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SUMMARY

Gammaradiation emitted by selected fallout samples
coliected at Operation REDWING was spectrometrically
analyzed for the purpose of determining its characteristics
(expressed in terms of absolute photon intensities for each
discernible gammaline) as a function of time after shot.

Since the absolute photon intensities are given and most
samples represent known fractions of the area of the fallout
collectors, one result is that dose rates in the vicinity of
the collecting site can be calculated.

Another important result of the analysis suggests that
Nabecomes an increasingly important contributor to the
radiation hazard from fallout at _ times after detonation
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ADMINISTRATIVE INFORMATION

This report is one of a series of technical reports on the gamma-
ray spectra of fallout samples collected at various weapontests.

| Previous data has been reported in this laboratory's USNRDL-420,

31] August 1953, USNRDL-TR-32, 26 January 1955, and USNRDL-TR-106,
27 August 1956. The sample study reported here was conducted in
conjunction with Project 2.6.3, Operation REDWING.

The work was done under Bureau of Ships Project No. NS 081-001, |
Technical Objective AW-7, and is a continuation of that described °

‘ as Subtask 6 in this laboratory's report to the Bureau of Ships,
DD Form 613, July 1956. Similar work is described under Program 9,

| Problem 1], in this laboratory's Semi-annual Progress Report,
. 1 July to 31 December 1956, Progress Report USNRDL-P-1l,

January 1957.
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TOTAnalyses nave been made at USNTDL with a single-chann.1 »

amma-ray spectrometer, OF radiation emitted by 21 selected

radicactive fallout samples collected by Project 2.6.3 at

the Sprinzs, 1956, weapons test series known as Cperation

NEDWING at tne Pacific Proving Grounds. These measure-

ments were made to determine the spectrometric character-

istics of the fallout radiationversus time ana to compare

these characteristics for consistency among samples from

the same and different shots. -«

The present work is a continuation of the spectrometric

analyses of fallout gamma radiation which have been made at

Operation UPSHOT-KNOTHOLS at the Nevada Test Site in 1953},

Operation CASTL= at the Pacific Proving Grounds in 1954°,

and Operation TEAPCT at tne Nevada Test Site in 1955 3°",

taking advantage of further refinements in instrumentation

and analyzing technique,

Project 2.6.3 collected samples of various types at

several ship, barge and land stations and returned them

to NRDL by air. This rapid return allowed analysis to

begin as early as 51 hours after shot time--a notable im-

provement over the earliest-time receipt of 4 days accom-

plished at Operation CASTLE, Other samples requiring

specialized handling, i.e. weishing, aliquoting, evaporation,
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etes, reached the investicitci vt various tlinas, some eas

laces as ten anys after shot tirc.
 

The results show absolute vhoton source strensthns
 

for each enersy from the various samples, wnile in previ-

ous reports only relative line intensities were given,

Since eacn sample constituted an accurately determined

portion of the matertal taken from a fallout collector

of known area, an estimate can be made concerning the

total gamma source strength per unit area in the vicinity

of the collecting site.

Other than reporting quantitative information on “e

photons emitted per square inch of fallout collection

area, this exveriment exemplified better organization

and preparation in other ways. The samples were pre-

pared in standardized containers so that changing geo-

metry was never a problem. ‘The spectrometer was "well-

seasoned” and dependable and was used without modifica-

tion throuzhout the course of the experiment. The instru-

ment was improved by the substitution of a Moseley X-Y

plotter for the Brown recorder. Finally the analysis

itself was made simpler and more consistent by the

use of a better way of measuring peak areas.
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TESTRUMENTATION

A gamma-ray photon is detectable only by means of

the enersy it loses in an interaction or interactions

with matter. Gamma-ray photons lose energy by three main

processes: photoelectric effect, Compton effect, and

positron-negatron pair production. The cross-section for

each effect is dependent on the energy of the gamma-ray

photon and the atomic number of the detecting material.

The enersy given up by the gamma-ray photon under- “€

soing any of these processes ultimately manifests itself

in the molecular excitation of the detecting meterial.

Many organic crystals({such as anthracene, stilbene, and

diphenylbutadiene Jana many inoranic crystals(such as

thallium-activated sodium iodide, indium- or thallium-

activated lithiumiodide, and potassium iodide) relieve

this excitation in the form of useful scintillations of

light whose predominant color depends on the crystal.

The intensity of the light flashes produced in these

materials is dependent (in some cases, linearly) on the

energy of the incident photon (provided it is totally

absorbed). These light pulses are detected by a photo-

multivolier tube which converts them into elettrical pulses.

3
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These pulses are amplified then analyzed according to

peak voltase and counted.

Nal(T1l) crystals are in wide use today as camma-

ray detectors because of their high efficiency ana linear-

ity. The disadvantase of tneir beings nysroscopic is larsely

overcome by sealing them hermetically in thin-walled alumi-

num containers.

For this experiment a special sample holder was made

for the spectrometer which allowed the bottoms of the

sample containers to be placed 2 inches above the top of *<

the collimator (a 1/2-inch hole through 6 inches of lead)

and centered without further adjustment.

The 4-inch in diameter by 4-inch long NaI(T1) erystal,

5-inch Du Mont photomultiplier tube, preamplifier and

housing (Fig. 1) were the same as those used in the analy-

sis of the data from Operation PEAPOT? and are more fully

described elsewhere.’

The output of the preamplifier was fed into a Tracer-

lab non-overloading linear amplifier whose output pulses

were analyzed by an Atomic Instrument Company Model 510

pulse height analyzer, the variable base line bias of which

was provided by a helipot, motor driven through its renze.”

The output voulses from the analyzer were fed into
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an WiDLedesicnea’ count-rate meter. Tnis count-rate

meter nas 7 scales ranging in sensitivity from 10 counts

per second full scale to 1000 counts per second full

scale, Tne output of the count-rate meter controlled the

Y coordinate of a Noseley futocraf X-Y plotter, while the

x coordinate was varied by the base line bias of the

analyzer. A modification in the form of 2 potentiometer

in series with the X input allowed fine adjustments fo be

made in matching pulse heignt to particular lines on the

recoraing paper. <A sypical recording made by the X-Y

recorder is shown in Fis. 2.

Tne resulated hizh-voltase supply for the photomultic

plier tube was constructed from a UCRL design.

PROCSDUTE

Tne fallout samples were supplied by Project 2.6.3

in 3/4-ineh in diameter by 2-inch in length polystyrene

containers each containing approximately 50-1000 micro-

curles total activity. . Descriptive information about each

- sample, tne effective fallout area it represents, and its

associated shot is listed in Table1<

Samples were obtained from 2 types ofcollectors. Tho

cloud sample consisted of material caught on a filter paper

through which a representative sample of air was drawn as

an aircraft flew throuzh the cloud followingthedetonation,

 
—

* The tables asveer at the end of the text.
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6,7 was designed toThe open-close total collector (OCC)

collect and hold fallout material wnile reducing to a

minimum the amount of extraneous material deposited both

before and after the collecting period. Wnen trigsered

either by an increase in radioactive backzround or by hand,

the cover of the device opens and a collecting tray rises

into the wind stream for the preset exposure time (variable

in 15-minute increments between O and 81 hours). The tray

has an effective collecting area of about 2.5 square feet

divided into numerous cells to reduce loss of material dupe

to wind. Samples, other than cloud samples, were obtained»

from this type of collector mounted on converted liberty

ships (xAG's), barges (YFNB's) and “How Island.

After collection the fallout material was flown back

to the Laboratory and aliquotes by Chemical Technology

Division. The aliquots sur2plicd to this section for analy-

sis were placed in the polystyrene containers and prevented

from shifting, in tne case of cranular or pulverized samples,

by tne addition of a small amount of paraffin.

The machine was calibrated so that on "standard" gain

the total absorption peak of a 100, 200, or 300, etc., kev

gamma ray would be centered on the 1/2-inch, l-inch, or 1-1/2-

inch, etc., line on the recordine paper. This calibration

was accomplished first by careful zero-setting of the X-Y

8



recorder and analyzer, and then by varying the gain of the

amolificr and the fine pulse-heinht adjustment on tne recor-

der until total absorption peatts from standards of known

samma energies (He 203 | Na2S ana cst37) fell atv the appro-

priate positions on the recarding paper (Fig. 2). It was

found that tnis calibration was very stable, requiring only

an occasional small adjustment in the zero-set control of

the recorder to allow for variation in paper placement and

ruling defects on the paper. That the equipment was essen-

tially stable in the Y direction was snown by periodic

checks with the 60-cycle test position of the count-rate :

meter and by the linearity of the decay curves on semi-

logarithmic paper of the calibrated standards.

Pulse height spectra were recorded for each sample on

standard gain (3 Mev full scale) and on "high” gain--

amplifier gain increased by a factor of four (0.75 Mev full

scale)-~in those cases where the strength of the sample

allowed it. How long the taking of periodic recordings of

each sample could continue after shot time before the count

rate became too low for statistically significant results

depended of course, on the original strength of the sample.

On nearly all of the standard-gain records, a calibrated

22
Na standard source was recorded on the same sheet ina

different color ink, while on the high-gain records a

9
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calibrated Hz203 source was used. This use of the calibrated

standards allowed a constant check to be made on the stabil-

ity of the equipment (see Appendix I).

ANALYSIS OF DATA

The pulse hetght spectrum of a monoenergetic gamma ray

consists of a total absorption peak and continuous "Compton"

distribution. If the energy of the gamma ray is above 1.02

Mev, pair production begins to take place and one of two

secondary vesks is contributed to, according to whether one
 eeneee

or both of the annihilation quanta escape from the crystal.

The peaks all have the shape of normal distribution functions

or "Gaussians" because of the statistical nature of the

photoelectric effect and the secondary-emission phenomenon

inherent in the operation of a photomultiplier tube.

If two incident gamma energies are present, the lower

is superimposed additively on the continuous Compton dis-

tribution of the higher. An example of the idealized

adiition of three different monoenergetic gamma raysis

shown in Fig. 3. As more gamma energies are added the

resulting confusion becomes progressively worse. (If the

higher energies are above 1.02 Mev, the presence of

annihilation radiation escape peaks further complicates

the spectrum and thus the analysis.)

10
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PULSE HEIGHT, V

Fig. 3 Addition of Three Total Absorption Peaks
at Different Energies and Their Associated Compton
line)Bons Showing the Resultant Spectrum (heavy
line).
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In order to untangle these overlapping distributions

and arrive at the basic gamma lines, a method of graphical

unfolding is used. One starts at the highest-energy peak

present (assuming that it is not superimposed on the Compton

distribution of a still higher energy) and measures the area

under the total absorption peak. Then knowing the peak-to-

total ratio (the method of ascertaining this ratio is des-

cribed later) for each energy, one can calculate the area

of the Compton distribution. After drawing in the Compton

distribution of the highest energy, the process is repeated

for the next highest-energy peak using the Compton of the “«

highest energy as a base line. The process is continued

until all the energies present are analyzed. Knowing the

resolution of the instrument for each energy, one can tell

whether there is only one enerrsy contributing to a particu-

lar peak, or two or more unresolved energies present, by

the width of the peak. The resolution (width of a peak in

kev at half-maximum height) was determined by measuring the

resolution for several total absorption peaks of known energy

and plotting the results (Fig. 4).

In order to facilitate the measuring of the photopeak

areas and to aid in estimating the relative size of two

unresolved peaks,a series of Gaussian curves of predetermined

widths, various heights and,thus, known areas, were drawn by

means of a Gaussian curve generator (see Appendix II). By

12
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Fig. 4 Instrument Resolution Versus Gamma Energy
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Fig. 5 Crystal Interaction Probability, v, Versus
Gamma Energy, E.
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superimposition of the suitable Gaussian on the pulse height

spectrum with the aid of a frosted~glass light table, the

area of each total absorption peak was determined without

tedious measuring with @ planimeter. For errors incurred

by this measuring system see the section on errors. .

The ratio of absolute photon intensity to total absorp-

tion peak area 2s some function of the energy of the gamma

ray, I/A = T{E). For the determination of the graphical

relationship between I/A and E, it was first necessary to

a@scertain further machine parameters and other energy-

dependent factors... These were:

; (zp) Crystal interaction probability, v. This ~~

is simply the fraction of incident photons of a par-

ticular energy which interacts in the crystal and is

given by:.

v= 1 -exp(-n,X)

where HW, is the total linear absorption coefficient

for gamna raya in sodium 1odide® and X is the crystal

length. For a@ crystal 20.16 cm (4 inches) in length,

‘vy versus E is shown plotted in Fig. §.

(2). Peak-to-total ratio, w. This factor iis deter-

Mined experimentally byrecording the spectra of several

sources of known gamma energy and measuring areas of the

total absorption peaks and the areas under the total spec-

trum, The rretios of these areas plotted against energy

14
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furnish a fairly smooth’ curve. Tne peak-to-total

curve characteristic of the machine used in the present

experiment is shown in Fis. 6.

(3) Counts per second per square inch in the

total absorption peak, C. This number is a constant

of the machine and is found by dividing the number of

counts per second per inch of deflection in the Y direc-

tion by the channel width in chart inches. The channel

width used throughout the experiment corresponds to

O.1 inch on the chart paper and the total Y deflections

is 10 inches. Then for the 200 c/s scale, C is 200,

(4) Source reduction factor, Kk. This factor is

the fraction of photons leaving the source which enter

the crystal and takes into account effects of collimator

penetration, finite extension of source, and solid angle

subtended by the crystal from the source, assuming @ .

point source and an opaque collimator. These effects

are discussed in some detail in a theoretical paper by

“R, L. Mather of this laboratory.” Derived from informa-

tion contained in this paper is Fig. 7, showing K, the

source reduction factor for a point source, versus r,

the distance of the source from the collimator axis.

To find the average source reduction factor, K, to account

15
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Fig. 6 Ratio, w, of the Area Under the Total
Absorption Peak to the Area Under the Entire
Pulse-Height Distribution Versus Gamma Energy
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Fig. 7 Fraction, K, of Source -notons =ntsring
Detector Versus Off-Axis Distance of Point Source

for z= 5 ine, a = } in.
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‘for the finite extension of the source, it was necessary

to perform the followings numerical intesration:

f*
Fe Krdr

[*

o rar LC
 
 

where Yr, is the radius of the extended source, Tne

determination of K is somewhat simplified by the fact

that K is constant over part of the ranse of r, 1.e.:

K = e2/l6(z = b/2)® (or <2/2).
——— 

where @ is the collimator diameter, b the collimator

thickness and z the distance from the center of the -

collimator to the source. When r is larger than a/2 :

and smaller than az/b, K is some function of r determined

graphically by intervolation and derived from Fig. 9 of

Mather's paper. For values of r equal to or larger than

az/b, K vanishes.

To make the reduction factor XK, enersy dependent,

i.e.,to include penetration effects, an approximation?

is used. Penetration is a function of gamma-ray energy

and the increased aperture due to increased energy is

‘approximately the same as the geometrical aperture of

an opaque collimator two mean-freeepatns less tnick.

For the particular geometry involved in the present

experiment, the values of the machine parameters are as

follows: _

13



a= 1/2inceh

z 5 inches

ro = 3/5 inch

b = (6 - 2/1) inches

where 1/u is the mean-free-path of gamma radiation

in lead.

K was evaluated by means of numerical integra-

tion for values of E (and corresponding values of

b) at 200-kev intervals between O and 2 Mev and at

3 Mev (Fig. 8). oe

The absolute photon intensity is a combination of these

various correction factors, i.e.:

I = AC/vwi

A graph of I/A versus E is snown in Fig. 9. After reading

the energetically appropriate I/A from the graph, the number

was multiplied by the area of the total absorption peak of

the corresponding gamma ray to obtain absolute photon inten-

sity of that line.

RESULTS

The absolute photon intensities with their estimated

errors are listed for each gamma line of each record in

Tables 2 and 3. The abbreviated sample notation used for

19
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brevity in Tables 2 and 3 is explained in Table 1. ‘Yable

il contains the information obtained from the standard gain

recordings and Table 3 lists tne proton intensities found

from the hish sain (4%) recordings. Secause of the increase

in resolving power some lines which were unanalyzable or

undetectable on the standard gain records became analyzable

on tne nish cain records.

The data have been left in tabular form to make the

information more readily accessible to those who wish to use

it.

ERRORS . oC

In actual practice tne analysis is more difficult than

might be assumed from tne description in the Analysis of

Data section for the following reasons:

(1) The snape of the Compton distribution is known

only approximately for a given energy even thouzh its

area is known fairly accurately. Even if the snape

were accurately Known, it would be mechanically diffi-

cult to draw such a distribution in with a predetermined

area. For tnis reason a straight line is used for the

Compton distribution, with the resulting rectansle having

the proper area, It is found, however, after drawing in

this rectangular representation of the Compton distribu-

tion several times and getting the "feel" of the machine,

that the base line for each succeeding peak can be

_@stimated with similar accuracy

21
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‘ana considerably greater speed. Lither way, of course,

this approximation contributes to the overall error, the

errors becoming progressively csreater toward the lower

energies.

(2) If two or more energies are present too close

together to be resolved, one can draw two or more

Gaussians of the proper width beneath the broad peak

representing these unresolved energies, but it is dif-

ficult if not impossible to determine which of the ener-

gies is preponderant. In this case one can do little —
r

° more than estimate. The enersies present in this way.

therefore have larger estimated errors associated with

tnem.

(3) Because of statistical fluctuations dueto the

low count rate on many samples, the curves drawn by the

X-Y recorder are not smooth ani the size of the peaks

is somewnat questionable. On records where low count

rate exists, therefore, the associated errors are esti-

 

neers
mated to be larser.

~ pa

For comparison between areas determined by superimposition

of genersted curves and areas measured vith the plenimeter, sev-

eral total absorption neaks were measured Sy both methods. The

. dispsrity between those peaks so comrsred renged from 0 to 2 per-

cent. This error is in gencral less then the ststisticel error.

 



found by takings the square root of the total number of counts

contained in a rectangular area whose width is determined by

the width of the Gaussian at the point where it ceases to

coincide with the machine-drawn peak. This area is presumed

to be the actual area compared. The statistical error found

in this way varies widely (because of the great range in

count rate), but for the peaks tested it varies between 2 and

6 percent.

A hindrance to accurate superimposition of the Gaussian

curves on the total absorption peaks, contributing further

to the error, may be the slisht non-Gaussian character of the

total absorption peak caused by the lack of perfect homogefsity

of the crystal's light production. | |

To get some idea of how much of each spectrum occurred

in analyzable peaks,the total areas of several spectra were

measured with the planimeter and compared with the sums of .

the total areas associated with each listed energy (found by

dividing each peak area by the appropriate peak-to-total

ratio). It was found by this method that from 70 to 90 per~

cent of a spectrum was accounted for in the peak-by-peak

analysis.

The errors associated with the photon intensities Shown

in Table 2 are the result of estimates of the cumulative

errors discussed above. They range from 3 percent for peaks

with good resolution, good count rate,and cood fit with the

23
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superimposed Gaussian curves to 50 percent for peaks poor

in all respects. Occasionally there is present an enersy

which is too small in photon intensity even for a good esti-

mate to be made as to the quantity. The symboi>0 is used

in the appropriate column in Table 2 to indicate the pres-

ence of such an energy. More rarely the symbol >>O is
 

used to indicate the presence of an energy too poorly resolved

(although not necessarily very small in intensity) to warrant

an estimated quantitative listing.

In some cases there appear to be discrepancies between

photon intensities from the same lines taken at nearly the*

same time for the two gain settings. Most of these inten-

sities are not discrepant, however, by much more than the

estimated error would allow. In those cases where the dif-

ference is too large, the estimated errors should be increased.

However, some of the differences seem predominantly

one-sided, This inconsistency is especially noticeable for

some of the 220 kev lines, i.e.,areas recorded at high gain

are lower than comparable areas recorded at standard gain,

sometimes by as much as 30 percent. This effect appears in

the resolution curves of Fig. 4. For many of the 105 kev

lines compared, the effect is reversed, i.e. the areas recorded

at high gain are higher than comparable areas recorded at

standard gain. It is possible to account for the latter

24



effect by considerin; the sreater effect an integrating time

constant, such as is used in the count rete meter, has on low,

10
pulse heights. No mechanism to explain the former effect

suggests itself, however, and the fact that fair asreement

exists in most cases between comparable 60-kev and 280-kev

lines leads one to doubt the existence of a consistent energy-

dependent machine effect to explain the discrepancies.

It may be that the disagreements are largely due to

resolution problems in the low energy region of the standard

gain records, since in many cases the areas could be brought

closer to agreement by taking from one line and adding to -

an adjacent line. This problem is especially troublesome in

trying to separate the 60, 105, and 140 kev lines on the

standard gain records.

A discussion of the overall performance of the system

in analyzing the standard sources, including the consistency

of the results,is found in Appendix I.

DISCUSSION

It 1s of special interest to note the presence of Na**

activity in both the Zuni and Navaho cloud samples (the only

samples to reach this section soon enough for such detection

were the cloud samples from each shot). This activity is

evident from the 1.37-and 2.75-Mev total absorption peaks

detectable on the first two or three recordings made with

25
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if a fission-product decay curve of t~ and a 15-

hour half-life for nat are assumed, then the maximum ratio
=f

of Na@4 activity occurs 26 hours after shot time. The

intensities of the 2.75 Mev and 1.37 Mev lines may be extra-

poleted back to this time to give a meximum percentageNe@4_

  

contribution.

 

 



\Ne24 is a major source of radiation hazard in fallout

‘radiation one day past shot time,

There are several possible mechanisms for the production

—

of Na®4 py neutron induction: A127 (n,o)Na@*, Mg(n,p) Na@4,

and Na23(n,y )Na@4 with respective cross sections of about

100 mb for 14-Mev neutrons, 191 +35 mb for 14.5=Mev neutrons

and about 0.5 b for thermal neutrons.}1

sy
the time of writing enough detailed information was not

 

immediately available to permit intelligent speculation on

which of these processes predominates.

Another interesting result apparent on most of the

series of recordings begun at early enough times is the

build-up of the 1.59-Mev activity from Lal40, The fact

that there is evidence of an increase in this activity at

early times indicates that most of the original fission

product of the mass number-140 series was Bal40 or a percursore

Assuming that all of the Bal40-Lal40 fisst on-product complex

was Bal40 originally, the build-up of the 1.59-Mev activity

should reach its maximum at 136 hours after shot

time. Theoretically there should be no build-up in

 



3
a
2

#

40
activity if the original contribution of tal to this

parent-daughter complex is more than 11.5 percent of the

total activity of the combination. The evidence in ‘the

records of samples whose analysis was begun early enough

for the build-up to show up,points toward their being very

little or no tart© produced as an instantaneous fission

product. This conclusion is borne out by studies of fis-

sicn product yields from p23 Made by Yaffe, et a1.2? and

Petruska et ait

140
» who report yields of 6.32 + 0.24 percent

140 *
of Ba and 6.33 + 0.32 percent of Ce ,»respectively.

Since the difference is zero within experimental error,

140
, La is not produced as an original fission product. /

The samples collected atground and ship stations may

be different due to fallout fractionation and possible

anisotropies in fission-product ejection from the weapons.°

That there is evidence that one or both of these mechanisms

are operating can be ascertained by comparison of the spec-

tra of samples collected at different places for the same

shot. No pattern is discernible however, with so few sample

collection locations. Therefore it is not possible to say

anything more than that there seem to be discrepancies be-

“tween samples from the same shot which are too large to

explain in terms of measurement error alone, e.g., the 330

28

a:
‘

 



nny

kev activities present in records QA2 and RA2 (see Table 1

for notationsl definitions) differ by more than a factor of

3 in percentagewise contribution. Also the 105-kev activi-

ties in BA7 and GA2 differ by more than a factor of 3.

Dose rates measured 3 feet above the surface of How

Island in the vicinity of the collecting sites have been

plotted as a function of time after burstl4 for Shot Zuni.

The dose rates calculated from the photon intensities, listed

in Table 2, of the two samples received from the How Island

collection stations (GA and IA), when compared for the- :

proper times with the curve drawn from the measured dose

rates, agree within experimental error,

Approved by:

L. AWWA
A, GUTHRIE
Head, Nucleonics Division

For the Scientific Director
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APPENDIX I STANDARDS CALIBRATION

—..-

Calibrated standard sources were supplied to this

group by Analytical and Standards Branch of Chemical Tech-

nology Division to allow checks to be made of the relation-

ship between area of total absorption peaks and their

associated photon intensities, and to provide standards of

known energy for record by record energy calibration. The

calibrated standards used were 75.6 (+4 percent) microcuries

of Na ?2ana 145 (+5 percent) microcuries of He“ ° . The ne

standards were calibrated on May 18, 1956.

In order to use these standards to check the correct-

ness of the I/A versus E curves, corrections had to be made

in the source strengths listed. In the case of Na&e the

standards were calibrated in terms of positron emission

alone, so that to arrive at the 1.28 Mev photon intensity,

account had to be taken of the 6tol1l percent electron cap-
15,16

° > When this correction is applied, the originalture

1.28 Mev photon source strength becomes 80.4to 84.9 "micro-~

curies" or 2.97 X 10° to 3.14 xX 10° photons per second. To

compare this number to that obtained by multiplying the

area of the total absorption peak by I/A for 1.28 Mev, the

area must first be found by extrapolating the decay curve

pack through the calibration date. This area is 1.54 (+2

50
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percent) square inches and gives 2.90 X 10° when multiplied

by the proper I/A from Fig. 9. The latter intensity is from

2.5to 7.6 percent lower than the intensity determined from

the calibration of the standard, but agrees within the

experimental error.

203 photon intensities proceeds

203

The comparison of the Hg

similarly to the na? comparison, The Hg source strength

was given in actual disintegrations per second but only 78.7

of these disintegrations result in 279-kev gamma rays becauge

203 | After the: appropriateof the internal conversion in Hg

corrections are made the photon intensities obtained from

the extrapolated total absorption peak area and calibrated

source strength are 4.15 X 10° (+5 percent) and 4.22 X 106

(+5 percent) photons per second respectively. The intensi-

ties obtained by the two methods differ by less than 2 percent.

well within experimental error.

With 54 recordings of the 145 pc Hg@°3 standard and 94
recordings of the 75.6 uc na’? standard made over a period

of several months already available, it was decided to make

@ least squares fit of the decay curve to get a quantitative

idea of the machine's stability. It was assumed that the

functional form of the equations relating area to time was

A = exp(-At) or a polynomial of the form y = a + a,t (a

straight. line) where y = InA,.

31
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The coefficients By were found by solution of the

simultaneous equations:

8 By + 858) =m
1

N N

where 8, = > ; tk my, = > ok Yn» and N is the number of
n = 1 n a n =

measured areas. Thedetails are not shown here but the

results are as follows:: rt

For He203; y = 1.3022 - 0.0154t,

For Na@?; y = 0.4336 - 0.0014t,

Areas were computed from the equations for each day

that spectra were made and compared with the measured areas.

2 and for He@?3
0 eee aeee

The average deviation for Na? was 0,03 in

was 0.106 in’, The average percentage deviation was 2.0 per-—

cent for Ne®2 end 5.4 percent for Hg?05, The probable reason

for the higher deviation for Hg295 is a combination of fewer

records, shorter half life (requiring progressively more

sensitive count-rate scales with consequent loss in statis-

tical accuracy during the latter part of the recording

period) and higher amplifier gain requiring the use of more

sensitive count-rate scales to provide peaks of adequate

32
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APPENDIX II THE GAUSSIAN CURVE GENERATOR

~

The Gaussian curve generator consisted of a Gaussian

template mounted on a@ lucite disk which in turn was mounted

like a wheel on the shaft of a potentiometer. With a pate

tery to provide voltage and another potentiometer to vary the

amount of voltage across the main potentiometer, the pen of "

the X-Y recorder was caused to move along the X axis as the

wheel was turned. The range of the pen's motion during one

revolution of the wheel was governed by the setting of the-e

secondary potentiometer. A photovoltaic cell "looking" at

a light through the template was connected to the Y axis

of the X-Y recorder with another potentiometer controlling

its range. As the wheel was turned by hand and the amount

of light reaching the cell was varied by the template, a

Gaussian curve of height and width, as determined by the

range-controlling potentiometers, was drawn on the recorder

paper. The template was made of thin, opaque sheet metal

and its shape was determined by plotting a Gaussian curve

on polar graph paper.

By this method several hundred Gaussian curves were

drawn of various heights for each width. The widths were

chosen to correspond to the widths at half maximum for the

actual energies present inthe fallout spectra as determined

from the resolution versus energy curve,

i,



_ The areas in square inches of the Gaussian curves 80

drawn were determined by measuring their height and width

(the same for each series of heights) and applying the

formula (derived from the equation for a Gaussian curve):

A = 1,06w3 n(0)

where wi is the width in inches at half maximum ani n(0)

is the maximum height in inches.

e
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TABLE 1

Miscellaneous Sample Data
 

 

  

Sample

Site Abbreviated

Designation Designation Collector Collector Location Weight or Ground Area
Sta High Type From GZ Volume Representation

Gain Gain (in.*)

Shot Cherokee,

Std Cloud AA AB Filter Paper Cloud - ~

Shot Zuni,

Std Cloud BA BB Filter paper Cloud - ~
YFNB "Whim" ] FA - Deck(a 10 mi ENE - ~
How F-61 GA GB occ(b) 13 mi ENE 10 ml 2.2
YAG 40 B.1y9 HA HB occ 52 NNW 1.36 g 194.1
How F.67 1A IB occ 13 mi ENE 0.57 g 62.5
YAG 40 B-6 JA JB occ 52 mi NNW 10 ml 14.4

Shot Flathead,

Std Cloud KA KB Filter Paper Cloud - ~ * ¢
YAG 39 C.36 LA LB occ 29 mi NNE - - ,*
YFNB- 13-E- 56 MA MB occ 7.5mi WNW 0.02 g 11.5
YFNB- 13-E- 54 NA NB occ 7.5 mi WNW 10 ml 14.4

Shot Navaho,

Std Cloud OA OB Filter Paper Cloud - ~
YFNB.13-E-54 PA PB occ 8.5 mi W 0.28 g 60.6
YFNB. 13-E-56 RA RB occ 8.5 mi W 10 ml 18.0
YAG 39 C.2) SA - occ 21 mi NNW id ml 36.0
YAG 39 C.36 QA QB ecc 21 mi NNW - ~

Std Cloud TA TB Filter Paper Cloud - ~
YAG 39 C.36 UA UB occ 24 NNW 0.02 g 1.2
YFNB- 13-E-56 VA VB occ 10 mi SW 0.03 g 9.3
¥3-T-1C-D WA - Seawater (¢) - - -
YFNB- 13-E-54 XA XB occ 10 mi SW 10 ml 14.4
YAG 39 C-21! YA YB occ 24 mi NNW 10 ml 14.4

 

(a) Picked up at random from deck of YFNB-29.
(b) Open.close collector
(c) Evaporated sample from large open tank on deck.

 



TABLE?

Absolute Photon lmensities (Mandard Gain), in Miiliens of Protons Per Second Pur Line for Each Sampic
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TABLE 2 \

). is Millseee of Photons Par Second Per Line for Each Sampie

 

  

  

      
  
  

   

10 $30 750 ars 900 0 1040 4100 it 1240 1370 1600 1690 2fe

- O.92u10 0.888 7 - 0.148 20 - - - - - - o.25 010 - -
- 6 Gbse lO Bidase aitezo - - - - - ~ O25 0 10 - -
- 0 Gate lz 008 4 40 - - - - - - 0.25210 7 :
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TABLE 3
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a signation {rev} 'd)

lime From Each Recording

 

tut” Bample eed ig ao 30-38 #0 105 160 azo doo
~ Recording (6)

(hr)

51 AB I 1060405) 0.26640 0.54025 4.446010 0.67015 1.63018 1.02015
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406 10 - - O.10 @ 40 O74 35 >0 0.09 & 4 ~

$3 BB 1 1,70 %5@ 0.65050 1.39850 427010 0.72020 3.63025 2.09020
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314 2 097220 0.58850 181020 5.17610 1.1) #25 1.72@26 0.30040
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a) See Tabie } fer explanation of abbreviated designations.
Line designation energy does not necessarily represent ap accurate energy

t 10 kev merely as a

 

ealibration, The energy is rounded off w the nea:
line identification aumber.

c) Errore listed sre in percent.
| >0 at 365 kev.
s) 0.40 & $0 percent at 165 kev.
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