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FURTHER MEASURENENTS OF THE

FISSION AND ABSORPTION CROSS SECTIONS 0% 25 BELOW 1000 BV

INTRODUCTION

1,2)

Earlier measurements of the f'ission cross section of 25 have
pr;ved the existence of neuiron resonance levels in fission., Investigation

_ of the widths of these levels led to the discovery of nbsorption in 25 without
fission. It has been shown that the ratio #{25) of the cross section for cap-
ture without fission 6}(25) to the fission cross section Gfizs) is about
0$163) for thermal neutrons. Since the variation of this retio as a functiom
of enerzgy is of very great importance, especinlly at high enerzy, it was felt
that knowledge of its behavior even at low energy is of consideradble value-

The expariﬁsnt desoribed in this report was designed to obtain information
about such a variation as well as %o verify the results of the previous fission
measurements, and if poséible to improve upon them.

The experiment usiﬁg the time-of-flizht method consists ossentially
of two partéo The first part to be considered is the remessurcment of the
fission cross section in the range from 0.01 %o iOOO ¢v: The other part cone
sists of an absorption measurement on samples of beta-stage 25 material im the
range extending from 0.01 to 200 ev. From the absorptlon measursmeats, tho
'total absorption cross section is computed. The variation of this computed

cross section is then compared to the variation whlch is observed in the {issien

oross seotion:

1) &nderson, lavatelli, McDaniel, Sutton L&~82 '
2) Bajley, Hanson, Konopinski, LA=46 U N c I_ A S S I F l E D
3) Bailey, Blair, Greisen, Perry, Group F-2, LaM5-06 )
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The techniquos used in making the time=of-flizht measurements of
- :

the fission cross section have been described in reference (1), The cyclotron
arc is modulatsd ‘o produce bursis of fast reutroas at the target. Thé’nautrons
are thon slowed down in a hydrogenous "source” end pass down a paraffin and
boron~carbide collimator to the detector which has the form of an iomization
cﬁambero The pulses from the detector are passed to an amplifier which is modu-~
latsd so that the time distributicn of the pulses occurring in the lonization
chamber can be observed. Since the measured tims of [light for & neutron to
pass from the sourde to the detector is & function of the energy, the fime
distribution of pulsos in the ionization cheamber is a fupction of tho'sensitivity
of the detector for neutrons of various onergies.and of the energy distributicn
“of the neutron beam. By comparing the distribution of ccunts in s 25 chamber to
that of a'BFS dqtector9 whosa enerzy sensitivity is;known4>to be proportional
to I/EE the relative energy sensitivity of the Z5 and boron chambers can be
determined, and thus the ratio 6?(25)/8a(8) within s constant:

For absorption measurements, it ié s;mply nécessary to take the ratio
of the number of coun£s received in a Jiven timewofmflight interval with no
absorber, to the number of counts in the.same interval with the absorber betwesn
the detsctor and source. The integrated beam intensity is made the same for
the fwo runs. This ratio yields the transmission of the abgorber as & function
of energy. From this the cross section 15 readily determined., A detailed
summary of the. techniques is given in an earlier reports)o

In tho thermal range, the hydrozenous source which was used consisted

N

4) Anderson, Lavatelli, McDaniel, Sutton, LA-<92

5) Anderson, lavatelli, McDaniel, Suttom, LA-91 U N c l A S S ' F lE D

S —————— —
—em e o,
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of u flat tunk which containcd‘BEO3 in a water solution in the concentration.

-of 7 gm per liter. This was used to reduce the thermal mean life of the source.

The region immediately above the thermal rezion was studied using a BOOS ab-—
g [

sorber of about 2.5 g/cm2 in addition to the water tank in order %o reduce tha

-

numper of very-low-enerjzy neutrons in the besm to permit the use of s higher

/

repetition rate. rlIn the region about 1 ev, the detectors wore coverod with

0.060 inches of cadmium to permit the use of a still hizher repetition rate.

PISSION, SRPERIMINT

'

The fission measurements-were made with a threoe-deck ilonization
chamber which is shown.in Fizo la. The combination consists o7 three adjacent
coaxial sections. fThe axis of the'combination is placed in the direction of
the incident beam. The front and rear sections of the chamber contain foils
coated with beta-stage 25 in 65% concentration and deposited as oxide in thick=
ness of 1,16 mg/bmzc The two sections are connected together elsctrically to
composs the 25 detector. The center section is a B¥; parallel-plate detector-
The chamber was desizned in this way for the followiny reasons. By using
adjacent chumbers in this manner, except for certain very small second-order
corrections, the average neutronbspectrum sser. by the 25 detector und by the
boron detector is the same, even thouzh there may be some sbsorption in the
foils or in the windows Sebaruting the sections. In addition, to make point-
by=point comparisons of the counting rates in the two chambersgjit is essential
that the centers of the two detectors be at the same place: By placing the
two sections of the 25 cdetector symmetricslly about the center of the boron
detector, it is not necessary to move the chanmber between the borom and 25

runs. In the thermal-ensrgy rezion, theres is some abSorption in the BF3 chambe:
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and windows which weishts the front section o little mofé heavily than the
rear, thereby movin; the average position of the 25 chamber forward. This
correction is very small, being not greater than 0.1 percent of the disiancq
of {light. }

The 25 sections of the chamber were filled with argon at atmospheric
pressure, and the BF, sectlon wag Filled with tank zas st the same pressuro.
Electron collection was used and the amplifier had a 1;5/ysec clippiﬁg time.

fhe method of taking measurements is the following. The value of C,
the number of counts in o giyen time-of=I71lizht interval, end the value of T,
the fotal nunber of counts due to neutrons of all cnergzios, are recorded. or
either 25 or boron, the ratio C/T is independent of discriminator biué setting
(which affeéts all channels equally) and of the jeometry of the chamber. ¥ or a
siven neufron spectrum, this rautio is proportional to the product of the cross

soction nnd the fractional neutron flux in the time-of-{light interval as was

shown in LA=82. In order to eliminate the fractional neutron flux, the ratio

R = (¢/1),./(c/1)y

is caléulateduv This ratio is proportional to the ratio of the cross sections,
in the givep intérval, with a constanf of proportionglity which depends on the
shape of the spectrum. Because of this dependence on the shape of the spectrum,
great care was exercised to prevent undesired chsnzes in the source and dé=
toctor geometry during the sourse of the experiment. When changes were made in
the source geomstry it wes necessary to measure the relative chanzes in the
total counting rates or the two chambers to permit the date taken with one
geometry to be compared with those taken with anotherl’. The exporimental coéc

ditions and the seguence of the runs were so chosen that only two such changes

and normalizations were nécessary. In order to determine the absolute cross

APPROVED FOR PUBLI C RELEASE
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section from these messuroments, it is necessary to determine the absolute
cross secticn of 25 at one ?ointo By adjusting the arbitrary constant in the
relative cross section to bring atout agreement at this point, and utilizing
the knowledze that boron follows the l/v las, the cross section at all other
measured points is determined gbsolutelyo The point usually choseﬂ for
relerence is 03025 ov (or noutrén velocity = 2200 m/sec!, wnich is about the
same) for which such absoluteccrOSSmseotiqn mezsurements have been ﬁadee)a

F&r the sake of comparing the fission data with the absorption date
for 25, instead of obtuining the absolute va{ue of the cross section for fission
oe(25) or ﬂ}(ZS)vn where_v is the neutron veloecity, the scale for plotting
6}(25)v in the fizure, was arbitrarily adjusted to make it nuéérically egual
to the value of qa(és)ﬁ obtained from the absorption moasurements ut 0.025 ev.
The experimentul conditioﬁs under whiéh the various runs were made ure given

in Table I and the results of the messuremonts are given in Figs. 2, 3, and 4.

The messurements under different experimental conditions have bgen normalized
to each other to permit comparison and then multiplied by a factor bring about
coincidencs with the absorption‘value at 0.025 ev. The coordinates used in
the f{irjures sre ov in bgrns meterséasec agatnst time of flizht in/usec/hc

In Mize lqﬁ‘thase results are combined in curve (7)., with the

K '

logarithm of time of flight as abscissa. ln curve () of ¥ig. 15, the same

'

results are plotted,this time with the logarithm of the enersy as abscissa. In

Figz. 16, the results of the fission experiment are compared with the earlier
values reportéd in reference {(1). In Piz. 17 curye (f), the absolute fission

oross section of 25, is shown as a function of lo3j energy, using the wvalue

6,(25) equal to 542 barus st 025 ovb ).

6) L’l=1403 Pn 8::
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ABSORPTION MUASUREMENTS
| For tho absoréfionfmeasurements, a BF3 detector, 20 cm long and
6 cm in diameter, was used. In addition, a secondary collimator was placed
immediately eround the detector as Shown in 7igs ib so that ohly'neutrons which
went throush the absorber could reach the detcﬁtorg The absorbers were placed ’
at the front end of the collimator. A total of 5 different absorbers were used
in various combinations. Two of these were composed of‘uranium ‘ce:-xtr':a.f‘luo‘z‘i'de.‘J
whils the ther three were of the metal. These absorbers were composed of
enriched material 6f concentration approximateiy 64 percent 25 by weight, 1In
addition to these absorbers of enriched material, five samples of the normal
isotopic mixture of uranium were used which oérresponded approximately in
weight to ths enriched samples. Table Il gives the weizht and identificatien
for the absorbers7)o Table I 3ivés the experimental conditions under which
the wvarious combinations of tbe absorbers were measured. _The results of the
transmission measurements are shown in Figs; 5, 6, 7, 8, 5, 10, where trans=
mission vs time of flight is plotted., The usual backzround corrections for
the ubmodulated beam have been,m#dee The-recycling back;roﬁnd wesg assentiaily
zerc.

Trom fhese'transmission measurements, it isrdesirable to compute-the
capture cross section of 255’ One method for computing this quantity was used
for the measurements taken with the fluoride sample in the region from 01 %o

.5 ev, wnhile a slizhtly different method was used for the measurements at

hizher enerzy with the metal ssmple. -

7) The samples are contained in aluminum cups.:> The faces of the cups wsre
0.030 inches thick. - Aluminum blanks were supplied for the "no absorber”
ran-
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APPROVED FOR PUBLI C RELEASE

For the measurements with the rluoride sample the following method

was used.

Define
g,(x) = absorption cross section of isotope (x)
6(x) = scattering cross section of isotope (x)

di(x) = total oross section of isotope {x)

-

2
Dyg, Dyg = atcms/bm of 25 and 28 respsctively in enrioched samplé

i

. 2 N
nzgd n?; atoms/bm ~of 25 and 28 respectively in normal sample

The transmission of the aenriched sdmple is

Where

A=zg (25)n,, + d&(ZS)nZB + 49.(F) (n25-+'n28)

d—u—ﬁ ‘ 5 ¢ @ T g ¢
St(Z.J)nzs + ‘51;(28)“28 + 4ot(1~7) (n25+n28)
The welght of the samples were chosen so that
- i 2 ’ as o - imd =
nzs'f n28 = Byo+ N0 and thus also Nyg nzé Bpg = Nyg

This enables us to eliminate the terms containing Gt(F) by subtracting the

equation for d' from the equetion for o, which zives us

[o BRI () = ¢ | P . 7 . { 4 v:a }
,C(Zu) (dzs nzs) ~+ d-.t\za) (n28 nzé)

{
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(o) o

\
= = s 1/ P ‘
at(zs) (et d“}(nzﬁ uzé) +.5t(as)
&
If we assume that Ga(ZB) varies as 1/v in the thermal region, then since

6;(28) = 2.6 barns®) at 0,025 ov or T’=~457/usecp
5.(28) = (2.6 x Z)/4b7

where 7 is time of flight in/usec/hetero Also if one assumes 0,(25) = 65(28)

(for lamock of better knowledge) then
0,(28) = (& -&")/(nyg > ) + (2.67/457)

It is desiyabla to use this method aiﬁoe it cancels ouf the alfact of the
scattering of the fluoride. It is, of‘courseﬂ possible to use this method
only in regions in which>da(28) is well knowm. Eecause of this faot, for the
: A\
higher-energy messuroments where dé(28) has resonanoess, another msthod wasg .
used. In addition, since metal sa@ples were used for the higher-energy

measurements, the cancellation of the scattering was not as important.

By this method we have again
T=e T =8

where

| d:t;b(ZS)nzs + ¢ (28)n,,

2 . .
=g L { 1
a 1;(zs)n:35 Gtgza)nza

é) Anderson, Lavatellig HoDaniel, Sutton, CP-2079
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L | ‘1.

In this case we may elimimate dt(28) and find

' 9
d- £ ! 4 d
(nyg/n,8)

’ .0
Hag nas(nzs]“zz;)

Since the concentration of 25 in the eﬁrichad sample is about 0.84

while in the normal -sample it is 0.0071, and if the tﬁo samples are of approxir‘a

mtely the same weight, then

o f- A 4 9 | _‘ 2 @ . » = ,
nzs(nza,nae) 22 (.007/.64) ° {1 = .64) 1, 7= 2004 1,

So, to e high degree of accuracy

5 (26) = '[a.»m (nas/nzé)af]/(oggs xn,)
Sinos | o
5,(26) = ¢ (25) + 55(25) }
- then : - .
| aa(zs). = [oir-- (nzs/nzg)&]/(osgs x nzs)"c» € (26) ‘

It is seen that to obtain 6&(25)9 it is necessary to insert the value
of 65(25)3 One must again assume that the soattering of 25 is equal to that of
28 for lack of better information. It is unlikely thet the correct value for
6,(25) is different from this'by more than ome or two barns. An error of ' 1
barn in the coross section results in an effor of less then one percent up to

0.5 ev, and the maximum error is loss than 5 peroent in the entire region which

was investizated excspt at one point near 5 ev, where an error of one barm in

_ I
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scatiering emounts to about 10 percent in o,(26). Because 0,(25) is thus
in zeneérsal only slightiy sonsitive to the velue which is used for the 28 -
scattering, the_vaiue of 5;(28) used was detérminéd in the following mannecr-
In the regibn from 104 to 4 ev, the oapture cross\section of 25 is quite low
and thero are no resounances in 28 in this neighborhood or belows From tho
transmission measurements in this'region on’ the thick normal samples, the
total cross section wag detarmiﬁedq This qioss section is composed primarily
of the sc&ttefing of 28, In addition to this, there is ths absorption cross
section of 28 and also a small emcunt due to ebsorption im 25:; The thermal
crogs section of 28 absorption ig 2.6 barnse)o_ |
Beoauss of the absence of 28 resonances in this neighborhood, the

crose section 65(28) is assumed to véfy as 1/% up to 5 ev. Thus the oross
éeotion for Absorption in 28'wou1d-be about'Dczs barns. From the msasured
values of 6;(25) in this region, its contribution to 6%(28) will be about
0.11 barn. The‘measuréd falua'for the total cross section of 28 hers is 9.6
barns. Subtraoting off the contribution due fo absorpticn, we find a scatter-
iné crbss section of 9.2 berns, This is somewhat higher then the values 8.6
‘reported recently by Farmig)a This éifference may be due tc experimental error
or to the failure_of 28 to follow the 1/% law@> The value of 8.8 barns given
by extrapolation from the work of Rainwater and Hevens is in better aéreamantp

| The velue of 9.2 barns was used for’the socattering cross section of
26 and inserted in the above formula to determine the absbrption‘crose seotlion
of 2&6. for convenience of plotting the resulis, the value of &Av wes obtained

by dividing the oross section by the time of flight. The computed values for

\

3) Chicago Report for Month Ending Aqgustizﬁv 1s44 CP 2081

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

Pt

o

g,V aroe shown plotted in Fiéso 11, 12, 13 on a .linear tims=cf-1light cou
In Figs, 14, 15 curves (a), they are also shown in compariscm with the fission
measurements over the entire range on both log time of {light and log energy.
In Fig. 17 curve (a) is given the sbsclute cross section as a function of
enerLy-

Among the important features of the curves are the following. Up %o
about 2 ev the shape of the fission curve is the sﬁme as that obtained from the
ebsorption measurements within the experimohtal errors of the measurements.
This includes the region of the two resonances at 0.28 and 1.0 evc. In the
region from 0,025 t¢ 0.1 ev tho valﬁa of G, ¥ decreases with increasing energy. *
the slope corresponds roﬂghly to that found in the earlier msasurementsl)u At
about 2 eﬁ there ocours a smell resonancs in absorption which is not present
in’fiesiona Abovs this resonance the fission and the absorption egain become
aqualo They.ramain a@ssontially the same through the resonsnce occurring in
both fission and absorpticn at about 3.3 év and up to about 4 ov. At 4:8 ov
is found another rescnance which is present only in absorption. Above tﬁis
point snd up to about 200 ev, the qualitetive behavior of the figalon and ab-=
so;ption are the ssme, but quantitatively they are‘somswhét different. 1t seemc
probable that moat of the‘differenc@s ars due to tha difference in the‘effect'
of the resoluticn upon the fission and the absorption measurements, for in this
energy rango the resolutlion width is much sreater than the resomancs width.

The presence of rosonancés in‘dg{ZB) et 6.8, at 21 and at 38 ev confusss the
)

issue ovan more because of the difflculty im correcting for the absorption of

the 28 in the enriched sampléso

The effects of finite rssolution on the oross«secticn msascurements

‘are, in brief, as follows. If there is a resonancs in the cross geotion for

APPROVED FOR PUBLI C RELEASE
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T e

which the widtb.of the resonanée is much smaller than the'résélution width, the:
boty iﬁ absorption and in {ission, the moasured cross section at resonance will
be smaller than the real cross section. This is due to the fact that the, mensure
ment at resonance is actually an average over the resolution width. In the
fissiﬁn measurements; this average is taken over the crossesection funoction,
while in absorption, this average is taken over the transmissicn function, and
from this the cross section is computed. Because these\avera;es ero not made

in the same manner the affect of the resolution is different for the two. The
effect is greater for the absorption measurements with the result that if the,
same resonence cross section is to be measured both for fission and absbrptionv
Vtha value obtained from the absorption measurement will be still less than the.
value obtained from fission. {An extreme erample of this is the case im which
the résonance is very strong and very nﬁrrow compared to the resolution. The
observed fission resonance will be very stfong because the linear aﬁerage over
thgvsensitivity function is tmken. Howsver, the abéofptioniresonance which is
observed will he weak because the observed absorption at resonance is‘a~smear

qf & narrow line which éannot zo balow zero transmission and is thus véry in=

‘ sensitive to the maximum cross section.) Thus in reéions where there are oniy
25 resonances, the 25 resongnces which are observed in absorptioé should appear
relatively yeaker than they appear when measured in fission.

i closely related rasélution effoct oxhibits itself iﬂ regions where
only 28 resonaﬁces occur- In the absorption messurements, since the cross’
secfion is ottainpd from the average éf the resolution function over the trans-
mission (an exponential function of én) %the value obtained for the crass
section depends on the thickness of the absorber. This dspendence is such that

the thicker ths absorber, the smaller the value of the cross section which is

. obtained- Since the enriched samples of 25 contain & considerable amount of 28,

 APPROVED FOR PUBLI C RELEASE
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’

4o compute the cross séction of 25 the measured cross section of tie sample
iz correocted for the 28 as shown earlier. The correction is bassd upon the
absorption measuremsnt of the normal sample of 23 which cpntains about thres
times as much 28 as the snriched sample. Beoause the thicker semple (normal)
yields a smaller wvalue of the cross seetion than the thinner ssmple {enriched},
the corvection is not large snough to fully éompensate for tha smount of 28 in
ths eurichsd éamplsu Thus in regions of 28 resonances, the neasured absorption
Cross ssctioq of 25 is too gre#tu Th; situation is further oomplicatod by a
nixture of the two offects in regions where there are both 25 and 28 resonances.
of ﬁhe various features of the oross ssction curves, perhmps the most

~

interasting are the 'resonances which are present in abscorption and not pressnt
(=3 Y L5

in fission. The rescmance at 2 ev shows a change in cross section of about 1&
barns per 25 atom. The one &t 4.8 &7 shows a change of croazs seoction of about
37 berns. bt must bHe remsmbered thoet nelther of thess resonancss wsrs re-

golved so that the cross scction iz likely to bo much larger than this. These
resonences are possibly due to 25. Howsver, there is a resssomably good chovee
thet they may be due %o the isotops 24 which is pressnt in ths enrichsd sample.

A

These sawples contuln about Uo7 parcent of 24 rolative to 25.  For the rasonsnc ;s

3y

b

te be explained by shsorption in 24, thely crogs sections would be 2150 ans
‘ | . )

$300 barns respectively which would be rather streong. Thelr strength would

. . \

have to be comparsble to thal of the resonances in Ag or dun, PFParhaps tho cae

at 4.8 ov lg even strongor than either of those. Checks were made o verify

the presence of thssa two resonances, porticularly for the ono st 2 ov and it

seems gquite cortain that they do really exlst, Until further measuremenis of

some different nature ere made, it will not bs posgsible Lo assign definitely

the isotops to which these are dus. If thoy had been scmevhat stronger, one
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would probably be forced to essign them to 25, buf since thoy ars very weszlk
for resonances in 25, the assiznment is quite difficult; {ne method whi?h 1
might be used to clarify the situation is to observe the transmission of ab--
gorbers of 25 having different omounts of 24 of them. A fifty percent differ-
ence in the 24 content would muks it possible to decids whether or not these
resonances are duc to 24.

it is to ﬁ; conoludnd that in the range from 0.01 to 2 ev the veluc
-]
[1-+d(85)]” definsd by [1 1—6425)] = (?é(ﬂﬁ)/bf(ESiL is'asaéntially
constant excapht for possible differences of ths order 9f 10 percent or lees
in sﬁﬁll reglons ebhout the resonances: fhegs differences may not really exist
but.may ba due, at 1sést in part, to the‘statistinal iﬁaocur&cy of the data.
With the exception of the two rosovances at 2 and 4.8 ev it sesms roasonsblo to
lbelievs that [1 +.d(25i]does not vury greatly in the interval frem 2 to 200 ev.

In two regioﬁs,'measuremsmts vore made $f fission which were not msde
with comparabls resolution in transmigsion. Oné of these is in the vicinity of
the 0.28-ev resomance. It was thought ths og¢srse resolution whioch wés uéed to
examine this resonance was not adequate to resolvé completely the resonance, so
the work was ropeated with finer resolution. lio shafpening of the level wms
cbssrved.. Thus, the conclusion is that it has ths width as measured. The width
st half maximum is of the order of -»l& efn ’

The Seccnd regibn which was investizated only ir [issicn wns that
in the range 100-1000 sv., In ordsr to obialn the value of the oross section
at about 1000 ev, one of tho runs was repeated with the single‘change of sattling
the timing for slizhtly higher ensrgy to obitain two new points, one at 760 ev
and the othor at 330 ov. The poiunt at 760 ev has & spread due to resolﬁtion

oxtending from 3000 ov to 330 ev. Extrapolating the curve through the points
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to the time of fli;ﬁt Eorrespon&ing to 1000 ev (2.27 _Msec per meter) one
‘finds that the ratio of 6v at 1000 ov to the value of 6v at 0,025 is 2.80.
This value should be considered as the average over ths resolution funoction
wﬁen considered on a fimewofﬁflight plot. 'This résclution fUnotion exten&s in
energy from 6000 ov t9v410 ov with the mean ensrzy at 1000 ev. The 3ar1ia?
valﬁel) ferbthe semo ratio under the same fesolufion was also 2.80. We give
this value them as 2,80 + .11,

The oross seotion for nbsorption at 0,026 ev is found to be

655 ¥ 16 varns. This is to be compared with the value of 640 found by Fermilo)
and our value of €650 publishec earlierl)o

10) Chieago Monthly Nuclear ‘hysics- Report, CP-1389
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TABLE I

=
Series Type of On~time Freguency Sourcs Figure Symbol g
| Meagurement pE60 cps ¢
, i
I P 200 100 Tank 2 A 5
' 11 5,11 A
16 : 6.2 a !
11 F 200 100 Tank 2 o
1 5,11 ¢
15 . - 6,11 ® n
111 F 100 200 | Tenkand{ 2 g i
12 Tray 7,11 z i
v F 50 200 Tenk ar
, T:ak and 2 E} ;
ay i
v F 20 1000 Tank and { 2,3 B
13 cd : 8,11,12 jal
Vi . F ' 20 1000 . Tank and | 3 X
(12,13,14) . , cd 9,12 b4
VX -Low resolution, therefore not included.
viIz P 10 1000 Tank and | 4 (E
13 _ Cd 10,13 1)
IX F 10 1000 Tank and | 3,4
13 : ca 10,12,13
X F 10 1000 Tank and § 4
cd

» Tisgion messurements denoted by F. Absorption measurements denoted
by absorbor identification number.

All distances of flistht 7.8 meters.
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TABLE II
Igsorbe* Area= Weight= @ms of 25 gms of 28 Jatoms of 25| atoms of ZGE
e ' sQ cm £ms or sq cm per sq cm {per sq om per sq cm ;
, . i
K ' " [ »] . a - 21 21'
‘ fluorids
11 3 31.7 25,1694 0042 -995 <0109 1.515
fluoride
12 & 16,1 | 47.1 1,870 1.06 4.82 2,70
. metal
12 N 20,3 81,4 .0212 3,00 .055 7.66
netal ‘
; ‘
i3 8 17 &7 G100 &S 4,77 2.71 12 .3 6,91
motal
13 N 20.4 152.6 ~0827 7 .43 <1361 18-9
1 metal . '
58 15.45 |25.1694 27956 § .434  {2.05 1.107
flucride ' ’ :
15 " 15,45 28 3303 0086 1.228 0222 1 312
fluoride
12,13 \ _
14 3 1l.44 6.49 Z0 5 16.8
12,15 :
14 N ' . -128 17.94 2330 45.7
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