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. 1. INTRCIDUCTION

The neutron level in a ohain reaoting assembly near

oritioal either grows or deoays promptly as eX‘, depending

on whether the assembly is above or below prompt oritioal.

Appa~tM for mea8uring thiad by the Rossi method has

been assemble~ by Group W-2 at Pajarito Canyon with the

eleotronio work done by Group P-1. Speoifioations eub-

mitted to P-1 for the design of the eleotronio components

requested tha-;the apparatus should be as versatile and

have a8 wide (trange as p0S8ible 80 that routine measurements

of & oould bt made on all oonoeivable types of oritioal

assemblies● Ihese apeaifioationswere met in every detail.

It is possible at the present time to make Rossi measurements

on any oritioel aasembly without advance planning by simply

switohing on the apparatus. The eleotronio oirouits are

desoribed in rather oomplete detail shoe they are the heart

of the apparatus to measure & ●

A serie.a?f measurements has been made on a tuballoy

tamped oralloyb assembly. Lbasurernentshave been made pre-

viously with low enrichment material and less uniform and

oomplete tampers than the ones used

-
Oralloy g 0~*~ Oak Ridge Alloy s
The Oy used in these experiments
9% U-235.

in the present experiments.

Uranium enriohed in U-MS.
oontained approximately
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(LA-374, LA-4”9, LA-1036.) The purpose of the following

experiments h!s been to oheok out the apparatus on a known

assembly in older to disoowr *bugs” in our apparatus and

to gain experience in making suoh measurements. @eat aare

has been taken to utilize the flexibility of the assembly

to keep perturbation to a minimum. Also, the effeot of

the unavoidable perturbations has been studied.

The experhnents disoussed here may be ~ustified on the

basis that appllratusfor making time-8oale measurements ha6---

been suooesafully oonstruated, and that the present meaaure-

menta deal wit!.,.ahigher oonoentration of Oy, more oomplete

tamper, and fe~er perturbations than existed in previous

measurements. As a long time program, the Rossi measurements

oan supply information that is valuable both from the theoret-

ical and experimental points of view. Avalue for d4/dm

is an indioatioilof the valueo( may attain when en assembly

is highly superisritioal.Although measurements of & are

made in a regior.of oritioality far removed from the region

in question, this is about the best one oan do without mak-

ing a measurement on a nuolear~explosion itself. At least

one i8 ju8tified in oomparing the effeota of varying the

tamper materials and oore materials in the auboritioal re-

gion a~d tnen ex’;rapolatingrelative effeots to the super-

oritioal. Careflllexperiments may yield information on

.2$#c~s$lFlED—---’- .-. 9—–
● +
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quantities otier than & , Other oonstants involved aret

a measur% of the dispersion of the number of neutrons per

fission~ and (3) S$?,the prompt reproductive faotor.

The follaring report denls with the time soale appara-

tus and lt8 ap>lioation to a solid Oy assembly. Disowsion

of measurement on other types of assemblies will be treat-

ed In future m)ports.
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II. APPARATUS

A. Reaotor at Pajarito

The present experiments were performed using the tub-

alloy-tamped, Oy assembly oalled “Topsy” at Pajarito

Canyon. This reaotor will be desoribed aonpletely in a

future report. Topsy is desoribed

detail to indicate its funotion in

An over-all photograph of the

Figure 1. T}e tamper pseudosphere

below in only enough

the Rossi measurements.

re~otor is shon in

is on the platform at

the right antioontains approximately half of the aotive

material. Tle tamper thioknesa ie equivalent to about G~

inohes, whiok approoohes an effectively infinite thioknesa.

The oart is shown

extends unde~ the

on the ram iI the

at about the middle of the traok whioh

tamper table. A tuballoy oan is mounted

oenter of the aart. The lower half of

the aotive mterial is staoked in this oan. In operetion

the oart is zun under the tamper table end the ram is

raised hydra~lioally to assemble the tamper and aotive ma-

terial. These assembly operations are aooomplished by re-

mote oontrol from the oontrol room 1200 feet distant. The

assembly usufIly ia staoked so that it oontains almost one

arit when as:ernbled. It iE then brought up to critioal by

insertion of the oontrol rods* For suboritioal operation,

..* ● ● ✎ ✎ .m. ● m9’*
● o.e

● om

NC!mASSIFIEDI-
●m.6*6*** ●
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0ube8 of Oy ore-half inoh on a side and weighing about 38

.

grams, oan be ‘Fdmoved.

Figure 2 @ a phantom view of the a8sembled tamper and

oan assembly showing the relative positions of oontrol rods,

souroe tube, aud oounter tube (glory hole). The stove lid

arrangement fok supporting the upper pseudohemisphere of Oy
;

is nioely evid~nt in this pioture.

Figure 3 iEJa olose-up view of
.
—

unstaoked to show the aontrol roda~
!...-

travel is appr?xlmately 10 inahea.. !..

the tamper partially

The total oontrol rod

Control rod position

oan be read to;.001 inoh, elthough the settings are probably

not aoourate t? more than ●01 inoh.

The assemfilyhas been further unstaoked in Figure 4$

and the inner (Janexposed. The 4* inah 25 stovelid oan be

seen in plaoeo Approximately half of a paeudoephere of Oy

is staoked on %he stovelid and tiheremainder of the oan..

filled with Tu blooks.

In Figure 5 the aouroe jerk I’U90hani8mis exposed. With

thi8 equipment the souroe oan be removed quiokly. The souroe
.—

may also be mo~hd Up-and down slowly and stopped in any po-

sition. Mook fission souroes of various strengths were

available. The8e souroes were in the form of oylindere

0.40 inohes in diameter and 0.45 inohes long. Suoh a souroe

in the souroe jerk tube oould be moved down to within about

. ● ☛✘ ✘ .9. ● b. . .
,. —.— — ..0 b ● e

:
. . “o-id”:+ ● *::
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one inoh of the aotive material. In oertain of tho Rossi

runs, it wrisneoeseary to staok the souroe Within the aotive

material in order to produoe a sufficiently high fiseion

rate. A apeolal ~ inoh oube containing a oylindrtoal oavity

to hold the souroe was available for this purpose.

Either & inoh or 7/8 inoh diameter spiral Oy fission

counters (LA-1OO4)were used for all Roasi measurements.

These ohambers ‘uem oonstruoted by J. C. Hoogterp. The

deteotora oould be plaoed in the glory hole at any position

along the radiue of the reaotor without introducing too

great a perturbation. Figure 6 shows one of the spiral

ohambers in position in the glory hole and feeding into a

modified model 500 preamp. An exploded view of the apirel

ohamber and tuballoy and Oy pa~s in the glory hole is given

in Figure 7.

Figure 8 is a photograph of the oontrol room instrumen-

tation for remote oontrol operations. The left oenter seo-

tion of the oonsole oonsists of the oontrola for Topsy. On

the ri~ht mfiybe seen the five reoording metere for indica-

ting reeotor level. The three meters on the lower level

nre conneoted

meters reoord

whioh operate

to the s~fety trip monitors. The two upper

for the logarithmic and linear amplifiers

from BF3 ionization ohambers.
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B. Eleotronio Equipment

1. Model 200 Time Delay Analyser

The Model 200 time delay analyzer is aotuated by

pulses applied to input #1 for double input operation or .

to input#2 for single input operation. For a predetermlnod
..

period following eeoh initiating pulse, subsequent pulses

applied to input #.2are sorted and reoorded as they ooour

in 10 equal and adjaaent time intervala. ihen a suff’ioi-

ently large number of initiations have taken plaoe, the

number of pulses that have 8pp0Qred in eaoh of the 10 X%3-J

oording ohmne18 will give an indicatio~ of the time re-

lationship that exists between initiating and subsequent

pulses. In particular, the Eodel 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 selooted as follows;

0.5 4s:0. 10. +eo 300 4(s:0
1.0 30 u 1000
3.0 “ 100 “ 3000 “

.

A periodio gate is provided whioh may be used to oon~’

trol the initiation oirouit. Two suooessive time interval&

or gates ere generated independently and oontinuouslye ‘

~Ping an ‘on” interval or A gate open, the initiation will

● *m ●●** ● .
●:* :*. . .

● 9 ● *

●
● -~& : :. ::

● * ● ** ● ** .:. :*. ● , s
● * ● O* ● ● 80 ● ● 99*

●
●

● 0
●
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respond to the first pulse ooourring in that interval and

to no more than one pu18e per A gate. During the ‘Off”

interval or B gate open, the initiating aotion oannot

take plaoe. For eooh ohannel width there is a B gate dur-

ation whioh ia just 8uffioient to allow all transients to

cea8e after the opening of’the 10 ohonnels, Thuf3,re-

oyolir,gat a maximm safe rate is permitted and errors due

to too rapid re-oyuling are prevented.

If initiating pulses ooour only at relatively long

intervals, the aation of the periodio gote may not be re-

quired and it oen he switohed out.

The biodel200 time delay analyzer was origir.ally oon-

oeived by Edward ‘W.Dexter, who did not remain at Los Alamos

to see its completion. P. Glore and one of the writers

(C. iY.J.) oheoked the oompleted unit

oations whioh seemed advisable.

An overell view of the apperatua

be seen in Figure 9. It inoludes the

and made oirouit modifi-

in the oontrol room oan

time delay analyzer on

the right, and associated soalerss power supplie8 and the de-

lay calibrator on the left. One power supply ohassis ia be-

hind the oonsole and does not show in the photograph. In

Figure 10 a baok view of the time delay analyzer raok i8

shown. Figure 11 is a blook diagram showing the oorrtinuity

of the apparatus as established at Pajarito.

● *9 ● ● m* .m. . .●** ●
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a. Control Cirouit .

The diagram for the oontrol oirouit is shown in Figure .

12. Its operation will be disousaed in tho following six

,t3eotions●

(1) Initiation-gated. In double input operotion,

positive pu18e8 applied at input #1 fire blooking oscillator

V-101. Positive output pulses obtained from the grid wind=

ing of the blooking 080illator transformer are fed to the

oontrol grid .ofV-102, whioh i8 a gated amplifier. The period-

io gate operste8 on the suppros80r grid of V-102, and the ‘An

interval of the gate drives the suppressor positive, allowing

amplification of the pulse from V-101. During the ‘Bn inter-

val, the suppressor is held negative$ preventing the trans-

.nissionor amplification of pulaes~

The first pulse to arrive in aoinoidenoe with an “An

gate triggers a ‘flip flopn V-103 and V-104. The positive >

jump in voltage at the plate of V-104 triggers blooking ‘“

oscillator V-106, whioh in turn starts the weep whioh opens

the reoording ohannels. This gating prooess introduces

about 0.15 mioroseaond delay.

V-106 can be triggered only onoe per ‘An gate ainoe

the “flip flopn is unresponsive to further pulses until it

is reset after the ‘Aw gate ends. The reset pulse oomes

from differentiating the positive going wave foru on the

I

I
I
I
I

I
I

I
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to the end of the ‘A9:~R.~..~’‘1’~&$:1~$ iE amplified in

VIOGA and delayed 0.5 nioroseoonds before being applied to

the flip-flop. The 0.5 mioroseoond delay is inserted to

make sure the flip-flop will respond to the reset pulseo

The initiating pulse may oone at the very end of an A gate,

end the flip-flop needs nearly 0.6 mioroseoond after being

,triggeredbefore it will respond to the reset pulse.

For single input operation, V-101 is not used and blook-

ing oscillator V-108 reoeives all input pulses, through Input

+2. In both double and single input operation, V-108 supplies

pulses to be oounted in the 10 reoording ohannels but in the

latter type of operation, it must provide all initiating

pulses as well. tiymeans of S;Y-102,pulses

the oathode resistor of V-108 are routed to

to take the plaoe of pulses from V-101.

appearing aorosa

the grid of V-lbz

(2) Initiation Ungated. If gated operation is not

required, switohing SW-103 to U’NGATEoauses V-106 to be 4

triggered direotly by pulses from either V-101 or V-108, khus

bypassing tubes V-102, V-103, and V-104. Ungated operation

should be used only when the probability is low for aw8eps

ooouring in too rapid sequenoe to allow complete reoovery~

(3) Periodio gate. The A and B intervala whioh oom-

prise one oomplete oyole of the periodio gate are mutually’

independent and oapable of being varied betxeen wide limitil.

Two phantastrons (Eleotronios, April, 1948) are used,
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\’-llOnnd V-Ill. They differ from an elementary phantastron,

in two respects% (a) Cathode resistors ere used and oross

ooupling is enployud between cathodes and suppressor grids.

This positively ifisuresthat one phanlxstron is started

when the other reaohes the end of its oyole, with a rnintium

of undesirable interaction. (b) Eaoh phantastron uses

oathode follower ooupling (V-I09A and V-109B) between plati

azd control gridc To establish stable time intervals, a

phantastron needs a large plate resistor. This oonfliots

with the requirement for rapid recharging of the grid oon-

denser at the end of a oyole. The oethode followere supply

the recharging ourrent end permit rapid reoyoling.

Eaoh phantestron will operate at any duty oyole up to

about 97$with no appreciable ohange in period* For example,

a 100 mioroaeoond B gete may be used with any A gate from

3 to 3000 ~ seoonds. By switching grid time oonstants,

gate duretions of from 3 to 30,000 mioroseoonds are obtained.

The B + supply for

about 230 volts beoauae

in this oirouit reaohes

volts●

the periodio gate was reduoed to

the soreen dissipation of a 6AB6

its limit with a B + of about 250

A high impedance attenuator oonneoted between the ‘

soreen of the A gate phantastron, V-11O, and the -150 volt

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

8.0 ●- —
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the proper voltnge level. A ‘tspeed-upnoondezi6erii3incor-

porated to drive the supprosGor of V-102 sharply at the gate

edges.

The B gate durstions ohosen ere auffioient to allow

aomplete reaovery of the sweep oirouit for particular

ohennel widths.

Tube repleaenent in the periodio gate oircuit may

oause a few per sent ohange in gate durftion.

(4) The sweep oirauit inoludes V-105B, V-113, V-115,

V-116, and V-117. V-113 is a flip flop triggered in one

direction throu~h V-li)5B. Its negative ~oing grid is

oonneoted to tl.egrid of V-116* the sweep clamp tube. ‘iVhen

triggering oocursa V-118 is out off and tce plate voltage

rises. This rise is co.pled to the top of R-3 through

ci~thodefollower V-117, A constant aurrent is maintained

in R-3, oharging C-3 at a oonstant rate, whioh generates a

linear sawtooth of voltage or sweep. ?hen the eweop reaahes

euffioient aaplitude, feedbaok ocours through diode, V-115B,

thus resetting the flip flop a?d terminating the sweep.

R-4 is for tha purpose of edding a steep step at the

beginning of the sweep, and the orystal diode ~ids in

speeding up the disohorge of oondenser C-3 at the end of a

sweep.

The sweep is u8ed to open and oloae eaoh reoording
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ohannel in turn. One o?lannelwidth corresponds to & 15

volt rise on tkLesawtooth, Channel 1 is triggered by the

initial step at the stert of the sawtooth. A portion of

the sweep flip flop wave form is differentiated and sent

through oathode follower V-114. This provides an output

to a sealer to indicate the total number of sweeps.

(5) Input #2. V-106 is a blocking osolllator whioh

responde to positive pulEes from Input #2. It

on a minimum trigger pulse of 5 or 6 volts but

i~put operati~n it requires more than about 10

trigger tm fire twioe within 0.5 mioroseoond.

will fire

for single

volts of

An output

connection is provided to permit monitoring tinetotal num-

ber of times V-106 fires. The size and shape of the oathode

pulse is xearly independent of the size and shape of input

trigger. The nerrow pulses from the cathode of V-106 are

supplied to ooinoidenoe tutaesin eaoh of the recording

ohmnels and with single input operation, a lar&e fraction

of these pulse8 aat 8s initiating pulses as well. If a

pulse oocurs when any reoording oharn;elis open, it should

oorstitute a count in that charmel.

Only the top of the output pulse is utilized in any

reoording ahmnel and the effeotive width is found to be

0.05 microsecond or less. This blocking oscillator stage

serves a very usefil purpose since it oonvorts the input
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pulses, whioh are at le~at severel tenths of a nioroaeoond

wide and not zeoessarily of standard shape aridsize, into

uniform very narrow pulsee. The need for having narrow

pulses for this purpose should be olear if one oomidera

the question of chmnel overlop with 0.5 mioroseoond ohan-

nels, purtloularly in view of the faot that effective over-

lap of adjaoent oh~nnels has been found to vary as muoh 88

8 faotor of 2 between different poir8 of adjaoent ohannels~

(6) Bias Tube. V-107 is a oathode follower whioh

supplies bias volt~ge for the blocking osoillatora ~t a

sufficiently low impedanoe to preolude eny interaction

8mong them.

b. Recording Channe18

The oircuit diagran for the reoording ohannels is

shown in Fi~,ure13* Before beginnin~ a detoiled study,

it should be me~tioned thet all ohsnnels are alike with the

following miror exceptions: (a) Channel #l does not sup-

ply a shut-off pulee from its hlooking osoilletor sinoe no

o!-,annelexists aheed of it. (t) Charnel #11 oontaine

only a disorimirxtor, blooking oscillator and bias tube.

It exists for the sole purpose of shutting off ohannel #10.

(a) Odd numbered ohanr.elsoontain a bias tube V-6 whioh

supplies bias to the blooking oaoillators in two edjaoent

ohmnels. (d) iven numbered channels oontain a dual shut-off
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tube V-18 ‘whosepie.tes connect to ooinoidenoe tube sup-

pressor ~rids in two acljeoentchennels.

The eleven discrimjmtor oirouits fire in sequenoe,

esch fntervel oorrespor.dingto e 15 volt rise of the sRw-

tooth. This means that the linear portion of the sawtooth

must rise at least 150 volts. ~Vit]la 15 volt step at the

beginning, the overall amplitude needs to be 165 volts.

In praotioe, to allow a feotor of s~fety, the 8weep is made

longer than this by about one ohennel width or a total of

180 volts.

The eleven discriminators rsset themselves at the end

of the sweep with #1 being the last one reset. The firing

point of eaoh discriminator is adjusted by an individual

potentiometer. ‘Hi-ththe deley a~libretor to be desaribed

later, the discriminator settings can all be made in five

or ten minutes.

The equipment should be allowed to w8rm up for about

thirty minutes before n.akingfinal adjustments in the cIis-.

oriminetor settings.

The ooinponentaand action of the 10 reoording ohennels

are disauesed in the following four eeotlone,

(1) Discriminator and blooking oscillator. V-1, V-Z,

and V-3 oomprise a discriminator. V-3 is a oon8t9nt current

tube. Since V-1 is normally out off, V-2 oarries all the

~:
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aurrent until triggering ocours.

ourrent 18 swiftly transferred to

Nhen triggered, the

V-1 and the positive

jump in voltage or.the plate of V-2 i6 differentiated.

The ~aulting trigger oauses the bloaking 080illator V-4

to fire. Two simultaneous blooking oscillator output

pulses are obtained. The third winding, whiah is at a

..
c potential of -150 volts, supplies a shutoff pulse ta the

previous chennel. From the grid winding, whioh is nor-

mally at -15 volts, a steep positive pulse is applied to

the grid of a oathode follower V-6A.

(2) Gate forming oirauit. Coridenser“C” is quiakly

oharged to about 25 volts by the pulse on

It will normally remain in this oondition

ing oscillator in the next ghannel fires.

the grid of V-5A.

until the blook-

When this happens,

the shutoff pulse applied to the grid of V-18 aauaes a

pulse of ourrentwhioh iiisufficient to quiokly reduoe the

oharge on ‘C’$to zero. A diode V-5B prevent8 the potential

on *cn from going negati~e. Thus a small gate ie generated

whioh represents the open time of that particular ohannel~

The mlue of ‘Cn is not critioal, but for the narrowest

ohamel operation a value of 60 mmf was found to $ive euf.

fioiently steep gate,edgea. The edge8 are short oompared

to 0.1 mjoroseoond. For ahennel widths of the order of

milliaeoonde it is neoesaary to inorease ‘tCnto prevent too
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rapid discharging through the parallel resistor. A value

of 750 mmf is a good upper limit. If ‘C” is larger than

this it oannot be aharged and discharged reliably~

If there were no tube leakage ourrent, it would not

be neoessary to 8hUnt “Cn with a resistor.

two-thirds of all

0.5 microampere,

v-5. This is the

present otrouit.

stook 6J6’s show leakage

when used in the oathode

upper limit of allowable

Apparently about

ourrents of over

follower position,

leakage in the

Low leakage ourrent Is important, beoaueo

during lon~ intervals between gates, oondenser “C” will

oharge up. “tiith22 megohms in shunt, and a leakage ourrent

of 0.5 miaroampers, “C” will oharge to -11 volts whioh is

the tolerable limit, if the ooinoidenoe tube aathode is set
m

atz21 volts. For the greatest oh8nnel width of 3000 mi-

oroseoonds

22 megohms

duoed very

It is

tube8, but

a long time oonstant is needed. 750 mmf and

gives 16,500 miaroseoonds whioh oannot be re-

muoh.

unfortunate that the oirouit requires seleoted

there is no easy way to improve the situation.

Fortunately, the seleoted tubes have not ohanged noticeably

after several months use.

(3) Coinoidenoe Tube. The gate is applied to the

suppressor grid of V-7, whose oathode should be set at about

20 volts. The aontrol grid is normally at ground potential
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so all plfite,ourre~t is out off unless a pulse arrives at

the grid in coincidence with the gate on the suppressor.

In this ease an amplified pulse appears at the plate and

this sots as a trigger for the sealer ‘whiohfollows.

There is a 100 ohm resistor in series with each ooin-

oidenoo tube grid. The blooking oscillator V-108, feeds

all 10 of these grids in parallal. A oount-stop switoh

oan break the line whioh oomes from V-10d when it is desired

to stop the oount.

(4) Scalers. Two conventional

are used in eaoh ohannel using diode

scale of 2 oirouits

trigger tubes. A 6tJ6

driver tube operates a hierourytype register. To get the

aotual number of ooincidenoes from any channel the register

oount should Me multiplied by four and tho interpolator

light indications added.

The sealers in all 10 channels are reset by a single

\
push-button switoh.

o. Power Supplies

The following regulated power is required:

+ 300 50 ma. Top panel
+ 300-A 110 ma. Discriminators & bias tubes
+ 300-B 135 ma. Sealers & ooincidenoe tubes
+ 300 K) ma. ReListers
- 150 175 ma. Total

All the above voltages should come up simultaneously. If

tine t 300-A supply is not on when the $op panel voltages

.:s4** ●,

::0%-: i. :; 1
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are applied, the sweep oirouit oathode followr will draw
.

exoessivo ourrent and the 6.8 K-2W resistor must be replaced.

2. Remote E@ipment

For measurements involving the narrowest ohannels

(0.5 mioroseoond) of the Time Delay Analyzer, a number of

stringent requirementsmust be met. In order that pulses

may be aounted in the first ohsnnel, starting 0.5 mioro-

seoond after initiation, all pulses must be effectively

shorter than 0.5 mioroseoond. Overshoot or base line dis-

tortion following a pulse must be small to minimize any

undesirable influenoe on the seoond pulse of a pair. suf-

ficient gain must be available to obtain pulses of several

volts from fis8ion ahembers or possibly other types of

deteotors.

The model 501 amplifier and preamplifier meet the

above requirementswith minor modifications. A 0.1 mioro-

seoond RC olipping ttimeoonstant was used, 50 mmf and 2000

ohms. The output cathode resistor wae effectively reduoed

from 10,000 ohms to 1000 ohms to prevent lengthening of

pulses when working into severel feet of ooaxial oable

(See Figure 14).

A distanoe of 1200 feet separates

ment from the time delay analyzer~ To

the remote equip-

transmit pulses

— —
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over this distanoe, 75 ohm ooaxial oable is used terminated

in 75 ohns. It was found best to 100ate a disorixninator

at the remote or transmitting end so that pulses sent down

the oable are all the same size. At the reoeiving end of

the line all pulses are approximately

and between 0.25 and 0.4 mioroseoonds

the amplitude of the original pulse.

(Figure 14) has a reoovery time whioh

20 volts in amplitudo

wide, depending on

If the discriminator

is short oornpared

to 0.S mioroeeoond, two pulses 0.5 mioroseoonds apart will

have equal probability of tripping the discriminator.

3. Modified Model 200 Sealer

In order to provide aocurate oounting of pulses as

olose aiv0.5 mioroseoond apart ooouring in pairs, it was

deoided to improve the resolving time of an existing sealer.

The model 200 sealer normally has a resolving time of 5 to

7 mioroseoonds. A new plug-in aoaler unit was designed

whioh uses two 6SN71S and has a resolvin~ time of 0.4 to

0.5 mioroeeoond. The model 200 aoaler was adapted to use

2 of these fast aoaler unit8,thu8 providing a fast soale

of 4 ahead of the remaining standard stages.

The fast sealer uses oathode follower ooupling between

the two halves of an otherwise conventional soale of 2 *

oirouit. The oathode followers serve to remove some of the

.8. ● ● ** ● *9 ● 0●°: ● ● *O*
: ● m

v 32 -:0 ●0 ::
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oapaoitive load from the 8oaler

the impedanae through

The modification

ments. The $+ 8upply

but a larger filament

whioh the

platea, and greatly reduoe

sealer grids are driven.

resulted in inoreaaed power require-

in the Model 200 saaler is adequate,

tranafonuer was substituted. The

oirouit diagram QS modified is shown in FiOwre 15.

The discriminator was modified to supply a narrower

trigger pulse. This oau8ed a deorwase in ‘sharpness” of

pulse amplitude discrimination whioh is not serious, sinoe

all input pulses are praotioally the same amplitude, having

I oome through the discriminator at the input end of the

1200 foot ooaxial line, alao a blooking oaoillator in the

Time Delay Analyzer.

For high oounting rates it was neoessary to oonneot a

8eoond

giving

driver

Model 200 sealer in series with the

an overall sealing feotor of 4096.

tube wa8 removed from the first unit

modified model

The register

and a oonneation

made from the la8t soale of two to the 5.nputof the seaond

unit●

Two atxmdard Model 200 soalera were likewise oonneoted

in aeriea to reoord the number ot sweepa from the Time Delay

Analyzer. The faabe8t sweep oan ooour no oftener than every

10 miaroseoonds go the standard sealer is adequate.
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4. Delay Calibrator

The oirouit diagram of the delay calibrator is shown

in Figure 16. This calibrator produoes two pulses independ-

ently delayed and available either at separate outputs or

mixed on a oommon output. This permits calibration for

either double or single ohannel operation.

The two delayed pulses are controlled by phantastrons,

using 6AS6 tubes. ‘Yhen triggered, the plate voltage of a

phantastron falls linearly with time until in this oirouit

it is stopped by the oonduotion of a triode whose oathode

is conneoted to the plate of the phantastron. The grid

voltage of the triode whioh determines the stopping point
b

and thus the delay produoed by the phantastron is variable

over a wide range. When the phantastron plate is stopped,

the resulting sudden ohenge in soreen ourrent triggers a

blooking oscillator.

The two delay oirouits are triggered simultaneously,

either from an external souroe or by means of a built-in

relaxation oscillator whioh is synchronized with the 60

oyole line frequenoy to deliver 20 pulses/seoond.
%

Several ranges of delay are provided to permit aoourate

calibration of ohannel widths from 0.5 to 30 mioroseoonds.

When the calibrator is properly adjusted, by oomparing it

—
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with a frequemy standard and 8et to the appropriate delay

range, one revolution of the 15 turn Helipot dial corres-

ponds to one ohannel width.

Normally the ‘~o” pulse sots to initiate the aotion

of the Time Delay Analyzer and the “main” pulse is used for

calibrating purposes. When both pulses

#2 from the ooamon output, and the Time

for single ohannel operation, whiohever

will aot as the initiating pulse and if

is appropriately delayed it will appear

are fed into Input

Delay Analyzer set

pulse ooours first

the seoond pulse

and be oounted in

one of the ohannele. Sinoe there is considerable overlap

between the ranges of delay of the two pulse8, it is pos-

sible to determine the interval between initiation and the

start of oh’annel//1. This is done by moving the “main” ,

pulse on either side of the To pulse and noting the time

difference between the two points ivhe~ ohannel}l just

starts to count. One half of this time difference repre-

sents the delay in the start of ohennel -#l.

A motor drive is provided for the ~mainn pulse. This

is neoessary for calibration of the narrowest ohannele in

view of the faot that the 0.5 microsecond ohannels overlap

by amounts varying between 5$ and 10$, thereby increasing

their effeotive widths; Nhen the calibrator is switohed to

motor drive, tke ‘mainn pulse oan be made to move at a rate

I
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whioh corresponds to one nominal ohannel width per minute,

thus taking 10 minutes to move through all ten ohannels.

This is done using the internal pulse generator whioh sup-

plies 1200 pulses per minute synchronized with the power

line frequenoy. After ~ oomplete 10 minute run through all

ohannels, the number of

ohannel gives a measure

inuluding overlap. The

pulses in exoess of 1200 in eaoh

of the effeotive ohannel widths,

motor drive is reversible and pro-

vide,jwith limit switohes. hoouraoy of the oglibrator has
-/

been shown to be within 1 to 2$ over periods of several

months●

Due to switoh position limitations, the calibrator is

not capable of’calibrating ohennels wider than 30 mioro-

seoonds. It wss intended to be used only for narrow ohannels.

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

cable with larger time oonstants associated ‘withthe phantas-

trons. The motor drive feature is not neoessary for ohannels

wider than 30 mioroseoonds, sinoe these will overlap oon-
.

siderably less than 1%.

\
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III ‘J!,HEORY

A. Fluotuations

It has been observed that fluctuations exist in a near

oritioal reaotor that distinguish this type of souzwe from

the usual random souroe. Theee fluctuations may be ex-

plained on the basis that a single neutron in the assembly

may initiate a long ahain, so that for a short time inter-

val, the reaotor may aot as though it were superoritioal.

Since in reality the assembly is 8uboritioal, every chain

e must be finite and eventually deofiyas

N zIio edt, ~

where thed in this ease is negative. If one observes the

reaotor on a time soale that is of the order of l/&, these

fluctuations may be observed and measured. The deoay time

(@) for chains in tie observable region of oritioality

is short oompared to the shortest delay neutron period even

for a reaotor as slow as the water boiler, so that delay

neutrons play no part incX observations exoept in-as-muoh-as

they may serve to initiate long ohains. At prompt oritioal

on the average a neutron ahain lasts forever when fed by

prompt neutrons alone, so that~. equals zero. Aotually at

prompt critical the level rise8 rapidly beoause of the in-

creasing sourae due to delay neutrons. If one introduoea

— — —
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a strong souroe into a maator, and then suddenly removes

8u0h a aourue and watohes the prompt deo~y of the assembly,

he is making a direot measurement of the deoay oonstant<.
.

Amore subtle meaaumment suggested by Rossi and referred

to as the Rossi Method makes use of the smaller order fluc-

tuations resulting from ahains initiated by single neutron%

The Rossi l%thod then instead of measuring the average be-

havior due to a large number of’ohains observes individual

ohaine end then averages after data is aooumulated for a

great number of prooesses.

The value of~ depends upon (1) Kp -oritioality and

(2)~’ -mean life of a

icality determines the

determines the average

It oan be shown that

&
.

neutron in the assembly. The orit-

average length of ohains and~o

time between fissions in a ohain.

K -1

=%%---”
B. Rof38iMethod

The development of the theory for

has been published elsewhere (Feynman,

LA-1033), and so only the oonsequenaes

will be considered below.

2

the Ro8si experiment

LA-591, and Frisoh,

of this development

The following equation is approximately oorreot for
-.

any ohain reaator near oritioal. Sinoe & m~asurements are

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.-
● o ● ** ● 0
● ** ●°0 : ●m.●
● *O.* ● ● S*
:: *O* ● me●em*...:

, 80 :Oe ●*,***

.9 . . . 9.* 88. .8. ● .
● aeeo

● ● * ● * :::e :● : ● a:*O
● ●:0 : ●:0 ● 99 ,0

made near critiaal, equation 3 may be considered validz

P(t)dt s

where c~

E=

%2 =

Y=

TO =

K
P=

EX2
Cdt t .

2Y z To (l-Kp)

chamber oounting rate

ohamber effioienoy in oount8/fission

twioe the average number of pairs of neutrons
per fission (sebond moment)

average number of neutrons/fi68ion

mean life of a neutron in the assembly

prompt multiplication faotor

This is an equation for the statistics of oounts from

neutrons originating in a ohain reaotor. P(t)dt is the

probability for a oount at time twithin an interval of

time dt following a oount at t = O. This equation indioates

that fluctuations exist in a ohain reaotor that do not ex-

ist in a random souroe. The aeoond tezm on the right of

equation 3 is a measure of these fluotuations~ The proba-

bilities for a random souroe would be simply

P(t)dt ~ Cdt 4

where the probability of a oount at time t in an interval

dt following a oount at t s O depends only on the oounting

rate and the width of the time interval- From the definition

of a “random souroen we know that this probability should

● ☛✎☛☛
● ☛ ● 9V ● ● ● 8*
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be independent of the time t.

oritieal, the exponential term

998=
● 0●:D :*O ● O

For a reaotor far from

approaohea zero beoause of

a large negative%and the statistics beoome those of a

random aouroe. The interesting term from our point of view

is the seoond term on the right in equation 3. The =lue

of’this term may be obtained by measuring probabilities for

“ooinoidenoesfrom pairs of neutrons and subtracting a

background term (Colt)due to aooidental aoinoidenoes, i.e.

ooinoidenoes between neutrons not in the same ohain. The

ten ohannel time discriminator previously desoribed is able

to measure P(t) dt for all types of near-oritioal assemb-

lies. -

The measurement of~is quite straightforward. A plot

of P(t)dt - Cdt on semi-log papar gives a straight line

whose slope is & ● The interoept of this straight line at
,

t = O in addition gives a value for

E(2 dt
●

2~2% (l-Kp)

This quantity is of no value unle8s 8omt9 of the quantities

appearing in it oan be determined independently~ The

average number of neutron8 per fission i8 of Oourse quite

well known for both U-235 and Puo Some discussion of the

, :0 ● -* ● ● ● 00

,

I
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other constants and methods for their measu~ment is in

order.

1. Determination of E

The determination of the effioienoy, Es of the oounter

in oounts per fission is more direot than any of the other
I
I

oonstants although the”preoisic+nwith whioh E oan be found

I

\

is q eationable.

One approaoh is to measure the tot81 fission rate F

I
Of t 9 reeotor. Then knowing the input oounting rate C,

the ;fioienoy is C/F. F oan be measured by two general

math dss
r
(a) Adireot measurement of the fission rate at some

kpoin in the reaator plus a measurement of the fission rate
I

dist~ibution aoross the oore.

(b) Aoentral sourae multiplication experiment.

?!hefission rate at a point in the reaotor oan be

I
mess’red by the foil-fission oatoher teohnique or by the

T
use ‘f a fission ohamber containing a known “effeotive”

?

!
amou t of U-235. Using the ,;,easuredfission rate at some

r, t e overall fission rate may be found by an integration

or a summation over the oore using the fission rate distri-

buti~n aurve. In either of those methods some calibration

expe~ime~t is necessery in order to measure ebsolute fission

1’
I

—
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ratea. The

the oatoher

oounts from

most convenient calibration method is to oompare

activities and the Oy ohamber aounts with the

a standard Oy oha:nberin any arbitrary flux.

The standard Oy ohamber is a parallel plate fission ahamber -

containing a known quantity of U-235 whioh will oount 100%

of the fissions ooouring in its U-235. Suoh ohambers uan

be constructed. One then has a deteotor whioh will measure

absolute fission rates. The aoouraoy of the calibration

depends primarily on how well the amount of material in the

standard ohamber is known. A small spiral fission ohamber

calibrated in this manner rikGs a convenient probe to meas-

ure fission rate distributions throughout an assembly with-

out introducing serious perturbations.

The seoond method for determining the effioienay of a

deteotor ooneists of determining the fission rate in a

reaator by means of a multiplication experiment. The net

or leakage multiplication is defined in LA-335 as

M: l+Qf(W-l-(%) 6

where the introduction of one reutron results in the pro-

duction of Qf fissions. For a fast reaotor the value oft%,

the ratio of non

small and oan be

be written as

fission oapture to fission oaptum, is

negleotid. The overell fission rate oan

l?’=S.Qf

.“:-”:A9:-“:”:’0:“.
● me

●
#*

● ●* b ●* 9 ●

—
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where S is the aouroe strength. There are two main 6ouroes

of error in this measurement: (a) the sourae is not a true

fission souzme, and (b) the sourae strength, S, is not

known aoourately. The error due to (a) oan be minimized by

making the multiplication m+eesurementswith a long oounter

geometry whioh hae essentially Q uniform response to neu-

trons of all energies involved.

Determination of%

Conaidereble’work has been done on establishing a value

the dispersion of the number of neutrons per fission,

sinoe the probability for predetonation of a bomb de-

pends direotly on its value. ~ is defined by

7

where V is the number of neutrons per fission and Pv is the

probability for the emfssion of Vneutronse The quantity

whioh we usually oalllf ieIaotually F , the average num-

ber of neutrons per fission. hleasuzwmentsof% have been

made by DelIoffman(LA-101, LA-183, LA-183A) who studied

fluctuations in the water boiler, and byde Benedetti

(MonP-437) who used ooinoidenoe oounting to get fission neu-

tron angular correlation whioh was used to oaloulate~2.
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Deteruminationsof,% have agreed on a

than 4 for U-235. A value of 4 would

ioio
●
● ::
● ** ● 0

value slightly higher

mean 2 neutrons per

fission 50% of the time and 3 neutrons per fission 50% of

the time. The ~alue 4 is not outside the range of error

in the experiments. The value of
%

is probably known to

about 2@e

3. Determination of%

very little aan be 8aid about a direot experimental

determination of~o. If<oan be measured by the Ros8i

&thod and
\

for the assembly oan be a8signed, then ~.

follows. Other than

estimates ofyo must

ate for an all-metal

4. Determination of

thi8 possibility the theoretical

be used. They should be fairly aaour-

spherioal assembly~
.

k

The value of the reactivity oon8ixmt for a ohain

reaotor is probably the mo8t abstraot of all the oonatants.

There are no good methods for an abaolute measurement of K.

Any reaotor oan be aoourately eet at K ~ 1, but any SK

fZ’Om ~is Value is diffioult to detitine, For a 81OW ree~

tor an absolute measurement of K has been made by the

‘boron bubble~ mathod. (LJ%=103S). otherrelatiVe? n8a8ure-

ments oan be made by introducing sudden ohanges in reactivity

●*8 ● ●:0 :*-●e●*9
9“4%-::.:!
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(oontrol rod jerk), by introducing sudden ohanges in level

(sourue jerk) and by positive period measurements (LA-1033).

All of.these measurements give K in terms of~or $f.

whereY is the relative effectiveness of delayed neutrons

for produoing fission in the assembly oompared to the

prompt neutrons and f is the fraotion of neutrons whioh

are delayed. These quantitie8 are not reedily measurable

nor aoourately knownO

Two new schemes have been oonoeived$ (a) h active

material“interchangemethod for an absolute measurement of

K, and (b) A modulated souroe method of determining $ K

in terms of ~fo These methods appear to have some merit

and are disoussed below*

(a) Determination of K by an aotive material inter-

change method. This method is besed

replaoe an element A m of OY with a

whioh differs from the Oy only in V

upon being eble to

speoial Pu element

, the number of neu-

trons per fission. This means that the Pu element will

oontain a fewer number of atoms wan the Oy element as de-

termined by their relative oross seotiona for the neutron

speotrum existing. One wishes the total fissions h the

Pu to be the same as in the replaoed element of Oy for

eqqal re~otor level. Uhen the number of etom8 in the

speoial Pu pieoe is adjusted in this fa8hion, one aan assume
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that scattering and non-fission prooessea are oloeely

enough the same for the two pieoes thet their effeots oan

be negleoted when the I% and Oy pieoes are interchanged.

If a oube of Oy be replaoed by a aube of Pu as speoi-

fied above, essentially all that happens is that the awrage

~for the assembly has been

given approximately by

AT=

that is, it is the difference

multiplied by the fraotion of’

ohanged. This ohange will be

(-r /yJ - V25) Am
m

iny between Pu and Oy

the assembly in whioh the

8

ohange takes plaoe. Either the ohange must be effeoted

in an ‘averagettposition in the assembly or several ohanges

should be made, distributed properly over the assembly.

Hear oritioal one oan say that

$__=K

where 70= is the number of neutrons per fission that.

would be neoe8sary to make the assembly just criti.oal~

Then

AK=- .~49-V25 ~,m 9-—
~ or Vor m -

The experiment is performed in the following way.

Replaoe a oube of Oywith I%. Run the assembly just up to

s

::: :“&-”:”::’:“:
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oritioal, when

Then replaae Pu with Oy and run the control rods to the

same position as before when the assembly will be suboriti-

aal by an amount given by 2. hbve the oontrol rod until

the aasembly is just critioal again. This then gives a

motion of the oontrol rods equivalent to a known Ax.

The above experiment is an elaborcte and rather touohy

one. Performing this experiment oan only be justified by

the faat there exi8ts no known better method for a direot

measurement of K.

(b) An intermittent sourue method ofdetemnining

~ K in terms of ?$’f. The conventional souroe jerk ex-

periment provides a simple means for mea6uring $ K in

teX’m8of %’ f. Unfortunately, experimental ,diffioultie8

have not penuitted aoourate measurements by thi8 method.

The ourve below shows the reaotor variation during a souroe

jerk.
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The sourae is suddenly removed at A. Then the following

equation holds near critioal;

Experimentally it is very difficult

breakaway point B with any aoouraoy

delay neutron periods.

g

to determine the

beoau8e of the

It is proposed that a aouroe in the oenter of

assembly be suddenly turned on for sey one seoond,

short

the

turned

off suddenly for one seoond, and this 2 8eoond oyole re-

peated oontinuoualy. This oan be aaaomplished either by

means of’a speoial modulated soume or by a meohanioal

motion of the 8ouroe. Possibly a much shorter oyole can

be aooomplished. The figure below shows the effeot on the

reaotor of euoh a aouroe.

I

NL———--- ___ ________–A

I

TIME
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Level A is the statio levwl the reaotor will attain if the

souroe is left in oontinuoualy. Al~lclDfEl ~~ns~~t~te~

one ooxnplete oyole for the souroeQ The

A1.B~ s D1.C$ ~ A-B where A-B refer8 to

the previous figure of the conventional

value of .

the jump ehcwn in

souroe jerk. This

jump in all oases is due to the prompt rnultiplioationof

the souroe. It is planned then to soan the region A’B$ or

CtDt with a 10 ohannel time discriminator whioh is 8ynohro-

nized meohanioally with the souroe.

obtained with this instrument should

ourve below.

A plot of the data

be similar to the

t--f-mm”’
COUNTS

,
12345678910

CHANNEL

Points oan be obtained at millisecond intervals on either

side of the souroe jerk time~ A-B oan then be aoourately

determined with the intermittent souroe experiment while

A is easily found from a statio experiment. The aoouraoy

of the determination of $ K will depend upon how rapidly

a souore oan be ‘turned on or off” in the as6embly. It is

neoe8sary only that the ri8e tine of the souroe be small

● a* ● ** ● *
‘>”y~o : :6 ::
●
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oonpered to the shortest delay neutron periodo

F. de Hoffman (LMS-179) has disouased a moduleted

souroe experiment in wiiiohthe souroe is turned off and on

at very high repetition rates. TkLemodulate souroe exper-

iment and the intermittent souroe experiment are in no

sense equivalent and are used to study two completely

different ei’feots.

I

I
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IV EXPERIMENTAL

A. Control Rod Calibration

The oontrol rod ohareoteristioswere among the first

oonaiderationswhen Topey was originally assembled. Sinoe ,

small ohanges in oritioality were usually made by moving
.,

the oontrol rode it was ~eoessary to get aa oomplete a

oontrol rod calibration as possible. One would like to

‘havea ourve relating oontrol rod motion to AK, but this

is very difficult to obtain. Nultiplioation vs. oontrol

rod position ourves were obtained and measurements were

made of positive period vs~ aontrol rod position.

The latter measurements resulted in ourves suoh as

Figure 17A. One oontrol rod aoaordlng to the ourve ia 2S.5

.oents on this oritioality soaleo Measurements showed that

the two oontrol rod~ have very little interaction so that

the total travel of the two oontrol rods ia then equal to

a ohenge

positive

based on

in oritioality of 47 oents. The relation between

period and oents oome8 from 0a10ulQtr3dourves
,1

delayed neutron periods. The equation for the

oaloulation has been published

“y●:
● 0

● .* ●:0

>
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where usually the delayed neutrons are 8plit up into 5

groups with deoay periodsTiand relative abundanae ai.

T is the resulting pile period. The equation is valid , I
for all T>>’fi. Various investigators do not agree exaat-

ly on the delayed neutron data. For example, refer to

Physical Review, Vol. 74, Xo. 10, pages 1330-1337, November

15, 1948.

The control rod oalibretion in oents oen be oonverted

to absolute units of AK by multiplying by ~f and divid.

ing by 100. The freotion of neutrons delayed has been

taken as .00755 for U-235 (Phys. Rev. Vol. 73, No. 2, pages

11-124), while ~W 1 for a mall netal assembly. Using

these values, Curve B in Figure 17 results.

By means of iriter-rel~tionsexpleixed in LJ1-3315,oen-

tral souroe multiplications oan be oonverted into ~K.

The reletions used are

MA = 4/S (for high multiplications) _2

where M refere to net or leakage multiplioetions, T to

total multiplioetions, the subsoript o to oentral souroe,
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and the subsoript n to normal mode

multiplioetions then the following

● ● 9*
● ● ** i

● ● 00 o I. .e.
● 00 : :

8ouroe, For high

relation is approximately

true;

AK: 4/3 y-l -A 1. ~

v ~

Assuming ~~- 2.S and- very small,

AK Z4/5~. g

M.

Applying the above equation to the multiplication vs. oon-

trol rod position, data results in Curve C in Figure 17.

B and C agree quite well.

Positive period measurements were also made by going

‘ into the delay oritioal region by the addition of oubes of

Oy to the 0uk8id6 of the eotive pseudosphere. These p08i-

tive periods were then oonverted to oents and the result

plotted in Figure 18. Extrapolation of the ourve to 100

oents give8 426 gm of outside Oy between delay and prompt

oritioal. Comparison of Figures 17 and 18 gives 200 gm of

outside Oy (5022 half-inoh oubes) equivalent to the two

oontrol rods near oritioal~ The mass’difference extrapo-

lation bet~een delay and prompt oritioal is impo~tant for

fixing the position of the point for~ s O in the Rosei

measurements.
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B. Measurement of Reaotor Fission Rate

1. Multiplication Method

Central souroe multiplication measurements

using a calibrated mook fission souroe (MF#5).

were made

In Figure

19 these multiplications are plotted against logarithmic

amplifier deflections. The logarithmic amplifier was

always set to a standafi deflection before any measurements

were made with it, by meana of a radium-beryllium source

in EJstandard position. This prooedure assured using the

log amplifier et the ssme sensitivity level from day to

day. The log amplifier was intended to have a range of 3

deoedes full soale but Figure 19 shows thet the range was

a little less than this. The ourve for the fission r8te ‘

vs. log amplifier deflections w~s oaloulated from the oen-

tral souroe multiplioationa and the souroe 6tren@h

s: 8.45 x 105n/seo by the use of equations land 6 in ‘

Seotion III, giving

F SS M-1 . {L

-VT
These multiplication measurements were repeated at

various times and aatisfaotory agreement obtmined.

I
.—
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2. Calibrated Chamber lkthod

A speoial perallel plate

oonstruoted by J. C. Hoogterp

fission chamber (F 252) W8S

having a good geometry and

a thin Oy ooating of a known thiokness~ The ohamber was

filled with speotrosoopio argon and the pressure adjusted
)

,to give maximum pulse heights. The total amount of U-235

in the ohamber was 11.1 mg. spread out to a thioknees of

0.15 mg/om2.

A discriminator bias ourve ~or this ohamber is given

in Figure 20. The horizontal slope of the ourve at zera “

discriminator setting indiaat+s that all fissions are “

oounted at this point. At the discriminator setting of “

20 used, the oorreotion for low pulses wae the faotor 1.10;

A 7/8 inoh spiral fission ohamber (2S22) was oompared with’

this

,“ ,

ahember in a standard flux, The data appears below.

TA8LE I #,

Ratio of oounting rates 2622/F262t 16.4
Mass of U-235 in F 2523 11.1 mge .
Effeotive mass of U-235 in 2522: 182. mg. ,1
Chamber 2522 was plaoed in the oenter of the Oy

:1
assembly and the aasembly run up to power. Presumably the

,,
ohamber now oould indioate fission rate per gram in the ‘

,1
aotive material immediately surrounding the ohamber pro-

vided the perturbation due to the ohamber was not exaessive.

Fission ohamber oounting rates and logarithmic and linear “’

● ● ☛☛ ● .,e ● ** ● O
*e

● : -:6~ - : : : :b ● :* ●*
● * :000

●0 9*9coo900 ● 00 9*
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amplifier reading were reoorded. The determination of

fission rate for one of th060 points follows.

TABLE 11

Counting rate S 22.35 S/m Soale 4096
Fission pu18ea/sea. ~ 1.63 x 103
Fissions/gm Boo. = 8.38 x 10S
Log amplifier s0.31
Mass of Oy in assembly : 17.94 kg.

The radial fission distribution relative to the oenter

had been mea8ured with small 25 spiral ohambers. Using

this data the following table was oompiled.

TA8LE III

r p F=8.38x103Ft
Distanoe from Relative Absolute 47T~r2F
oenter in om. fission rate Fission rate

o

1

2

3

4

5

6

7

8

1.00

.996

●96X)

● 886

.800

.711

●81.o

.496

.400

8.38x103F/gm 800

8.34

8.05

7.41

6,70

5.96

5.11

4.15

3,3s

o

1.96 lilo6

7.56 “
t

16*7

25.2

35.0

43.I?

47.8 ‘

60.4

A plot of oolumn 4 is shown in Figure 21. The area “

under this aurve up to a radius of the Oy core should .\

yield the total fission rate of the assembly. The .

● 9, .●’0 y“;” ;“” :“:
•::*~*

● m#&iIii●
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o~loulated radius of a 17.94 kg oore of’ density

out to be 6.12 om. Aooording to the area under

18a7 turne

the ourve

then, for 100% oonoentration Oy the total fission rate

at a log amplifier reading of 0.31 would be 1.11x108 fis-

sions per seoond~ Sinoe the Oy in the assembly averaged

only 94$ oonoentration, this value must be reduaed @to

1.0SX108 fissions per seoond. Comparison with the results

of the previous multiplication method (Figure 19) ShoW8

that the agreement is very good. Corresponding fission

rates for other

the above value

rate ratioao

po.tierlevels may be obtained by multiplying

by the oentral spiral ohamber oounting

C. Roasi Wasurementa

1. Rossi Run at Critioal

The oomplete

will be disou8sed

prooedure involved in measuring an&

by desorib~ in detail a typioal run

with the

The

a single

reaotor at delayed or5tioal*

eleotronio apparatue was designed to operate with

Input ohannel or a double input ohannel. In the

double ohannel t~ of’ operation, two spiral fission oh~.

bersareused with two separate amplifiers feeding into

the timing apparatus. One ohannel (initiating ohannel)

● 0. ..OO
● : -;.69”;”;“”;“:

●
● : 9 ●*

::●0 .** :*G .:. S*O ● e

● *

:
●
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provides neutron pulses whioh initiate the timing sweep.

The ten aoinoidenoe o~rouits then modrd pulses from the

seoond ohamber-amplifiernetwork (oounting ohannel) whioh

oaour within the interval of the weep~ This oyole is

repeated by subsequent pulses from the initiating ohannel~

i?henthe oirouits are switohed over to single input

operation, the first neutron pulse whioh oomes along initi-

ates the sweep and the next following pulses ooming from

this same input are reoorded in the ooinoidenoe ohannels

and consequently their tiimeseparation from the initiating

pulse is measured. Single input operation was usually used

beoause of the greater oonvenienoe in using only one ohamber-

awlifier combination. Also the insertion of a single spiral

ohamber into the assembly resulted in less perturbation.

The requiremantc on amplifiers and pulse shap5ng are muoh

more stringentwith single input operation beoause then one

has to resolve two pulses from the same anplifier about

0.5 nioroseoond apart. The requirements are even more

severe than this. Sinoe pulses from the amplifier have all

variation of pulse height, it i8 neoeseary 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 completely reoover before the seoond pulse

oomes along, then the seoond pulse may be shoved up or down

—
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by riding on the tail of the first pulse and the relative

probability of deteoting the seoond pulse will be ohanged.

Using pulses originating from two different amplifiers

the pulses oannot interaot and quite wide pulses oen still

give gocd resolution if one looks at their initial fast

risee Single input operation 8eemed to be quite satisfactory,

Some small oorreotions had to be made to oorreot the first

three ooinoiderme ohannels when half mioroseoond ohannel

widths were uaed~

The table of Figure 22 gives the data and oaloulations

involved in a

ere neoeasary

obtained.

Run #2$C

typioal Rossi run at oritical. Some oommnts

to explain the way in whioh the data are

was made at delay orltioal 80 no Bouroe waa

neoe~sarye For the metal assembly the deoay ia”so rapid

that either 0.5qseo or l.Oflaeo ohannels are neoe88ary.

The first ohannel delay is the time between the initiating

pulse and the opening of the 1st timing

neoessary to know this time in order to

ab801ute time position of the oenter of

respeot to the initiating pulse. Gated

neoesaary beoause of the low effioienoy

ohannel. It is

determine the

eaoh ahannel with

operation was un.

of the deteotor.

Fission rates were obtained by the log amplifier deflection

and Figure 19.
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Channel width8 were adjusted with the double pulsSr~

The dividing lines b~tueen auooesaive ohannels were set

0.S mioroseoond apart. The final effeotiva ohannel widths

were obtained by driving the delay helipot in the double

pulser with a 1 rpm synchronousmotoro This mm’ps the

delayed pulse through the 10 ohannels at the rate of 0.5

mioroseoonds per minute. If the ohmnels are exsotly O.5

mioroseoonds wide, one gets 300 register oounts per ohannel~

Any oounts over the 300 are oon8idered aa overlap and a

ohannel overlap aorreotion was obtained~ It oan be seen “

that the average overlap was a little less than 10%. A

final oorreotion to the ahannel oounts had to be obtained ‘

due to the faot that pu18es within about 1.5 mioroseoonds “

of eaoh other were not completely i.ndependent~This oor-

motion, oalled a random aorreotion, was applied to the

first three ohannels. It was obtained by using the Rossi

apparatua with a random souroe~ With the random aouroe i! .

was found that the first three ohannel oounts were lower !

than the expeoted value and a oorreotion faotor was ORIOUA1

lated whioh would just bring them up to the expeoted. “

These two oorreotions were then incorporated into a singld’

faotor for eaoh ohmnel whioh was used to multiply the “

observgd ohannel oounts in order to get the oorreoted

value. I
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The oorreoted

oulationa● P(t)dt

Rossi da+a were

for any ahannel
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*en used for the oal-

n ia ju8t the evarage

number of oounts

e.g. in the time

equals the total

ber of times the

reoorded esoh tim the ohannel is opened,

interval 0.5 qioroseoond, Thiu obviously

oounts in the ohannel divided by the num-

ohannel is openedo As an example, in

Channel 1 the totel oounts were 4004 x 4 and the number of

tinms the ohannel was opened wa8 given by the sweeps or

485 x 4096. The faotors of 4 and 4096 enter beoau8e the

ooinoidenoe ohannels were aoele of 4 and the sweep sealer
6

was soale of 4c)96. Thus

[P(t)dt] = 4004X 4 * 806 x 10-5 Q

486 X 4096

One oan write a general formula whioh takes into aooount

the soeling feotor8 and the result ts

where Cn are the Ohamel oounts (Soale of 4) in the nth

ohannel and S ia the aweep register aounte soale of 4096.

The background term or Podt is the number of oounts

whioh would be expeoted for eaoh opening of a ohannel if

the input pulsee were ooming from a random souroe instead

of a ohain reaoting assembly. This is the ohanoe ooinoidenoa

rate per ohannel opening and is oonstant for all ohannels.

I
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The background term

the ohannel width.

under consideration
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oounting rate times

The input oounting rate for the ease

was 514 x 4096 divided by 1800, the

I time in aeoonds, Consequently

\

Podt s 514x 4096x 0.5 X 10”6: 58x 10+.

1600
A general formula for this term is

I/t X 3.41 X 10-5

where I is the total input soales of 4096 and t is the ttmo

of the oount in minutes- ,

Subtracting the ohanoe ooinoidenoe probability from the

total ooinoidenoe probability yields-the related ohain

ooinoidenoe probability Podt~ In terms of the quantities

of Equation 3 of Seotion 111, the relationship is as folhwe~

P(t)dt ~
&t ‘

Cdt + =8 e dt

Zv%o(l-xp)

or, in abbreviated notation,
$.

P(t)dt s Podt + Podt.
0,

A plot of Podt against t should be a’utraight line on uemi-
,, .. ,

log paper with a slope & and an interoept at t : 0 of

lQ$ dt
●

2V2To(1-Xp)

Figure 23 shows this graph. The probable statistical errors

are indioatid.
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This run is typioal of’the runs near critioal. Conditions

are not so favorable suboritioal and eventually the back-

ground term beoomes so large that a limit is reaohed due

to the statistical uncertainty of the points. TWO or more

separate runs wexw made at eaoh oritioality.

The slope of the ourve for#23C yield8 anti of .

0.36x 106.

1-K
P = .36 x 106

‘rO

At delay oritiiaalegeume 1-
%

o ~ 2.1OX 10-8.T

s .00756. Henoe we get

Tha evaluation of the interoept is at present not too

reliable due ohiefly to the uncertainty in the determination

of the fission rate of the reaotor~ From

intwoept is

~ dt - 1.08 x 10-2.— -

2V2To(l-~)

the ourve the

E, the effioienoy of the oounter, is the input oounting

rate divided by the fiesion rate or

E = 514x4096 ~ 0.975 x 10-5

1800 X 1.2 X 108

oounts per fission. Substituting the values for E,lf, and~

“:”~ -“y7g” :“;

;=
::: O:.: .9*

● we
●**** 9*8*
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the following relation ie obtained.

YCE = 2.88 X 101O.

To(l-~)

The above inter-relationbetween ~z, To, and 1+$ is the

thing that one gets experimentally from the interoept

value. If one believes the previously mentioned determina-

tion of To and aooepta .00755 for l-~ at K=l, then sub-

stituting their value6,~ s 4-6 ia obtained.

It should be pointed out that the values deduaed above

aro not presented as being authoritative but are simply

illustrative of the manlpulation6. The results above are

based on a single 30 minute Rossi run where a determination

of & was stressed rather than an evaluation of the inter-

oept. It is planned to direot some experiments apaoifioally

at thi8 evaluation at a later date.

2. Determination of dti/hm aqd To

Measurements ofd were made at varioua values of

Am removed from oritioal. The8e measurements were

aooomplished by ramoving ~ inoh o,ubesfrom the outside of

the pseudosphere and replaoing them with tuballoy. It i,a

true that the8e oubes were not always exaotly equivalent.

In the pseudoaphere type of assembly not all oubea whioh

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛

●
●

●
● w

●

9* ● ee ● ee ●:* :00 be
● ● ● *

8 :Oe::a. e
99 ● O● : ● 0

● ●:0 : ●:0 :eo● 0

were removed were in identioal geometry with respeot to

the oenter. These differences were not great, however,

and should oeuse very little error. Figure 24 gives the

plots of Rossi data at the varioua oritioalitiea. The

departure from oritioel was expressed in terms of oubes

of Oy, in gram and in

data are summarized in

oentral souroe multiplioationO The

the following table.

TA8LE IV ‘

cubes An 1/% 04 l-KP To

o Ogm.o .367 X 106 .0076 2.07 X 10-8

-2 -76.6 ●oo170 .415 .0000 2.16

-4 -153 .00335 .470 ●0103 2.19

-6 -230 .00606 .642 .0116 2.14

-8 -306 ,00675 ● 607 .0130 2.14

-10 -383 .00845 .661 ●0143 2.16

+426 o 0

Avg~ 2.14x 10-8 aea.

The value of Am ford= O (i.e. prompt oritiaal) was ob-

tained as previously mentioned by positive period measure-

ments. The value of 1-~was obtained by adding .0076 to

the value of 1-K obtained from multiplication measurements.

?0 was oaloulated foreaoh run fromtihe measured value of

a( and l-~. The resulting values of~o appear to be
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essentially oonstant with an average value of 2.14 x 10-8

8eoond8● One would not expeot’&o to vary xnuohovar the

small range of oritioality considered herec

The data from Table IV are plotted in Figure 26. The

3 -1 -1
slope of curve A gives a value of d&/dm ~ .82 x 10 gm see. .

This value is a faotor of two higher than a previous

measurement (LA-374). In the previoue measurement, however,

10Wer enriOhmOnt Oy wes used (79~vs. 94%). Also, the pre-

vious geometry did not permit ohange8 of mass at the out-

side of the aotive sphere. Changes were made in the oenter

and a oaloulation was made to get the eq~ivalenoe between

inside and outside oubee. The present measurement then

should be more reliable sinoe it was more direot aridwaa

msde with higher enrichment

3. Other measurements

materia10

a. Perturbation due to ohambers An attempt was made

to eee if the finite size of the ohambere seriously affeoted

the value ofti . The deteotors used were as small as

oould feesibly be ueed. Two sizes of spiral fission ohambers

were available with d5.ameter8of ~ inoh and 7/8 inoh.

Measurements ofti at delayed oritioal ware made with eaoh

of these. The ohambers were plaoed in the oenter of the

aotive pseudoaphere in onier to perturb the assembly as

●** ● .:e ●*, ●*
●’* : u ● m

: ● *●*.=$l:- : :- * .::
●e ●e* 9** ●** ● *@ ●*
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I

muoh as possible● ‘Withinstatistiua, the data from the

ahambers of different sise were identioal~

A seoond series of measurements at oritioal was made

by plaoing the 7/8 inoh spiral ohamber in the oenter and

making a run and then plaoing the ohamber at the oralloy-

tuballoy interfaoe and repeating the measurements. Again

no effeot of the ohamber oould be deteoted. It appears that

with the small ohambers used in the present measurements,

any perturbations due to the presenoe

negligible.

b. Double ohamber operation~ A

of the ohamber are

few test runs were

made at oritioal using separate initiating and ooinoidenoo

ohambers. As was stated previously, in this typo of

operation ooinoidenoes are observed between a pulse from

one ohamber-amplifier combination and

seoond ohamber-amplifiercombination.

completely independent of eaoh other,

ments are not so stringent and better

another pulse from a

Sinoe the pulses ars

the amplifier require-

resolution near xero

time i8 possible. Exoept for this one advantage, single

ohennel operation is preferred beoau8e of Its greater sim-

plloity. Tests with double input operation were made simply

to assu~ ourselves that no error was appearing with the

single type operation. Neasuremente at oritioal were identi-

oal ueing either single or double input* About the only

●O* ●-e ●*
“:L”& ;0 ; :* ; :
● a* 9*

●* ●OO ●ee●:0 :.* ●.
“.~ 4JNC1ASSIFIE6

-.-e● 0--●..●
●*●** ● * ●*
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I difference one might ●xpeot would be due to

random oorreotion mentioned previously. No

tion is

O*

oubea;

ter was

●,0

.* I
so
● e
● *
● *
● * I

an error in the

random oorreo-

neoessary with double input opemtion.

Suboritioal nsaauremente of~ by removing oentral

‘I’hevariation of< with mass removed from the oen-

Investigated in two ways: (1) Removing ~ inoh oubes

from the oenter and replaoing with tuballoy; (2) removing

& inoh oubes from the oenter, leaving voids. In eaoh aase

the oritioal condition was obtained and then the desired

number of oubes removed from this configuration. It was

found that replaoing oralloy with tuballoy yielded an

appreciably more oritioal assembly than with the correspond-

ing configuration containing voids. ‘l’hevariation of X

with m for (2) above is inoluded in Figure 260 Compar580n

of the slopes for inside and 0u%8ide oubes gives a value

of 2.87 outside oubes equivalent to one inside oube*
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V. CONCLUSION

It should be remarked again that the purpose of this

report is to serve as a primer for Rossi measurements.

Apparatus and procedures have been described in great detail*

The present report will be used as a referenoe for subse-

quent measurementf30 In addition, possible experiments haw

been suggested and it is hoped that they may be performed

in the near future.

A few remarks should perhaps be made regarding the

present measurementaO The value of~ itself should be of

considerable importenoe. Although the measured values here

are in a oritioality range far removed from that involved

in atomic weapone, comparisons made at these oritioalities

should hold qualitatively in the far superoritioal region. .

For exapple, if the~ foranoralloy assembly is lower in

a WC tamper than in a tuballoy tRmper in the neighborhood

of delayed orltioal, one would expeot this also to be true

when highly superorltioal. Thus comparisons of aotive

materials and tampers made in the laboratory should be

valid for bomb oonsiderations~

It is questionable whether the measured velue of

d &/~ has much signifioanoe. It would seem that a

measurement ofd&/d7 would be more appropriate in
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that d=’/d
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of implo6ion waapons. There is a possibility

oould be determined over a limited range by

making Rossi measurements at different temperatures, The

present Topsy assembly would not be suitable for suah

measurements sinoe a ohange in density of the oubes might

not

the

for

result in a oorreeponding average ohange of density over

whole p80UdOSpher90 A solid Oy acme would be neoessa.ty

temperature measurements.

It is not as yet oertain how muoh information oan be

obtained from Rossi measurements about other oonstants of

a oritioal assembly. A pretty good evaluation of?. oan

oertainly be obtained. To is important for oaloulations

of bomb effioienoies.

Any information about K or 1$ is important, and the

Rosai apparatus seems to be the bed tool so far devised

for an absolute measurement of K. Onoe K has been deter-

mined, other quar!titiesimmediately follows suoh asY2 and

~ or possibl> even f. ~ ia important since it enters

direotly in predetonation probabilities. r and f are of

no particular interest for weapon design but are very im-

portant in predicting pile behavior.

It would be over-optimistic to expeot 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 eqlor@ p$P9uatgQY8....
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