=-
hind the consols end does not show in the photographe In
Figure 10 a back view of the time delay analyzer rack is
shown, Figure 11 is a blook disgram showing the continuity

of the apparatus as established at Pajaritos
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as Control Cirouit

The diagram for the control oirouit is shown in Figure .
‘12, Its operation will be disoussed in the following six
,8eotions,

(1) 1Initiation-gated. In double input operstion,
positive pulses applied at input #1 fire blooking oscillator
V=101, Positive output pulses obtained from the grid wind-
ing of the blooking osocillator transformer are fed to the
oontrol grid of V=102, whioch is a gated amplifier, The period=-
io gate operates on the suppressor grid of V=102, and the “A"
interval of the gate drives the suppressor positive, allowing
amplifiocation of the pulse from V=101, During the "B"™ inter-
val, the suppressor is held negative, preventing the trané-
misgion or amplification of pulses,

The first pulse to arrive in coinoidence with an "A"
gate triggers a "flip flop" V-103 and V=104, The positive
Jump in voltage at the plate of V=104 triggers blooking
osoillator V=106, which in turn starts the sweep whioch opens
the recording ohannels, This gating prooess introduces
sbout 0,15 miorosecond delay.

V=106 can be triggered only onoce per "A" zats sinoe
the "flip flop™ 3is unresponsive to further pulses until it
is reset after the "A" gate ends. The reset pulse ocomes
from differentiating the positive going wave form on the

soreen of the "B" gate phantagtron, ¥sI%J], Mhioh corresponds

oo ::25!.: ese tee 00°
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to the end of the "A’i:'ga.‘éq.: This gl.;é is amplified in
V106A and delayed 0.5 mioroseconds before being applied to
the flip-flop. The 0.5 miorosecond delay is inserted to
make sure the flip-flop will respond to the reset pulse,
The initiating pulse may come at the very end of an A gate,
and the flip=-flop needs nearly 0.6 mioroseoond after being
.triggered before it will respond to the reset pulse,

For single input operation, V=101 is not used and blook-
ing osoillator V=108 receives all input pulses, through Input
#24 In both double and single input operation, V=108 supplies
pulses to be ocounted in the 10 recording channels but in the
latter type of operation, it must provide all initiating
pulses as well, Uy means of SV¥=102, pulses appearing aoross
the oathode resistor of V=108 are routed to the grid of V-1b2
to take the place of pulses from V=10l,

(2) 1Init3jation Ungated. If gated operation is not
required, switohing sw=103 to UNGATE causes V=106 to be
triggered direotly by pulses from either V=10l or V=108, thus
bypassing tubes V=102, V=103, and V=104, Ungated operation
should be used only when the probability is low for swaeps
ooouring in too rapid sequence to allow complets rscovery.

(3) Periodic gate. The A and B intervals whioh oome-
prise one complete oyole of the periodio gate are mutually’
independent and ocapable of being varied between wide limité,

Two phantastrons (Eleotronios, April, 1948) are used,
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V=110 and V=111, They differ from an elementary phantastron
in two respects: (a) Cathode resistors are used and oross
ooupling 3is employed between cathodes and suppressor grids,
This positively insures that one phantestron is started
when the other reaches the end of its oyole, with e minimum
of undesirable interaction. (b) Each phantastron uses
cathode follower ocoupling (V-109A and V=109B) between plate
ard control grid, To estsblish stable time intervals, a
phantastron needs a large plats resistor, This confliots
with the requirement for rapid recharging of the grid oon=-
denser at the end of a oyole. The oethode followers supply
the recharging ourrent and permit rapid reoyolinge

Each phantastron will operats at any duty oyole up to
about 97% with no appreciable change in period. For example,
a 100 miorosecond B gate may be used with any A gate from
3 to 3000 ¢ seconds. By switohing grid time oconstants,
gate duretions of from 3 to 30,000 miocroseconds are obtained,

The B ¢ supply for the periodic gate was reduced to
about 230 volts beocause the soreen dissipation of a 6AS6
in this oirouit reaches its limit with a B $ of about 250
voltse

A high impedance attenuator conneoted between the
soreen of the A gate phantastron, V=110, and the =160 volt

bus, supplies output to the gated amplifier tube V=102, at

.o %o o 9 ? o000 oo
Lo-R6 5 g
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the proper voltage level. A "speed-up" condenser is inocor-
porated to drive the suppressor of V-102 sharply at the gate
edges.

The B gate durstions chosen are suffioient to allow
ocomple te recovery of the sweep oircuit for particuler
chennel widths,

Tube replecement in the periodio gate oircuit may
cause a few per cent ohsnge in gate durction.

(4) The sweep oirouit includes V~105B, V=113, V=115,
V=116, and V=117, V=113 is a flip flop triggered in one
direction through V-105B, Its negative going grid is
oonneoted to the grid of V=116, the sweep clamp tube, When
triggering oocurs, V-116 is out off end tre plate voltage
rises, This rise is co.pled to the top of R=3 through
oathode followsr V=117, A oconstant currernt is mainteined
in R=3, oharging C=’ at a constant rate, which generates a
linear sawtooth of voltage or sweep., 'When the sweep reaches
suffioient aunplitude, feedback ocours through diode, V=115B,
thus resetting the flip flop ard terminating the sweep,

R=4 is for the purpose of adding a steep step at the
beginning of the sweep, and the orystal diode aids in
speeding up the discharge of condenser C=3 at the end of a
EWeep,

The sweep is used to open and olose each recording

APPROVED FOR PUBLI C RELEASE
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chamnel in turm, One oliannel width ocorresponds to & 15
volt rise on the sawtooth, Chanmel 1 is triggered by the
initisl step at the stert of the sawtooth, A portion of
the sweep flip flop weve form is differentiated and sent
through oathode follower V=114, This provides an output
to a scaler to indicate the total number of sweeps,

(8) 1Input #2, V=106 is a blocking oscillator whioch
responds to positive pulees from Input #2. It will fire
on a minimum trigger pulse of 5 or € volts but for single
irput operation it requires more than about 10 volts of
trigger to fire twioe within 0,5 miorosseocond. An output
oonnection is provided to permit moritoring the total nume
ber of times V=106 fires, The size and shape of the oathode
pulse is rearly independent of the size and shape of input
trigger. The narrow pulses from the cathode of V=106 are
supplied to coincidence tules in each of the recording
channels and with single input operation, a large fraction
of these pulses aot as initiating pulses as well, If a
pulse oocurs when any recording ohannel is open, it should
oorstitute & court in that chanrel,

Only the top of the output pulse 3is utilized in any
recsording channel and the effeoctive width is found to be
0,05 miorosecond or less, This blocking oscillator stage

serves a very useful purpose since it oonverts the input

. 0-548 o
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pulses, whioch are at lesst several tenths of a nicroseoond
wide end not neocessarily of standard shape and size, into
uniform very narrow pulses., The reed for having narrow
pulses for this purpose should be oclear if one ocorsiders
the question of chernnel overlsp with 0.5 miorosecond chen=-
nels, psrtioularly in view of the fast that effective overw
lap of adjaoent chamnels has been found to vary as much as
a faotor of 2 between different pairs of adjacent channels,

(6) Bias Tube., V=107 is a ocsthode follower whioch
supplies bias voltege for the blocking oscillators at a
suffioiently low impedance to preolude sny interaotion
smong, them,

be Recording Channels

The oircuit diagram for the recording ocharnels is
shown in Fizure 13, Before beginning a detsiled study,
it should be mertioned thet all ohennels are alike with the
following miror exceptions: (a) Channel #1 does not sup-
ply a shut=off pulse from its blooking osoillaetor sineoe no
channel exists shesd of it. (L) Charnel #11 ocontains
only a disorimirator, blooking osoillator and bias tubse,
It exists for the sole purpose of shutting off channel #10,
(o) 0dd numbered chanrels oontain a bias tube V-6 whioh
supplies bias to the blocking oscillators in two =djacent

ohennels, (d) <ven numbered channels contain a dual shuteo ff
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tube Vel8 whose plates connect to coinoidence tubs sup=-
pressor grids in two adjsoent chennels,

The eleven discriminator oirouits fire in sequencs,
esch intervel correspording to s 15 volt rise of the saw=
tooth, This means thet the linear portion of the sawtooth
must rise at least 150 volta, WVith a 15 volt step at the
beginning, the overall amplitude needs to be 165 volts,

In praotice, to allow a faotor of safety, the sweep is made
longer than this by about one ochennel width or e total of
180 volts.

The eleven disoriminators raset themselves at the end
of the sweep with #1 being the last one reset., The firing
point of each disoriminator is adjusted by an individual
potentiometer, With the deley oslibretor to be desoribed
later, the disoriminator settings can all be made in five
or ten minutes,

The equipment should be allowed to warm up for about
thirty minutes tefore naking final adjustments 3in the dis=
oriminator settings,

The ocomponents and ection of the 10 recording channels
are disoussed in the following four seotionse

(1) Discriminator and blooking oscillator. V-1, V-2,
and V-3 ocomprise a discriminator. V-3 3s a oonstant current

tube., Since V=1 is normally out off, V-2 ocarries all the
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ourrent until triggering ocours. #hen triggered, the
ourrent is swiftly transferred to V=1 and the positive
jump in voltage or the plate of V=2 is differentiated,
The resulting trigger causes the blooking oscillator V-4
to fire., Two simultaneous blooking osoillator output
pulses are obtained, The third winding, which is at a
potential of =150 volts, supplies a shutoff pulse to the
previous chennel, From the grid winding, whioh is ror-
mally at =15 volte, a steep positive pulse is applied to
the grid of a oathode follower V=54,

(2) Gate forming oircuit. Condenser "C" is quiokly
oharged to about 25 volts by the pulse on the grid of V=54,
It will normally remain in this condition until the blook=-
ing osoillator in the next shannel fires, Vthen this happens,
the shutoff pulse applied to the grid of V=18 causes a
pulse of ourrent whioh is suffioient to quiockly reduce the
charge on "C" to zero., A diode V=58 prevents the potential
on "C" from going negative. Thus a small gate is gensrated
whioh represents'thé open time of that particular channel,

The walue of "C" is not critiocal, but for the narrowest
channel opsration a value of 50 mmf was found to give suf=
fioiently steep gate-edges. The edges are short compared
to O.1 miorosecond. For channel widths of the order of

milliseconds it is neocessary to 3inorease "C" to prevent too
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rapid discharging through the parallel resistor. A value
of 760 mmf is a good upper limit. If "C" is larger than
this 3t oannot be charged and discharged reliably.

If there were no tube leakage ocurrent, it would not
be necessary to shunt "C" with a resistor. Apparently about
two-thirds of all stook 6J6's show leakage ourrents of over
0.5 microamperes, when used in the oa%hode follower position,
V=5, This is the upper limit of allowable leakage in the
present oirouit. Low leakage ourreﬂ% is important, beocause
during long intervals between gates, condenser "C™ will
éharge up. With 22 megohms in shunt, and a leakage ourrent
of 0.5 mioroampers, "C" will charge to ~~l1l volts which is
the tolerable limit, if the ocoincidenoe tube ocathode is set
at ~-21 volts. For the greatest channel width of 3000 mi=-
oroseconds a long time constant is needed, 750 mmf and
22 megohms gives 16,500 mioroseoonds whioh cannot be re-
duced very muchs

It is unfortunate that the oircuit requires seleoted
tubes, but there is no easy way to improve the situation,
Fortunately, the seleoted tubes have not ochanged noticeably
after several months use.

(3) Coinoidence Tube. The gate is applied to the
supprassor grid of V=7, whgse oathode should be set at about

20 volts. The ocontrol grid is normally at ground potential
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so all plate ourrent is out off unless a pulse arrives at.
the grid in éoincidence with the gate on the suppressor.
In this ocase an amplified pulse appears at the plats and
this aocts as a trigger for the soaler which follows,

There is a 100 ohm resistor in series with each coine-
oidenoce tube grid. The blooking oscillator V=108, feeds
all 10 of these grids in parallel, A ocountestop switch
oan break the line which comss frow V=108 when it is desired
to stop the count,

(4) sScalers. Two conventional scale of 2 oirouits
are used in each channel using diode trigger tubes, A 6J6
driver tube operates a Msroury type register. To get the
aotual number of coincidences from any channel the register
oount should Y» multiplied by four and the interpolator
light 3indiocations added,

The soalers in all 10 channels are reset by a single
push=button switoh,

0es Power Suppliss

The following regulated power is required:

+ 300 80 ma, Top pansl

+ 300=-4 110 ma. Discriminators & bias tubes
+ 300=-B 135 ma, Soalers & ocoincidenoe tubes
4+ 300 50 ma, Registers

- 1850 175 ma, Total

All the above voltages should come up simultansously., If

the ¢ 300-A supply is not on when the top panel voltages
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are applied, the sweep oirouit ocathode follower will draw

exoessive ocurrent and the 6.8 K=2W resistor must be replaced,

2. Remote Equipment

For measuremants involving the narrowest chamnels
(0.5 miorosecond) of the Time Delay Analyzer, & number of
stringent reqﬁirements must be met., In order that pulses
mey be counted in the first ochannel, starting 0.5 mioro-
seoond after initiation, all pulses must be effeotively
shorter than 0.5 microsecond, Overshoot or bage line dis=-
tortion following a pulse must be small to minimigze any
undegirable influence on the seoond pulse of a pair, Suf=
fioient gain must be available to obtain pulses of several
volts from fission chambers or possibly other types of
deteotors,

The model 501 amplifier asnd preamplifier meet the
above requirements with minor modifications.s A Osl miorow=
seoond RC olipping time oonstant was used, 50 mmf and 2000
ohms, The output cathode resistor was effeotively reduced
from 10,000 ohms to 1000 ohms to prevent lengthening of
pulsss when working into seversl feet of coaxial cable
(See Figure 14). |

A distanoe of 1200 feet separates the remote equipe

ment

from the time delay analyzer,

To transmit pulses
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over this distance, 75 ohm ocoaxial ocable is used terminated
in 75 ohns. It was found best to loocate a disoriminator
at the remote or transmitting end so that pulses sent down
the oable are all the sams size, At the reoceiving end of
the line all pulses are approximatsly 20 wvolts in amplitude
and between 0,25 and 0.4 mioroseconds wide, depending on
the amplitude of the original pulse, If the discriminator
(Figure 14) has a recovery time whioch is short comparsd

to 0.b5 mioroseoond, two pulses 0.5 mioroseconds apart will

have equal probability of tripping the disoriminator,

3¢ Modified Model 200 Sosler

In order to provide accurats ocounting of pulses as
olose a8 O¢5 miorosecond apart ocouring in pairs, it was
decided to improve the resolving time of an existing soaler,
The model 200 scaler normally has a resolving time of 5 to
7 mioroseoconds. A new pluge-in soaler ﬁnit was designed
whioh uses two 6SN7's and has a resolving time of 0.4 to
0.5 miorosecond. The model 200 soaler was adapted to use
2 of thess fast sosler units, thus providing a fast scale
of 4 ahead of the remaining standard stages.

The fast soaler uses cathode follower ocoupling between
the two halves of an otherwise conventional socale of 2

oirouits The cathode followers serve to remove some of the

L I
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oapacitive load from the somler plates, and greatly reduoe
the impedanocs through which the scaler grids are driven,

The modification resulted in inoreased power require-
mentse The B¢ supply in the Model 200 scaler is adequats,
but e larger filement transformer was substituted, The
oirouit diagram as modified is shown in Fizure 15,

The discriminator was modified to supply & narrower
trigger pulse, This caused a deorease in "sharpness" of
pulse amplitude disorimination which is not serious, sinoe
all input pulses are practioally the same amplitude, having
come through +the disoriminator at the input end of the
1200 foot ocoaxial line, also a blooking osoillator in the
Time Delay Analygzer,

For high oounting rates it was necessary to connect a
seoond Model 200 scalsr in series with th§ modified model
giving an overall socaling faotor of 4096, The regzister
driver tube was removed from the first unit and a conneotion
made from the last socale of two to the input of the seocond
unite.

Two standard Model 200 soalers were likewise conmeotsd
in series to record the number of sweeps from the Time Delay
Analyzer. The fastest sweep oan ooour no oftener than every

10 mioroseconds so the standard soaler is adequate,

 ——— APPROVED FOR PUBLT ©C RELEASE
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4, Delay Calibrator

The oirouit diagram of the delay ocalibrator is shown
in Figure 16, This ocalibrator produces two pulses independe
ently delayed and available either at separate outputs or
mixed on 2 common output. This permits ocalibration for
either double or single channel operation.

The two delayed pulses are ocontrolled by phantastrons,
using 6AS6 tubes, ‘hen triggered, the plate voltage of a
phantastron falls linearly with time until in this ocirouit
it is stopped by the oonduction of a triode whose oathods
is conneoted to the plate of the phantastron., The grid
voltage of the triode which determines the stopping point
and thus the Eelay produced by the phantastron is variable
over a wide range, When the phantastron plate is stopped,
the resulting sudden change in soreen ourrent triggers a
blooking osoillator, .

The two delay oirouits are triggered simultansously,
eithef from an external source or by means of a built-in
relexation osoillator which is synchroniged with the 60
syocle line frequency to qSliver 20 pulses/%eqond.

Several ranges of delay are provided to permit acourate

calibration of ohannel widths from 0.5 to 30 mioroseconds,

When the calibrator is properly adjusted, by comparing it
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with a frequenoy standard and set to the appropriate delay
range, one revolution of the 15 turn Helipot dial corresg-
ponds to one ohannel width,

Normally the "T" pulse acts to initiate the action
of the Time Delay Analyzer and the "main" pulse is used for
ocalibrating purposes. When both pulses are fed into Input
#2 from the common output, and the Time Delay Analyzer set
for single channel operation, whichever pulse ocours first
will aot as the initiating pulse end if the seocond pulse
is appropriately delayed it will appear and be oounted in
one of the channels, Sinoe there is considerable overlap
between the ranges of delay of the two pulses, it is pos-
sible to determine the interval between initiation and the
start of ohannel {1, This is done by moving the "main"
pulse on either side of the T, pulse and noting the time
difference between the two points where channel #1 just
starts to count., One half of this time difference repre-
sents the delay in the start of channel 1,

A motor drive is provided for the "main™ pulse, This
is neoessary for oslibration of the narrowest channels in
view of the faot that the 0.5 microseocond channels overlap
by amounts varying between &% and 10%, thereby inoreasing
their effective widths, When the oalibrator is switched to

motor drive, tre "main™ pulse can be made to move at a rate
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whioh corresponds to one naminal channel width per minute,
thus taking 10 minutes to move through all ten channels,
This is dome using the internal pulse generator which sup-
plies 1200 pulses per minute synchronized with the power
line frequenocy. After a ocomplste 10 minute run through all
ohannels, the number of pulses in excess of 1200 in sach
channel gives a measure of the effeotive ochannel widths,
inoluding overlap., The motor drive is reversible and proe=
videg with 1limit switohes. Aoouracy of the calibrator has
be;n shown to be within 1 to 2% over periods of several
monthsg.

Due to switch position limitations, the calibrator is
not capable of calibrating ochannels wider than 30 mioro-

ssoonds,

To oalibrate the wider ohannels, the same oirouit is appli-

It was intended to be used only for narrow ohannels,

oable with larger time constants assooiated with the phantas=-

trons.
wider than 30 mioroseoonds, sinoe these will overlap con=-

siderably less than 1%,

The motor drive feature is not neocessary for channels
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U I N N
111 THEORY

As Fluotuations

It has been observed that fluctuations exist in a near
oritiocal reactor that distinguish this type of source from
the usual random source, Thess fluotuations may be ex=-
plained on the basis that a single neutron in the assembly
may initiats a long chain, so that for a short time inter-
val, the reaoctor may act as though it were superoritiocal,
Since in reality the assembly is suboritiocal, every chain
must be finiﬁe and eventually deocay as

N =No et 1
where the oL in this ocase is negati?e. If one observes the
reactor on a time socale that is of the order of 1/, these
fluotuations may be observed and measured, The decay time
(1/o<) for chains in the observable region of oritiocality
is ghort ocompared to the shortest delay neutron period even
for a reactor as slow as the water boiler, so that delay
neutrons play no part in o observations except in-as-rmch-as
they way serve to initiate long oheins. At prompt oritiocal
on the average a neutron chain lasts forever when fed by
prompt neutrons alone, so that ©” equals zero. Actually at

prompt critical the level rises rapidly beocause of the in-

oreasing source due to delay neutrons. If one introduoces
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a strong source into a reactor, and then suddenly removes
suoh a source and watoches the prompt deocay of the assembly,
he is making & direct measurement of the deocay oonstant <,
A more subtle measuremen; suggested by Rossi and referred
to as the Rossi Method makes use of the smaller order fluo-
tuations resulting from chains initiated by single neutrons.
The Rossi Method then instead of measuring the average be-
havior due to a large number of chains observes individual
ochains end then averages after data is acoumulated for a
great number of prooesses,

The value of o depends upon (1) xp -criticality and
(2)’]’o ~-mean life of a neutron in the assembly, The orit-
icality determines the average length of ochains and’r;
determines the average time between fissions in a chain.

It oan bs shown that
K =1
o< = -—P—77-- * 2
. o
Be Rossi Method

The development of the theory for the Rossi experiment

has besn published elsewhere (Feynman, LA-591, and Frisch,

LA~1033), and so only the oonsequences of this developnent

will be considered below,

The following equation is approximately oorreot for

-

any chain reactor near oritiosl, Sinoce o measurements are
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K -1
EX t
P(t)dt = Cdt ¢ 2 e I° 4t 3
7 o =
2v "1 (1-xp)
where C g chamber ocounting rate
E = ochamber effiociency in oounts/?ission
7(2 = twice the average number of pairs of neutrons

per fission (seocond moment)
7/ = average number of neutrons/fission
To = mean life of & neutron in the assembly
K

P
This is an equation for the statistios of oounts from

prompt multiplioation faotor

neutrons originating in a chain reaotore P(t)dt is the
probability for a count at time t within an interval of

time dt following & count at t = O, This equation indicates
that fluotuations exist in a ochain reactor that do not ex-

ist in a random source, The seocond term on the right of

equation 3 is & measure of these fluotuations, The pgoba-
bilities for a random source would be simply

P(t)dt - Cdt 4
where the probability of a ocount at time ¢t in an interwval
dt following a ocount at t = O depends only on the gounting
rats and the width of the time interval, From the definition

of a "random source™ we know that this probability should

R N R
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be independent of the time t, For & reactor far from

oritical, the exponential term approaches zero becauss of

e large negative £Xand the statistios become those of a
randomn source. The interesting term from our point of view
is the second term on the right in equation 3. The value

of this term may be obtained by measuring probabilities for

‘ocoinoidences from pairs of neutrons and subtracting a
baokground term (Cdt) due to accidental coinoidences, iee.
coinoidences between neutrons not in the same chaine. The
ten ohannel time disoriminator previously desoribed is able
to measure P(t) dt for all types of near-oritiosl assembe-

lies,

The measurement of o is quite straightforward. A plot

of P(t)dt = Cdt on semi-log peper gives a straight line
whose slope is X . The intercept of this straight lins at

Y

t =2 0 in addition gives a valus for

E)(Z dt

2y 7, (1K)

This quantity is of no value unless some of the quantities’
appearing in it oan be determined independently. The
average number of neutrons per fission is of ocourse quite

well known for both U=235 and Pu, Some disocussion of the

.'. .z. :.. .:. ‘.. :..
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other constants and methods for their measurement is in

order,.

l, Determination of E

The determination of the effioiency, E, of the counter
in counts per fission is more direot than any of the other
oonskants although the'preoisiqn with whioch E can be found
is ghestionable,

One approach is to measure the total fissipn rate F
of the reector. Then knowing the input counting rate C,
the %Efioienoy is C/F. F can be measured by two general
methodss

(a) A direot measurement of the fission rate at some
point in the reaotor plus a measurement of the fission rate
distrib?tion aoross the core,.

(b) A oentral source multipliocastion experiment.

The fission rate at a point in the reaotor can be
measyred by the foil-fission catoher technique or by the
use ?f a fission chamber containing a known "effeotive"
amount of U-235. Using the ..easured fission rate at some
r, the overall fission rate may be found by an infegration
or a |[summation over the core using the fission rate distrie

butian ourve, In either of these methods some ocalibration

experime@t is necessary in order to measure sbsolute fission

APPROER. FOR P,UBLI,QREEASE
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rates.s The most convenient calibration method is to oompare
the cetcher aotivities and the Oy ochamber counts with the
oounts from a standard Oy chamber in any arbitrary flux,
The standard Oy chamber is a parallel plate fission chamber
containing a known quantity of U=235 which will count 100%
of the fissions oocouring in its U«235, Such chambers oan
be oonstructed. One then has a deteotor whioh will measure
absolute fission rates. The acouraocy of the oslibration
depends primarily on how well the amount of material in the
standard chamber is known. A small spirasl fission ohamber
oalibrated in this manner mekes a oonvenient probe to meas-
ure fission rate distributions throughout an assembly with-
out introduoing serious perturbations.

The seoond method for determining the effiociency of a
deteotor oonsists of deteruining the fission rate in a
reaotor by means of a multiplication experiment, The net
or leaekage multiplication is defined in LA-335 as

Mol Q (V-l-x) 5
where the introduotion of one reutron results in the pro=-
duotion of Qp fissions. For a fast reactor the value ofcx,
the ratio of non fission capture to fission ocapture, is
small and ocan be negleotsds The overall fission rats oan

be written as

lo 7

F - Son‘
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where S is the souroce strengthe There are two main souroes
of error in this measurements (a) the source is not a true
fission source, and (b) the source strength, S, is not
known acourately. The error dus to (a) can be minimized by
meking the multiplication meassurements with a long counter
geometry whioch has essentially a uniform response to neu-

trons of all energies involved,

2e Determination of ),

Considerable work has been done on establishing & value
for the dispersion of the number of neutrons per fission,
sz, sinoe the probability for predetonation of a bomd dew-
pends direotly on its value. X, is defined by

‘ Vi

Xz = Z Vv, z
V=1

where V¥ is the number of neutrons per fission and Py, ig the
probability for the emission of ¥ neutrons. The quantity
which we usually call V" is actuslly 3~ , the average nune
ber of neutrons per fission. Measurements ofﬁ have been
made by DeHoffman (LA~10l, LA-183, LA-1834) who studied
fluotuations in the water boiler, and by de Benedetti

(MonP-437) who used coinoidencs counting to get fission neuw

tron angular corrslation which was used to caloulate XZ’

KDY - TR R
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Determinations of JG have agreed on a value slightly higher
than 4 for U=-236. A value of 4 would mean 2 neutrons per
fission 50% of the time and 3 neutrons per fission 50% of
the time, The walue 4 is ;mt outside the range of error
in the experiments. The value oi'x2 is probably known to
about 20%.

3« Determination of 4

Very little oan be said about a direot experimental
determination of 14s If o oan be measured by the Rossi
Mathod and K, for the ass#mbly can be assigned, then T3
follows, Other than this possibility the theoretioal
estimates of Tg must be used. They should be fairly acour-

ate for an all-metal spheriocal assemblys

4, Determination of K.p

The valus of the reactivity oconstent for a ohain
reaotor is probably the most abstract of allA the oonstants.
There ars no good methods for an absolute messurement of K,
Any reactor can bs asocurately set at K = 1, but any $ K
from this value is difficult to determine, For a slow reao=
tor an absolute measurement of K has been made by the
"boron bubble™ method, (LA=1033), Other relative measure—

ments ocen be made by introducing sudden changes in reactivity

MAR-E
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(oontrol rod jerk), by introducing sudden changes in level
(source jerk) and by positive period measursments (LA=-1033).
All of .these measurements give K in terms of 7 or X5,
where\K’ is the relative effectiveness of delayed neutrons
for producing fission in the assembly compared to the
prompt neutrons and £ is the fraction of neutrons which
ere delayed. These quantities are not readily measurable
nor acourately known,

Two new schemes have been conoceived: (a) An active
material‘interohange method for an absolute measurement of
K, and (b) A modulated source method of determining 4 K
in terms of Y pe These methods appear to have some merit
and are disoussed below,

(a) Determination of K by an active material intere
change method. This méthod is based upon being able to
replace an elsment A m of Oy with a speocial Pu element
which differs from the Oy only in %, the number of neu-
trons per figsione This means that the Pu element will
oontain & fewer number of atoms than the Oy element as de=-
termined by their relative oross sections for the neutron
speotrum existinge. One wishes the total fissions in the
Pu to be the same as in the replasoced slement of Oy for
equyal resotor level. #Ahen the number of =stoms in the

speocial Pu pieoce is adjusted in this fashion, one -can assume

o: -E 5&.‘ H

[ [ d [
6 000 000 oo
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that soattering and non=fission proocesses are oclogely
enough the same for the two pieces thst their effeots ocan
be negleoted when the Pu and Oy pieces are interchanged,

If a oube of Oy be replaced by a oube of Pu as speoi-
fied above, essentially all that happens is that the average
YV for the assembly has been changed. This change will be

given approximately by

Av=(V49-73) 4n 8

m
that is, it is the difference in V" between Pu and Oy
multiplied by the fraotion of the aassembly in whioh the
change takes place, Either the change must be effected
in an "average" position in the assembly or several changds
should be made, distributed properly over the assembly.

Near oritical one ocen say that
o LK
1/ or
_where 'D’;r is the numbor of neutrons per fission that

would be necessary to make the assembly just critioal,

Then

Ax: BY _Va V25 Anm 9
Y or VY or n

The experiment is performed in the following way.

Replace a ocube of Oy'iith Pus, Run the assembly just up to

.:: .{:.5’ -.g. g:. §.§
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oritiocal, when

Yors Y =2Vo54(Yg9-Y5) JAnm 3o
- —_—
Then replacs Pu with Oy and run the control rods to the

same position as before when the assembly will be suboriti=

cal by an amount given by 2. Move the ocontrol rod until

the assembly is just critiocal again. This then gives a

motion of the control rods equivalent to a known AK.

The above experiment is an elaborate and rather toushy
one, Performing this experimsnt ocan only be justified by
the feot there exists rno known better method for a direct
measurement of K,

(b) An intermittent source method of determining

% K in terms of 25/1". The oconventional source jerk ex-
periment provides a simple means for measuring S K in
terms of ¥ f. Unfortunately, experimental diffioulties
have not permitted accurate me'asurements by this method,
The ourve below shows the reactor variation during a source

jerk.

(XXX Y]
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The source is suddenly removed at As Then the following

equation holds near critiocal:

§ K = A ., 11
Kyt B

Experimentally it is very difficult to detsrmine the
breakaway point B with any acouraoy because of the short
delay neutron periods,

It is proposed that a source in the ocenter of the
assembly be suddenly turned on for sey one seocond, turned
off suddenly for one seocond, and this 2 second oyole re-
peated ocontinuously. This can be accomplished either by
means of a speoial modulated source or by a mechanical
motion of the source., Possibly a much shorter oyole can
be acocomplished, The figure below shows the effeot on the

reactor of suoh a souros,
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Level A is the statio level the reaotor will attain 1f the

source is left in oontinuouslye. A'B'C'D'E' constitutes

one complete oyole for the source. The value of

A'=B! g D'<C! g A-B where A=B refers to the jump shown in
the previous figure of theboonventional source Jjerk. This
jump in all ocases is dus to the prompt multiplioation of
the sources It is planned then to scan the region A'BY or
C'D' with a 10 channel time disoriminator whioh is synohro;
nized mechanioally with the source. A plot of the data
obtained with this instrument should be similar to the

ocurve below,

COUNTS

1 2345678910
CHANNEL

Points ocan be obteined at milliseocond intervals on elither
side of the source jerk time. A-B can then be acouratsly
determined with the intermittent souroce experimenf while

A ig easily found from a statio experiment., The acouracy
of the determination of § K will depend upon how rapidly
a souore oan be "turned on or off" in the assembly. It is

necessary only that the rise time of the source be small
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oompsred to the shortest delay neutron period.

Fe de Hoffman (LAMS=179) has disoussed a moduleted
source experiment in which the source is turned off and on
at very high repetition rates. The modulate souros exper=-
iment end the intermittent source experiment are in no
senge squivalent and are used to study two completely

different effeots,
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1V EXPERIMENTAL

As Control Rod Calibretion

The ocontrol rod oharaoteristiocs were among the first

considerations when Topsy was originally assembled, Since,

small chenges in oritiocality were usually made by moving

the control rods it was neoessary to get as oomplets a
dontrol rod calibration as possible, One would like to
‘have a ourve relating ocontrol rod motion to /K, but this
is very difficult to obtein, Multipliocation vs, oontrol
rod position ocurves were obtained and measurements were
made of positive period vs. control rod position.

The latter measurements resulted in ourves such as
Figure 17A, One control rod acocording to the ourve is 23.b

.oents on this oritiocality socale, Measurements showed that .

the two ocontrol rods have very little interaotion so that

the total travel of the two ocontrol rods is then equal to

a chenge in oriticality of 47 cents. The relation between
positive period ard oents comes from calouleted curves
based on delayed neutron periods. The equation for the
oaloulation has been published as

i =
cents = 100 DK = 100 aiTh 1
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where usually the delayed neutrons are split up into 5
éroups with deoay periods Ti and relative abundance aj.
T is the resulting pile period. The equation is valid
for all T >>Ti. Various investigators do not agree exaot-
ly on the delayed neutron data., For example, refer to
Physical Review, Vol, 74, No. 10, pages 1330=1337, November
15, 1948,

The control rod calibration in oents oan be converted
to ebsolute units of AKX by multiplying by ¥ f and divid-
ing by 100, The freotion of neutrons delayed has been
taken as ,00766 for U=235 (Phys. Rev. Vol. 73, No. 2, pages
11-124), while ¥~ 1 for a small metal assembly. Using
these values, Curve B in Figure 17 results,

By means of inter-reletions explained in LA-335, cen-
tral source multiplications can be oonve;ted into DK,

The relations used are

Mo/My, = 4/8 (for high multiplications) 2
Y-l o vl - s
Ty=1 r -
Tps_ 1 4

1-K =

where M refers to net or leakage multipliocations, T to

total multiplioations, the subsoript o to central source,

Yy .l
(s 4
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and the subsoript n to normal mode source. For high

multiplioations then the following relation is approximately

trues
AKX =z 43 Y=l-ock 1 . 5
v M,
Assuming 27~ 2.5 and ©X very small,
Axz 46 1 ., 6
M
)

Applying the above equation to the multiplication vs. ocon-
trol rod position, data results in Curve C in Figure 17,
B and C agree quite well,

Positive period measurements were alsc made by going
into the delay oritiocal region by the addition of oubes of
Oy to the outside of the sotive pseudosphere, These posi=
tive periods were then converted to ocents and the result
plotted in Figurs 18. Extrapolation of the ocurve to 100
oents gives 426 gm of outside Oy between delay and prompt
oritical, Comparison of Figures 17 and 18 gives 200 gm of
outside Oy (5.22 half-inoch oubes) equivalent to the two
oontrol rods near oritical, The mass difference extrapo-
lation between delay and prompt oritiocal is important for
fixing the position of the point for o{ = O in the Rossi

" measurements.
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Be Measurement of Reaoctor Fission Rate

le Multiplication Msthod

Central source multiplication measurements were made
using a calibrated mook fission source (MRE#5). In Figure
19 these multiplieations are plotted against logarithmio
amplifier defleotions. The logarithmio amplifier was
always set to a standard defleotion before any measurements
were made with it, by means of a radium=beryllium source
in a standard position. This proocedure essured using the
log amplifier at the ssme sensitivity level from day to
‘day. The log amplifier was intended to have a range of 3
decedes full soale but Figure 19 shows that the range was
a little less than this, The ourve for the fission rate
vs, log amplifier defléotions wes oaloulatsd from the cen=-
tral source multipliocations and the source strength
S = 845 x 10° n/seo by the use of squations 6 and 6 in
Seotion III, giving

F - S M-l '} "

v s

V-1
These multiplication measurements were repeated at

various times and satisfactory agreement obtaired,
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2. Calibrated Chamber lNethod

A special perallel plate fission chamber (F 252) wes
oonstructed by Je Ce Hoogterp having a good geometr& and
a thin Oy ocoating of a known thiokness. The chamber was
f£illed with speotroscopioc argon and the pressure adjustsd

%o give meximum pulse heights. The total amount of U=235
in the ohember was 1ll.l mge spread out to a thiockness of
0.16 mg/omz.

A disoriminator bias ourve for this chamber is given
in Figure 20, The horizontal slope of the ocurve at zero
disoriminator setting indicates that all fissions are !
oounted at this pointe At the discriminator setting of
20 used, the correotion for low pulses was the faotor 1.10.

. A 7/8 inoh spiral fission chamber (2622) was ocompared with

this chamber in a standard flux., The data appears below,

TABLE I

Ratio of ocounting rates 2622/F262% 16.4
Mags of U=235 in T 2523 11,1 mge
Effeotive mass of U=235 in 25223 182, mge

Chamber 2522 was placed in the ocenter of the Oy
assembly and the assembly run up to po&ar. Presumably theJ
chamber now aould indioate fission rate per gram in the |
active material immediately surrounding the chamber proe

) vided the perturbation due to the chamber was not excessive.

Figsion phamber oounting rates and logarithmioc and linear
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amplifier reading were reocorded.
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The daterminq

fission rate for one of these points follows,

TABLE II

Counting rate & 22,35 S/h Scale 4096
Fission pulses/sec. = 1¢53 x_10°
Fissions/gm sec. = 8.38 x 108

Log amplifier = 0631

Mass of Oy in assembly = 17,94 kge

tion of

The radial fission distribution relative to the ocenter

had been meagured with small 25 spiral chambers. Using
this data the following table was ocompiled.
TABLE 1II1
r Pt Fg8+38x10°F"
Distance from Relative Absolute 47ﬁ0r2F

gcenter in om,

fisgion rate

Fission rate

0
1
2

8

4 plot of oolumn 4 is shown in Figure 21,

1,00
+«99b
«960
«8856
«800
«711
«810
«495

«400

e.sexloss/gm seo

0
8.34 1,96 x 106
8,05 7.56

7.41 1647

8470 25,2

5096 3540

el 4342

4,15 47.8

Be36 5044

The srea

under this ourve up to a radius of the Oy core should !

yield the total fission rate of the assembly.

® ® P
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caloulated radius of & 17.94 kg cors of density 18,7 turns
out to be 8,12 ome MAccording to the area under the curve
then, for 100% concentration Oy the total fission rate

at a log amplifier reading of 0,31 would be 1.11x108 fise
sions per second., BSince the Oy in the assembly averaged
only 94% oonoentration, this value must be reduced 6% to
1.06:108 fissions per seoond, Comparison with the results
of the previous multiplication method (Figure 19) shows
that the egreement is very good., Corresponding fission
rates for other poser levels may be obtainsd by mltiplying
the above value by the central spiral chamber counting

rate ratios,

Ce Rossi Moasurements

le Rossi Run at Critioal

The complete procedure involved in measuring an &<
will be disoussed by desoribing in detail a typical run
with the reaotor at delayed oritiocal.

The electronio apparatus was designed to operats with
a single input channel or a double input channel., In the
double channel type of operation, two spiral fission chame -
bers are used with two sepasrate amplifiers feeding into

the timing apparatus. One ohannel (initiating ohannel)
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provides neutron pulses whioch initiate the timing sweep,
The ten coinoidence oirouits then reocord pulses from the
seoond chambsr-asmplifier network (ocounting channel) which
ooour within the interval of the sweep. This oyole is
repeated by subsequent pulses from the initiating channel.
Whan the oircuits are switoched over to single input
operation, the first neutron pulse which comes along initi-
ates the sweep and the next following pulses ocoming from
this same input sre recorded in the ocoinoidencs channels
and oconsequently their time separation from the initiating
pulse is measured. Single input operation was usually used
beoause of the greater convenisnce in using on}y one chamber-
amplifier combination. Also the insertion of a single spiral
chamber into the assembly resulted in less perturbations
The requirements on amplifiers and pulse shaping ere much
more stringent with single input operation because then one
has to resolve two pulses from the sams amplifier about

0e¢5 miorosecond aparts The requirementis are even more
severe than this. Since pulses from the amplifier have all
variations of pulse height, it is necessary that there be
no interaction between the two pulses. in  order to be able
to oount these pulses with equal probability. If the amp-
lifier does not oompletely recover before the seocond pulse

comes along, then the sesond pulse may be shoved up or dowm

¢ N1 I— A
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by riding on the tail of the firgt pulse and the relative
probability of deteoting the seoond pulsa will be changed,
Using pulses originating from two different amplifiers

the pulses cannot interact and quite wide pulses osn still
give gocd resolution if one looks at their initial fast

riss, Single input operation seemed to be quite satisfactorye.
Soms small corrections had to be mada to ocorreot the first
three ocoinoidenoce channels when half microsecond channel
widths were used,

The table of Figure 22 gives the data and ocaloulations
involved in a typical Rossi run at oritical. Some comments
ere nacessary to explein the way in whioh the data are
obtained,

Run #23C was made at delay oritical so no source wasg
necessary. For the metsl sssembly the decay is so rapid
that either 0.5 4 860 or 1.0 4 seo channels are necessary.
The first ohannel delay is the time between the initiating
pulse and the opening of ths lst timing ohannel, It is
necessary to know this time in order to determine the
absolute time position of the oenter of each channel with
respact to the initiating pulse, Gated operation was une
necesgary because of the low efficiency of the deteotor,

Fission rates were obtained by the log amplifier deflection

and Figure 19,




Criticalitys K =1
Sources None
Log amplifier: 04335

FIGURE 22

Figsion rate: 1.2 x 108 F/sec

Rossi runs #23C

Channels; 0.5 microsecond

lst channel delay:
Periodic gates Ungated

0.8 microseconds

Soale of 4096

channel counts soale of 4

Time inputs swWeops 1 2 3 4 5 6 7 8 9 10
Calibration with double pulser 923| 451 | 383| 013| 820) 172 | 721| 915| 144 | 383
603| 1171 083( 706( 484| 846| $99| 595| 822| 560 |
320| 33%| 330| TO7| TI6| F26| 32| WO T | BB
Channel overlap oorreotion o938 | o898 | 4909 | ,977| 4893 | 4920 | 4932 | .938 | ,932 .929:.'
Random Correction 1,060 {14051 [1.027 {1,000 {1,000 {1,000 |1,000 [1.000 [1.000 [1.000 .
Total correction factor 0904 | o944 | L9344 977 | 4893 | o920 | 4932 | 938 | 4932 | 929 ¢
Rossi 2961 4210 8794| 3691 | 9067 | 8982 | 0578 | 6626 | 0711 | 1647 | 4653 | 4196 9
data 2447 3725 4766} 0167 | 5999 | 6506 8286 | 4547 | 047 | 0238 | 3436 | 3130
30 min, 514 485 | 2028 352%| 3068 | 2476| 2292 | 1979 | 1664 | 1409 | 1217 | 1066
Corrected 514 485 4004 | 3327 | 2866| 2419 2047 1821 1561 | 1322 | 1134 | 99
Pedt = 10701 8os| 670| 577| 487| 412 367| 312| 266 228 199
Podt = 1072x s8| o8 58 8| 58| 58| s8] s8] s8f 68
Podt = 107°x | 748| ®§1z| TI9| TY| 554| 09| 254| 208| 170 TI4T

.
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Channe)l widths were adjusted with the double pulser,
The dividing lines batween successive channels were set
0¢5 miocrosecond aparte Ths final effective chennel widths
were obtained by driving the delay helipot in the double
pulser with a 1 rpm synohronous motore This sweeps the
deléyed pulse through the 10 ochannels at the rate of 0eb
mioroseoconds per minute. If the channels are exsotly 045
mioroseconds wide, one gets 300 register counts per channel,
Any ocounts over the 300 are oconsidered as overlap and a
channel overlap correotion was obtained, It oan.be seen
that the average overlap was a little less than 10%. A
final ocorrection to the channel counts had to be obtained '
due to the faot that pulses within about l.5 mioroseconds ~
of each other were not completsly independent, This cor-
reotion, called a random ocorrection, was applied to the
first three channels. It was obtained by using the Rossi
apparatus with a random source. With the random source iﬁ
was found that the first three chamnel ocounts were lower

than the expsoted value and a correction factor was ocalous

~ lated which would just bring them up to the expeoted,

These two ocorrections were then incorporated into a single’
faotor for each chamnnel which was used to multiply the "
observsd channel oounts in order to get the ocorrected

value,. |
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The aorreoted Rossi dapa were then used for the cale
oulations. P(t)dt for any channel n is just the average
number of counts recorded each time the channel is opened,
8.Ze in the times interval 0.5 migrosecond, This obviously

equals the total ocounts in the channel divided by the nume

ber of times the channel is opened. As an example, in
Channel 1 the totel counts wers 4004 x‘4 and the number of
times the channel was opened was given by the sweeps or
485 x 4096, The faotors of 4 and 4096 enter because the
ooinoidence channels werse scale of 4 and the sweep soaler
was socale of 4098, Thus

[P(t)at] = __ 4004 x 4 5 806 x 1075 ,

485 x 4096

One oan write a general‘formula whioh takes into acoount

the soaling faotors and the result is

[P(t)dt:} h o= _;_q_ x 9.77 x 10~%

whers C, are the channel oounts (Soale of 4) in the nth
channel and 8 is the sweep register counts soale of 4098,

The baokground term or P,dt 1s the number of counts
which would be expeoted for each opening of a channel if
the input pulees were coming from a random source instsad
of a ohain reaoting assembly. This is the ohanoe coincidence

rate per channel opening and is constant for all channels,

o 000 go0 600 OO
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The background term is then the input counting rate times
the channel width. The input counting rate for the ocase
under oonsideration was 514 x 4096 divided by 1800, the

time 3in seoonds, Conssquently

Podt » 514 x 4096 x 0,5 x 10~8 = 88 x 1075,
1800

A general formula for this term is
I/t x 3.4l x 105
where I 1s the total input scales of 4096 and t is the time
of the oount in minutes. ‘ ‘
Subtracting the chance coincidence probability from the
total ooinoidence probability yields the related chain
ooinoidence probability Pydte In terms of the quantities

of Equation 3 of Seotion III, the relationship is as follows,

P(t)dt = Cdt ¢ _EXp e"(tdt
- 2Y2T,(1-Kp)

or, in abbreviated notation,

P(t)dt = P,dt & P,dt,

A plot of Pydt against t should be a'straight line on semje

log papsr with & slope o and an intercept at t = 0 of

EXé dt

2V 2T, (1-Xp)

Figure 23 shows this graph., The probable statistical errors

are indiocated,
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This run is typical of the runs near critical. Conditions
are not so favorable suboritioal and eventually the backe
ground term becomes §o large that & limit is reached due
to the statistiocal unoertainty of the points, Two or more
geparate runs were made at eaoch oriticality.

The slope of the ourve for #23C yields an o« of

-

0.36 x 106,

1=K
E =2 «36 x 106
TO

At delay oritical assume 1-xp g 007665, Hanoe we get
T, = 2410 x 1078,
The evaluation of the interoept is at present not too
reliable dues chiefly to the unoertainty in the determination
of the fission rate of the reactors From the ocurve the

intercept is

EXp at - 1.08 x 1072,
2
2V Tb(l-Kp)

E, the effiocienoy of the oounter, is the input counting

rate divided by the fission rate or

E = 514 x 4096 z 0,875 x 105
1800 x 1.2 x 10°

oounts per fissione Substituting the values for E,V , and dt,

' UBLI C RELEASE
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the following reletion is obtained,

0
Xp - 2.88 x 1070,
'ro(l-xp)

The above inter-relation between X,, Tys and I-Kp is the

thing that one gets experimentally from the intercept
valuas If one believes the previously mentioned determina=-
tion of T, and accspts 00755 for 1-K, at Kzl, then sube
stituting their values, X = 4.6 is obtained.

It should be pointed out that the valuesg dedused sbove
are not presented as being authoritative but are gimply
1llustrative of the manipuletions. The results above are
based on a single 30 minute Rossi run where a determination
of o5 was stressed rather than an evaluation of the intere
cepte It is planned to direot some experiments specifioally

at this evaluation at a later date,

2, Determination of d ¢X/dm and T,

Measurements of =< were made at various values of
A m removed from oritiosl, Thess measurements wsre
aocomplished by removing & inoh oubes from the outside of
the pseudosphere and replaoing them with tuballoy, It is
true that these ocubes were not always exaotly equivalent,

In the pseudosphere type of assembly not all ocubes which

o E
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were removed were in identiocal geometry with respeot to
the ocenter, These differences were not great, howsever,
and should cause very little error. Figure 24 gives the
plots of Rossi data at the various oritiocalities. The
departure from oriticel was expressed in terms of oubes

of Oy, in grams and in central source multipliocation. The

data are summarized in the following table,

TABLE 1V
Cubes Am 1/Mo o 1-Kp To

0 0 gne O 367 x 108 ,0076 2,07 x 10~8
-2 ~7646 (00170  ,415 «0080 2,18

-4 -1563 (00335 ,470 0105 2,19

-6 ~230 00505 542 0116 2414

-8 -306 00675 607 0130 2,14

-10  -383 (00845  ,661 0143 2,16

$426 0 0

Avg 2 2,14 x 1078 geq,
The value of Am foro{ = 0 (ise. prompt oritical) was obe

tained as previously mentioned by positive period measure-
ments, The value of l-Kp was obtained by adding 0076 to
the value of 1-K obtained from multipliocation measurements.

ﬂz was oaloulated for each run from the measured value of

o¢ and l-Kp. The resulting values of T, appear to be
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essentially constant with an average value of 2,14 x 10-8
seconds. One would not expect T3 to vary much over the
small range of oritiocality considersd here,
The data from Table IV are plotted in Figure 28, The
slope of curve A gives a value of d o¢ /dm ¢ 82 x 105 gm-lseo.-l.

This value is & faotor of two higher than a previous
measurement (LA-374). In the previous measurement, however,
lower enrichment Oy was used (79% vs. 94%). Also, the pre=-
vious geometry did not permit changes of mass at the oute-
side of the active sphere, Changes were made in the ocenter
and a oaloulation was made to get the equivalence between
inside and outside oubes, The present measurement then
should bs more reliable gince it was more dirsot and was

made with higher enrichment materiale

3¢ Other measurements

ae Perturbation due to chambers 4An attempt was made
to see if the finite sizé of the chambere seriously affeocted
the valus of o « The deteotors used were as small as
oould feesibly bs used. Two sizes of spiral {ission chambers
were available with diameters of % inch and 7/8 inch,
Measurements of ¢ at delayed oritiocal were made with each
of thess, The chambers were placed in the center of the

active pseudoaphere in order to perturb the asgembly as
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muoch as possible, Within statistios, the data from the
ochambers of different sige were identioal.

A seoond series of msasurements at oritiocal was made
by placing the 7/8 inch spiral chember in the center and
meking a run end then placing the chamber at the oralloy=-
tuballoy interface and repeating the measurements. Again
no effeoﬁ of the ohamber ocould be detscted, It appears that
with the small ohambers used in the present measurements,
any perturbations due to the presence of the ochamber are
negligible,

be Double chember operation: A few test runs were
made at oritiocal using separats initiating and ocoinocidence
chambers. As was stated previously, in this type of
operation ooinocidences are observed between a pulse from
one chamber-amplifier comhination and another pulse from a
geoond ohamber-amplifier combination, Since the pulses are
completely independent of each other, the amplifier require-
ments are not so stringent and better resolution near sgzero
time is possible., Exocept for this one advantage, single
channel operation is preferred because of its greater sim-
plicitye Tests with double input operation were made simply
to assure ourselves that no error was appearing with the
single type operation, Measurements at oritiocal were identi-

cal using either single or double input. About the only

UNCLASSIFIED
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difference one might expeot would be due to an error in the
random correction mentioned previously. No ramdom ocorreo-
tion is neocessary with double input operatione

Ge Suboritioal measurements of o by removing ocentral
oubess The variation of o with mass removed from the oen=-
ter was investigated in two ways: (1) Removing # inoh oubes
from the center and replacing with tuballoy; (2) removing
3 inoh oubes from the center, leaving voids. In each case
the oritical oondition was obtained and then the desired
number of cubes removed from this configuration. It was
found thet replacing oralloy with tuballoy yielded an
appreciaebly more oritical assembly than with the correspond-
ing oconfiguration conteining voids. The variation of &%
with m for (2) above is inoluded in Figure 26. Comparison
of the slopes for inside and outside cubes gives a value

of 2.87 outside cubes equivelent to one inside cubse,

51 UNGLoown 122
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Ve CONCLUSION

It should be remarked again that the purpose of this
report is to serve as a primer for Rossi measurements,
Apparatus and prooedures have been desoribed in great detail.
The pr;eent report will be used as a reference for subse-
quent measurements. In addition, possible experiments have
been suggested and it is hoped that they may be performed
in the near futurs,

A few remarks should perhaps be made regarding the
present measurements. The value of o itself should be of
oconsiderable importence, Although the measured values here
are in a oritiocality range far removed from that involved
in atomic weapons, oomparisons made at these oriticalities
should hold qualitatively in the far superoritical region, .
For example, if the>( foranoralloy assembly is lower in
a WC tamper than in a tuballoy tamper in thé neighborhood
of delayed oritiocszl, one would expeot this also to be true
when highly superoeritiocals. Thus ocomparisons of active
materials and tempers mede in the laboratory should be
valid for bomb gonsiderations,

It is questionable whether the measured valus of
d =4 /dm has much significance. It would seem that a

measurement of d c*~/hfp would be more appropriate in

wi—“ t - """"E:f'.j.um’l-“uou M:lj
‘ii!!!!!!!!!!zt_{f:;;ggfs.'
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consideration of implosion weapons., There 1s a possibility
that d<>(/%P oould be determined over a limited range by
making Rossl messurements at different temperatures, The
present Tapsy assembly would not be suitable for such
measurements sinoce & change in density of the oubes might
not result in a ocorresponding average change of density over
the whole pseudosphere, A solid Oy core would be necessary
for temperature measurements.

It is not as yet ocertain how muoch information can bae
obtained from Rossi measurements about other oconstents of
a critioal assembly., A pretty good evaluation of T; ocan
oertainly be obtaineds T, is important for calouletions
of bomb efficiencies,

fny information ebout K or Kp is importent, and the
Rossi apparatus seems to be the best tool so far devised
for an absolute measurement of K, Onoe K has been deter-
mined, other quar(xtities immediately follow, such as X, and

Y or possibf§ even f, :‘2 is important since it enters

directly in predetonation probabilities. Y and f are of
no partioular interest for weapon design but are very ime
portant in predioting pile behavior.

It would be over-optimistic to expect to solve all the
problems mentioned above, It does appear, however, that the
Rossi measurements may open up interesting experiments whioh

as yet have not been explored gdequatgly,,. ..
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