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ABSTRACT

Xeasuremonts Of g--ray actitity have been made i~edj.ately f’ollow.

in~ pulses of tho “dragon”, both by means of an ionization ohamber and a counter

shielded with Iegd. The activity is given in ouries per fission in the period
.

from a few milliseconds to a few seconds after fi~siono The absolute calibration

is uncertain because of unknown absorption, but the results join on reasonably

smoothly to earlier results for Ion:er delayse
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SIiORT:P!3RIODDELAYED GAW.?ASF’ROUFISSION OF 25

Introduction and Summary

The delayed gamma-ray aoti%ity of the

reoently made by Group G-l was measured at times

pulsed fission

varying fron a

source (mdragun”)

few milliseconds

to a few seconds after the pulse. The relative intensities at different times

are believed correot to about ~ 20 pa’oent$ but the absolute intensitioss owing

chiefly to uncertainty about the self-absorption of the dragon, might be wrong by

a faotor of two, This aoouracy is,

features of further tests involving

on 49, are desirable.

however, sufficient for anticipating the general

25. More aoourate measurements, particularly

Measurements were made (a) with an

one inch of lead and (b) with a Geiger Mtiller

having a wall thidsness of about two inches.

ionization ohamber surrounded by

counter in a standard lead ~pig~~

&oh deteotor was calibrated in

terms.of a radium (plus produots) source plaoed outside the loadB the number of

fissions in eaoh pulse was measured by G-1 by means of the rise of temperature of

the aotive material, and the delayed aotivity was thus obtained in curies per fission.
.
Reasonable agreement was found not only between the counter and the

ohamber measurements, but also between measurements analysed as above md measure-

ments in which the ‘prompt” gamma-ray pulse was reaorded and its si~e used to esti-

mate the number of fissions in the pulse. Finally, our ourve joins reasonably

well to the measurements made at Chicago on longer-period activities.

Methods of Observation

(a] Ionization Chamber—.

The ohamber was of parallel-plate conwtruotion with an eleotrode

separation of 1 om,and was filled with air at atmospheric pressure. The collection
. .
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voltage was 103OV, giving a collection tivm of about half a millisecond the

volta;e developed aoross 1 megohm by the ion ourrent was amplified by a battery.

driven dc amplifier and recorded by an oscilloscope and 3.R, moving-film oamora.

The whole electrical aircuit had a time-constant (measured experimentally by super-

posing a sudden increment upon the 10MV polarizing voltage) of 8 x 10”4 sec.

The ohamber was slung by rubber oords within a one-inoh.wall lead box

and was 76 cm from the center of the dragon. A calibration reoord was made on

each film by bringing a 200_-mcradium souroe to a fixed position. In order to

have the convenience of a large deflection, t~is position was within the lead box,

and a separate comparison was made between this deflection and that obtainod with

the souroe at a ‘knownpoint outside the lead. A small neon lamp,

mains and placed immediately in front of the oscilloscope soreen~

marks at intervals of 1/120 second.

(b) Counter

run from 60-oycle

provided +2u.ue

The counter was placed in a Z“-wall load ohambor at a distance of

18-1/2 meters from the drqon~ the neon-lamp indicators of the “4”, “8”, “16”,

“32” and “64” stages of the scale-of-two recordor were mounted irmqediatelyin front

of the oscilloscope so that the counter reoord was obtained on the same film as

the chamber record. Calibration was performed with a 10-mo souroe at a standard

clistanoeoutside the lead.

The oorreotion for loss of

in a semi-experimentalway by finding

mentary formula
.

correoted rate
=

observed rate.

oounts at high rates of oounting was obtained

what value of the saturation rate in the ele- .

saturation rate

saturation rate - observed rate

—-

——
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gave consistency between reoords taken with pulses of various magnitudes.

Records

Typioal records for fission pulses of different sizes are shown in

Figs. la(chamber only), and in Figs. lb, 10 and ld (ahamber and counter). ~inm

the osoillosoope spot, deflecting in a direotion parallel to the line of neon

lamps, was displaced from that line by an amount equivalent to 6 mm on the record,

tho oounter reoord must be moved by 6 mm to the le$’tin order that the time-scales

of oounter and ohamber reoords shall agree. Bearing this in minde it will bo seen

from Fig, ld that the counter shows olearly the existence of an aotivity having a

period of only a few milliseconds, as well as other activities of larger periodti

.
evident in the other reoords. These short-period gammas are also to be seen in the

ohamber reoordso but there it is possible to argue that they might be due to slow

collection of a few ions from the main pulse (for example~ Ions formed in the

amplifier box drifting to the grid-lead). Their registration by

their reality though it cannot, of course, show whether they are

produats or are due to some other prooess suoh as the capture of

the counter proves

emitted by fission

delayed neutrons

in the tamper. xt will

oounter “blooksW during

Evaluation of Results.

G--loperated

be noted that exoept with the smallest pulse (d) the

the “prompt” pulse.

three suooessive arrangements

10 UHIO oore, BQO tamper, surrounded by several inches of lead,

20 UHIO oore, BeO tamper$ no lead.

3. UH80 Iattio& oore$ BeO

The first of these was olearly not very

inhoinogeneousoora of the third made it

tamper, no lead.

sdtable for absolute meas~ementss the

impracticable to infer the number of

.-
.
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fissions frcm the rise in Immperatures and therefore all absolute measurements

(i.e. measurements expressed in ouries/fissions)were based on the seoond arran3e-

inent, Relative measurements on the third dragon are, however. of interest, and

are disoussed belox%

being .Inknown.

The chief

“self-absorptionWin

they are expressed in terms of ouries, the number of fissions

difS+oulty in analysing the results is the correction for

the dragon. The oore and the tamper were not of simple

geometrical shapes the distribution of fissions within the sore was not accurately

known and the absorption and degradation of the gammas depend upon their unla20wn

energies, Now all measurements were made through a

and Chioago measurements have shown that the gammas

energies not far from these at whioh heavy elGments

considerable thiokness

emitted at later times

are most transparent.

of lead~f

have

It ther6-

fore seemed reasonable to assume that the short-period gammas reoorded by our
..

apparatus had an absorption ooeffioient of .03 om2/gm in 25. The effective

absorption coefficient in the BeO tamper was taken to be equal to the Compton

scattering ooeffioient in that material for lo9-31evgammas -- viz:$ .042 om2,&=.

The core and the tamper were taken to be cmbioal, and the activity was assumed to

be uniformly distributed within

assumptions the self-absorption

might well be

the absolute

It

scattering of

wrong by a faotor

evaluation of the

a sphere inscribed in the core oube. On the above

oorreotion oomes out to be a faotor of 6, but this “

of 2 and is the greatest souroe of unoertsinty in

measurements.

should SISO be noted that no correction was attempted for the

gammas by the ground~ this correction is very small for the ohamber,

which was considerablynearer to the dragon than to the ground, but might be

appreciable for the oounter which was muoh further from the dragon.—_ .._
-------_— —— .

-=====
-
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Resultt3

(a) Comparison between oounter and ionization ohamber.

In spite of its heavy shielding and great distance the

more sensitive than the chamber} the overlap between their ranges

counter was muoh

of effective

measurement was however enou~h to provide a comparison, Fig. 2$ giving the rosu.lts

of two pulses (Nos. 524 and 531) from the third dragone shows olose agreement for

524 but a ratio of about 3:2 for 531. The aounter was oertainly les8 reliable

than the ohamber, for its plateau was not very wide and fts sensitivity could not

be oheoked very frequeritly,”owingto the neoessary safety restrictions on the

entry of personnel into the experimental room.

The oounter was installed as a oheok that no fundamental or large

systematic error was present in the ohamber measurements or their evaluation and

the agreement is sufficient to give confidence in the chamber measurements. It

should be pointed out that

only if the delayed gammas

hardness.

(b) Comparison

the aounter and the ohamber should give identioal values

and those il?omthe calibrating souroe

of various pulses from UH~0 dragon.

were of equal

Figs. 5 and 4 show results of ohamber measurements (expressed absolutely

in ouries/fissiou]made on six different pulses of varying size from the seoond

(UHIO) dragon. The scatter of thelpoints is suoh that one would estimate the

aoouraoy of the mean ourve to be of the order of ~ 10 peroent if it were not for

the muoh greater systematic error arising from the uncertainty in the self-absorption

aorreation. The points marked 9 were obtained. at the s~ggestion of MO Deutsoh*

from a pulse in whioh the aotivity was so small that the area beneath the “prompt”

pulse could be measured and used a8 a measure of the number of fis8ions. Deutsoh

and Rotblat’s value of 5 14ev$ of prompt gamma-radiatiQn.&r fission was useda and

“ m!!!+ .
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one ourie-seoond was taken as equivalent to 7.4 x 1010 !4ev. If the prompt and

the delayed gammas had the same hardness, thi8 method would be independent of the

8e~f-absorptionof the dragon~ the good agreement with the other points (in whiohe

as already explained,

fissions) givee some

wa8 not far wrong,

the ri8e of temperature was u8ed to estimate the number of

hope that the estimate of 6 for the self-absorption oorreotion

(c) Comparison of decay ourves from UHIO and UH80

F5.gs.5 and 6 show that the shapes of the deaay ourves from the UHIO

and UH80 dragons are 8Ub6tantially identioal. Sinoe no temperature measurements

were made in the U~o (lattioe) oore, the number of fissions wa8 unknown and the

~so ourves were moved up or down to seoure the best fit with the UHlo OUI’VO.

(d] Comparisen with Chioego measurements

Fig. 7 shows a portion of a graph, kindly supplied by E, Segr~, that

summarizes Chioago values for delayed-gamma-ray intensity at times

than those to whioh our measurements extend. Our measurements are

same soale$ the oonversiou faotor between ouries and Mev/seo being

somewhat later

plotted on the

taken as beforeg

to be 7.4 x 1010 (i.e., 2 Mev of hard gamma radiation per radium ohain),

The disorepanoy between the two curves is probably a fair illustration

of the uncertainties of the absolute value determined by us. It maybe mentioned

that Fig. 7 is so plotted that If the tnten8ity varied inversely wi.thtime a

horizontal line would be obtained.

I

. . -—-—
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