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ABSTRACT

A back-to-back semiconductor counter system was used to study the
energy and mass distributions of the fission fragments in the spontaneous
fission of the isotopes, Fm25u, E253, Cf25u, Cf250, and Cm?u8. The results
are compared to the fission fragments producéd by the spontaneocus fission of

252

ctf , whose fission properties are well known.

2
A1l distributions (including those of the odd-mass isotope E 55) are

252. The mean prompt

- rather similar, but not identical with the standard Cf
kinetic energy of the fragments increases with 7, and this trend is compared
with the results of other related experiments. The asymmetry of the mass
distributions shows only small differences between the isotopes studied here.
Some theoretical aspects of the asymmetries are discussed. The variance
(widths) of nearly all the distributions increases with Z and seems to in-
crease with A. A new semiempirical correlation between the variances and
ZQ/A is proposed and interpreted on a qualitative basis.

The effects of neutron emission on the results are briefly discussed

and the values of the mean total kinetic energy release are corrected for

the effect of neutron emission.
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.Lawrence Radiation Iaboratory
University of California.
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December 18, 1962
I. INTRODUCTION

In this work we describe measurements of the spontaneous-fission
properties of several heavy isotopes. Data are compiled and discussed
in such a way as to reveal the mosf Signifiéant features of the results.
The value of such a study is to provide experimental data from which some
general features of the fission process may be deduced and against which
theories may be tested, bothagenerally and in detail.

Prior to this work, very little information has been available con-

252.1 There-~

cerning details of spontaneous-fission isotopes other than Cf
fore such properties as the mass-yield curves, kinetic-energy distributions,
and their widths remained to be studied for a number of heavy nuclei.

Such investigations have become possible during the past few years
because of advancements in several directions. The first involved production
of larger amounts of certain heavy isotopes by multiple neutron capture in
high-flux reactors. The second involved application of semiconductor counters
for energy measurements. The third development was the availability of multi-
dimensional pulse-height analyzers_which allow one to record and store in-

formation correlating, 7 example, two energy measurements from each event.

The fourth advancement is the ready availability of computers for calculating

the results of a very large number of measurements.
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In the experiments reported here, the energies of both fragments
from spontanecus-fission events were studied for several isotopes. - From
these energies the masses of the fission fragments and totel kinetic energies
were calculated. The properties of the measured distributions were compared
with those of the isotope Cf252 s measﬁred under the same conditions. Trends
in the properties as functions of Z and A and certain fission parameters:

were studied.

II. EXPERIMENTAL PROCEDURES

Trenscurium isotopes used in these experiments were produced by long-
time irradiation of curium isotopes with neutrons. As a result, elements
as heavy as fermium were produced.2 The production paths are shown schematically
in Table I. The elements were separated on ion-exchange columns.3 Special
care was taken to remove all contaminations to such a level that their in-
fluence could be neglected in the final results. The isolated and purified
isotopes were electrodeposited on approximately 5:iin-thick Ni foils. The
measured foil thicknesses are given in Table I.

The foils were placed between two back-to-back phosphorus-diffused
guard-ring-type silicon semiconductor countersLL by means of which the energies
of both fragments from fission events were measured. The energies of both
fission fragments were recorded by utilizing standard electronic equipment.
The binary equivélent values of those energies were stored on paper tape.

Data recorded on paper tape were then transferred to magnetic tape in a form
that retained the identity of each fission event and was directly acceptable

by the IBM-T090 computer.
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52

2
The fission fragments from the spontaneous fission of Cf were used

for energy calibration of the semiconductor detectors. Kinetic energies of

252

the fission fragments from spontaneous fission of Cf 7~ have been determined.

independently by time-of-flight measurements.5, Therefore, absolute values

for the most probable light and heavy fission-fragment energies are known.
(Further details are discussed in Appendix A.) It was assumed that the
"pulse-height defect" as described recently by several authors6 was the same
for all the isotopes investigated.

The stability of the apparatus was checked as follows. First, the
positions of the most probable light and heavy fission fragments of the Cf252
standard were determined before and after each experiment. In addition the
stability of the electronic equipment during the experiment was checked con-
tinuously with pulses from a mercury pulser. Corrections were made for in-“
stabilities in the electronic system.

The Fm25h experiment was completed during the relatively short time

I

of two days. The Cf25 experiment lasted several weeks, and several different

sets of semiconductor detectors which all gave similar results were used.

The Cf25o experiments were carried out with a rather small source of 5 fission/

min, as compared to 4000 fissions/min used at the start of the Fm25l+ experi-

ment. The solid-state detectors used for this experiment were relatively
poor. This accounts for the large uncertainties in the results for this
isotope as shown in a following section. The Cmeu8 experiment was carried
out with two different electronic techniques, both glving essentially the

254 Sk

same results. The first was similar to those used for Fm .

Cf25o; the second minimized the effect of the ~ lOu alpha particles/sec which.

; Cf2 , and

came from the decay of Cm244 also present on the foil. The electronic pulses

coming from the preamplifier were shortened in width from ~ 5 nsec td ~ 0.4
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usec, thus reducing considerably the chance that an accidental alpha particle
could add its energy to the measured fisgion-fragment energy and distort the
results. Einsteinium-253 exhibits a very high alpha-to-fission ratio; there-
fore, the method employing pulse shortening was also used in this experiment

(further details are given in reference 3).

III. RESULTS

Using the measured energies El and E2 of both fragments from the
fission of a nucleus of mass A; one can compute the masses Ml and M2 and the

total kinetic energy ET for this event according to

[
no

== = — ;oM + M, = A (1)

=
=

and

E, + E, = ET. - (2)

From 70000 to 80000 recorded spontaneous fission events for Fm25u,
01‘251‘L and.Cm248 and ~ 12000 events for Cf25o and E253, the results were
summarized in the form of two equivalent contour diagrams:

a. the El—vs E2 contour diagram

b. the ET vs MF confour diagram,
where the "mass-fraction", MF, equals Ml/A' Figure 1 shows an example of an
ET vs MF contour diagram for Fm?54. (None of the dontour—diagrams showed . any

D

so-called "fine structure", as observed in some other fission studies.
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From the two—dimensionai contour diagrams we computed
a. 'singie—fragméntbeneréy distributions,
b. energy distributioné of the heavy fragments, EH,
. c. energy distributions‘of the light fragments, EL,
vdﬁ distributions of the‘toﬁéi kinqtic eﬁergy, ET,
and | |
e. mass-yield curves.
The mean value aﬁd the variance c? of each dist?ibution were computed,
where 02(E)_= (E2> - (E)E. The résults of this work are summarized using
these.two valués for‘each aistribution instead of:describing the properties
of each distribution by its most probable value and its "full-width-at-half-
maximum" FWHM (FWHM = 2.3%5 * ¢ for a Gaussian distribution). Table II shows
252

the results of these computations. The variances of Cf calibrations differ,

because different semiconductor detectors were used which give slightly

different results. To compare the variances of all isotopes, we normalized
them to one arbitrary value of the variance for Cf252.8. The single-fission-
fragment energy distributions, subdivided also into the light- and heavy-

fragment energy distributions are shown in Fig. 2. (The exact corresponding

52

calibration are given in reference 5;) Figure 3 shows

252

the mass-yield curves with their respective Cf calibrations. An example

. . 2
of the total-kinetic-energy distribution ET for Fm oh is given in Fig. 4.

spectra for each Cf2

Figure 5 shows the mean total energy release as a function of the

mass fraction MF for Fm?54, g0 cm2h8. 5l

250

Cf these distributions show no significant difference from that of Cf

and
252 )

, and (In the cases of ce?

Now let us consider the effects of neutron emission on the experi-

9,10

mental results.tzMost neutroﬁs are emitted after scission. Therefore,

the emission of neutrons décreases the kinetic energies of the moving fragments
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and produces an uncertainty in the calcéulated mass and energy distributions.
Only a small number of neutrons are emitted'compared to the mass of the fragment,
and therefore the effect, is small. But the neutron-emissiop process is‘very
complex, and this introduces a small but very complicaﬁed uncertainty into
the experimental results. More details concerning these effects will be
discussed in Appendix A.

Only one correction for the neutron emission‘can be made easily.
The mean prompt kinetic-energy release (EK) of the "primary fragments" befiére
neutron emission is related to the measured mean total kinetic energy (ET)
of the fission fragments after neutron emission by

(k) = (1) (1+ %) . - 3)

An estimated value of the average number of neutrons emitted per

50, Cm248, and E°° on the assumption that Vv

fission, v is used for Cf?
. increases linearly with A.l The quoted uncertainties in (EK) include estimates
for the variation in energy loss of the fragments due to different thicknesses

of the source foils used in the experiments.

IV. DISCUSSION

The most essential results of this investigation are summarized as
follows:
a. The energy and mass distributions are rather similar (but not

identicaj)for all isotopes investigated here.
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b. The mean prompt kinetic-energy released (EK) increases with Z
of -the fissioning nuclei. |

c. All mass-yield curves show a strong asymmetrié maSS distfibﬁtion.
In agreement with previously observed trends, the meah'heavy-fragmeﬁf masé
is always around 1421, whereas the light-fragment mass shows more variaﬁion.

d. Distributions of E255 which is the first odd-mass isotope in-
vestigated resemble very closely those of heighboring even-even nuclei.

e. The variance of the energy distribution of the heavy fragments,
02 (EH), as well as the variance in one branch of the mass-yield curve, 02
(M), increases with Z and seems to increase with A for a given Z. The variance
in the energy distribution of the light fragments 02 (BL) is essentially
constant.

It would be very interesting to discuss these ekperiﬁental results iﬁ
terms of a quantitative theory of fission. HQwever, lacking such a compfe—
hensive theory, we can only compare certain parfs of this work with.some
theoretical conéidératiOns'concerniﬁg a limited asﬁect of thé sﬁontaneous-

fission process.

= " A. Mean Prompt Kinetic-Energy Release

It is of interest to compare the mean pfémpt kinetic energy (EK)vas .
measured in this wofk with {EK) values for othér fissioning nuclei. Such'
a study carried out recently by Viola et al. included data for fission in-
duced by heavy ions.ll (Experimental evidence indicates that (EK) depends
only on the nucleus undergoing fission and is independent of its excitation

11,_6)

energy .
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It may be useful to represent the experimental results in such form
that they may be interpreted from a theoretical point of view. Swiateck_i12
suggested that the experimental values might be expressed in terms of £ as

a function of the fissionability parameter-X:

_ (EK) _ {EK) , _
f T Eso ) 17:81-A?/3 *)

x - LA )
50+ 13 -
Here (ESO resembles the nuclear surface energy in terms of the liquid-drpp
modél), _

The straight line representing all other data (Viola et al.ll) is
shown in Fig. 6 together with the points representing fhe experimental results
of this work.

The variation in the mean total kinetic energy released (ET) as a
function of the mass fraction MF (Fig. 5) is about the same for all the
isotopes studied here. However, the decrease in (ET) for symmetric fission
relative to the maximum value of (ET) tends to decrease for increasing 2.

It should be emphasized that the data in Fig. 5 have not been corrected for

experimental dispersions.
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~ B. Mean Values of the Mass Distribution (Asymmetry)

'As mentioned previously, all mass-yield curves show a strong asymmetric
distribution. A possiblevexplanation may be in models. that have been pro-
@osed to explain as&mmetry in fission. In attempting to interpret the
variation in the degree of asymmetry as a function of VZQ/A, we:consider
two models. The first, based on some qualitative features of the liguid-
drop model was proposed by Swiatecki.15 He suggested that the square of the
asymmetry should decrease linearly with Zz/A, the fissionability parameter.
The definition of the asymmetry'isvarbitraryf Swiatecki used the most
probable values of the radiochemical mass-yield curve. Milton suggested
that the mean values of the primary mass distributions would be ﬁore adequate

1L ' '
to express the overall picture. Accordingly the asymmetry can be defined

as

L wowm

where (MH) and (ML) are‘tﬂe mean values of the heavy- and light-fragmént
mass distributions respectively, and A is the initial mass. The results‘
expressed in this way are shown in Fig. 7(b). Data from the slow-neutron-
induced fission of U255, U255,.énd Pugé9 as described by Milton et al. are
also included.15 The other daté aré taken from Hyde's compilation.l The
relationship between AS2 and ZE/A is crudely described by a straight line.
Recently Johansson proposed another interpretation of the asymmmetry iﬁ
fission. He used the collective model for which Niléson caléulated the
energy levels of the single nucleoné at vérious deformations of the‘nucleus.
Johansson showed that the interaction between levelsvof opposite parity lower

the potential energy when the nucleus is asymmetrically deformed. This implies
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that the nucleus is asymmetrically deformed at the saddle point and that this
asymmetric deformation might be responsible for the asymmetric mass split.
On the basis of these considerations Johansson proposed that the mass ratio
. e T
(MH)/{ML) should decrease approximately linearly with Z°/A. Figure T(a)

shows the experimental data plotted in “this way.

C. Variances (Widths) of the Distributions

As mentioned above, the variances in the mass gnd heavy-fragment
energy distributions increase with 2 and seem to increase with A. The
variance in the light-fragment energy distribution is essentially constant.
We propose to show these variances as functions of ZE/A (Fig. 8). We also
include the slow-neutron-induced fission data reported by Milton et al-l5f:An
increase in the variance with Z2/A can be observed for the mass and heavy-
fragment energy distribution. It is also possible to draw a straight line
through all these points. This correlation is as: good (or bad) as all others
in which experimental data such as the spontaneous-fission half life or
asymmetry in the mass distribution is plotted against Z2/A.l

-Since comparably simple featureé of the fission process, such as the
total kinetic-energy release and the asymmetry in the mass distribution, can
scarcely be interpreted from a theoretical point of viewsze cannot expect to
interpret the variances in the distributions. However, one proposal is
mentioned which considers qualitatively the trends in the variances of the
mass distributions.

Figure 9 shows the asymmetry AS as a function of the variance 02<M) »

in one branch of the mass distribution. A large asymmetry is usually
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accompanied by a small variance and vice versa. As mentioned previously,
Johanesoﬁ suggested that the asymmetry of the mass distribution is connected
with an asymmetric deformation of the nucleus at. the saddle point. He showed
that for large asymmetries the valley in the potential-energy surface is
"sharp”, while for small asynmetries the valley is rather "shallow," as
represented in Fig. 9. A sherp valley'might be connected to a narrow mass
distribution, resulting in a small variance, or a shallow valley might be
connected with a wide mass distribution and a large variance GQ(M), which

would account for the general trend in the decrease of AS with increasing

Ge(M).16,17

V. APPENDICES

A. Some Effects of Neutron Emission

The solid-state detectors were calibrated for energy with Cf252.

Time-of-flight measurements of the fission fragments of Cf252 show that
the most probable light fission-fragment energy is 104.7+1.0 MeV for the
primary fragmeﬁts.5 The light ffagment emits an averageaof 2.1 neutrons.9
The most probable»light-fragmentvenergy measured with solid-state detectors
is therefore 102.9f1.0 MeV. On this basis the mean value of the light-
fragment energies was found to be 102.211.0 MeV. It is easy to compute the
mean values of the distribution. Therefore, the detector was calibrated
finally in such a way that the mean value for the light-fragment energy
distribution of Cf252 was 102.2+0.2 MeV. Similarly the most prebable heavye

fragment energy was found to be 78.9+1.0 MeV. The mean value used for the

calibration was 78.2+0.2 MeV.
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The most serious and complicated influence of neutron emission enters
in attempting to calculate masses from the kinetic energies. Terrell showed
recently that neutron emission introduces both a shift in the mass distri-
bution and a dispersion of the mass distribution when fission-fragment masses
are determined by methods employed in this work.l8 However, it has been
shown5 thatithere exists no quantitative method for deducing the primary
252

mass-yield curve even for Cf This is due to uncertainties in measure-

ments of the fission-fragment energies and uncertainties in our knowledge N
. , . 252
of the primary mass-yield curve of Cf .
Therefore, it 1s premature to attempt to deduce the true primaryr
mass-yield curves for the isotopes investigated in this work. It should
be emphasized that the mass-yield curves obtained by radiochemical methods
are not directly related to those obtained here; the '"radiochemical” mass-

yield curves are shifted but not dispersed due to neutron emission. The

mass-yield results reported here are distorted primary mass-yield distributions.

B. Approximate Treatment of the Total Energy Balance

If one assumes that all neutrons are emitted from the separated

fragments, the total energy release ETO in a fission event is
ETO = EX + EX , (A-1)
where EX 1s the internal excitation energy of both fragments, and EK‘ is

the kinetic energy of the fully accelerated primary fission fragments. The

excitation energy of the fragments is lowered by the emission of a number
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of neutrons v , each neutron reducing the excitation energy by the kinetic
energy KEN it carries off and by its neutroh'binding energy NBE. The ex-
citation energy is also lowered by the emission of gamma rays; this energy

is EG. Therefore, we have for one fission event

Ex = G + % tKEN (n) + NBE (n)]'. | | | (A-e)
n=1

Averaged in weighted form over all possible fission_modes, the total energy

balance can be written

(Br0) = (mO) + T (W) + (@) + (@6).  (a-3)

The average total energy release (ETO) for the isotopes considered
here was calculated using Milton's recently computed energy-release values
for each pair of fragment masses.19 The mass-yield curves were taken from
the present work. Also we have computed the ETO values from the right-hand
side of Eq. (A-3) and denote the result with (ETC). Here(EK)is measured
experimentally, Vv is either known experimentally or estimated as pre-

viously mentioned, (NBE) can again be computed by using Milton's tables,l9

252

(KEN) is known experimentally for Cf and assumed to be equal for all
isotopes investigatéd,9’lo and (EG) is assumed to be 8.5 MeV for all in-
vestigated isotopes.

Table IIT shows the results of these calculations. The last column_
contains the difference D between (ETO) and (ETC). It is interesting that
the agreement between (ETO) and (ETC) is better than could be expected in

view of the uncertainties in the measurements and the assumptions that were

made.
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Table I. Some experimental details concerning the investigated isotopes.

Tsotope Pl 5o o2 020 248
- i
Production peth o (n,v) ce22 B g295 (n,vy) 2t % PP Y
E25u(m)g; 7293 E25u(m)e;§. 220 B, Cm248
Fm25u o f251» o220
Approximate 1000 b 40 5  Loo
activity at start
of experiment
(fissions/min)
Total events 81900 11800 83800 12100 70000
recorded '
o5 25k
Fraction of events < 0.1 < 6 Cf 2 b 20 1.5 E (5+1)
due to other fission )
activities (fissiond) <6B* 2 cP? < b PR g2
. e a ' ->5
Half-Life 3.2 h 20.0 4 60.5 d 13 y 4h.7:10%y
Ni-foil thigkness
(in pg/cm”)
source 140+10 2ko 17010 210 . 210
Cf222 sta 170 210 150 220 210

ar. Phillips, R. C. Gatti, R. Brandt, and S. G. Thompson, Spontaneous Fission

254 250

Half Lives of Cf ) Fm255 , and Cf , Lawrence Radiation Laboratory

Report UCRL-10464, Sept. 1962 (submitted to J. Inorg. Nucl. Chenm.).
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Table II. Properties of the energy and mass distributions.

Fmesu 7253 Cf25u | 0§22 0p250 o 8
(EH)® 81.7¢1.0 81.6£1.5 79.5tl.0 78.210.2 79.0:1.5 76.5:1.0
(EL)b ©104.0£1.0 103.4%1.5 102.1%1.0 102.2%#0.2 103.5%¥1.5 100.0%0.8
(ET)¢  186%2 18543 182%2.0  180.4%0.5 182.5%3  176.5%2.0
()% 189:2 1883 185+2 183.0%0.5 185%3 17942
(ML)® 111.5+0.3% 111.3x0.5 110.940.4 109.1+0.2 108.0+0.4 107.3*0.3
(mﬁf 142.5+£0.3 141.7+0.5 14%.0%0.4 1L2.9+0.2 141.9x0.4 140.7%0.3
GE(EH)—dg 85+2 o5 71£3 81%5 Elx3
(64t2) (71h) (61£2) (81+5) (68+3)
GE(EH)—nh 85+3 877 Thh fan ehx7 60£5
GQ(EL)—d Lzip Lotz Lex2 554 Lox2
(392) (k522) (k522) (55£h) (4322)
02(EL)-n 4343 L3l Lot3 39 3946 38+3
o°(ET)-d 138tk 165+8 1266 146+8 1324k
(110£3) (1304) (1124 | (14625) (133+3)
OQ(ET)-n $ 13845 145+10 12448 110 110410 10945
cg(M)-d 61£2 66tk 5843 6l tl 58+2
(one branch) (52x2) (57+2) (53£2) (66+2) (602)
6= (M) -n 52+% 5045 48+l I3 L1+5 L1+3
a(EH) is the mean energy of the heavy fission fragment.
b(EL) is the mean energy of the light fission fragment.
C(ET) is the mean measured total kinetic energy.
d(EK) 1s the mean total kinetic-energy released (neutron corrected).
e(MH) is the mean heavy-fragment mass distribution.
f(ML) is the mean light-fragment mass distribution. ‘
g02( )-d are the corresponding variances in the distributions as directly

observed together with the value for the Cf252 calibration, which is
given in parenthesis.

' h02( )-n are the corresponding variances normalized to an arbitrary value
for Cfed2,
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Table III. Energy balance in spontaneous fission

Isotope (ET0)° (EX)P (NBE) € Uéxp;d D=(ET0) - (ETC)
(MeV) (Mev) (MeV) (MeV)

Fm?5u 230.4 Li1.7 5.63 k.05 +5
R 225.0 37.1 5.46 3.9° + 2
Cf254 216.5 32.0 - 5.01 3.9 -2
e 216.1 33.2 5.16 - 3.8 -1

| cr=° 216.8 32.0 5.43 - 3.5° -1
on?*® 2049 26.0 5.05 3.3° T

’a<ETO) is the mean total energy release.

b(EX> is the mean fragment excitation energies.

c(NBE) is the mean neutron binding energy.

d v is the mean numbér of neutrons emitted.

€ Estimated value.
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Fig. 1. Contour map in the coordinajé'gﬁ MF (mass-fraction) and
ET (total kinetic energy) for Fm' . The contours are lines
of constant N(ET,MF).
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Fig. 2. ©Single fission-fragment energy spectra for the isotopes

investigated here.
heavy-fragment spectra.

The spectra are subdivided into light- and

H:V:L is the ratio of the number of
events at the peak of the heavy fragments, at the valley between

both peaks and at the peak of the light fragments.

A heavy fragment
0 light fragment
®  both fragments
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MUB-1511

Fig. 3. Mass-yield curve for the isotoges investigated here together
with their respective standard c£e> mass-yield curves. The
statistical errors are either shown or comparable to the size of
the points. ' g
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Fig. 4. Total kinetic-energy distribution for Fm.25)+ together with the

stendard Cf°7°, (FWHM is full-width at half-meximum.)
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Fig. 5. Mean total kinetic energy gﬁlease (ET) as a ction
of the mass fraction MF for Fo° ) E253, and Cm24S ag
compared to their respective Cf252 calibrations.
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Fig. 6. Mean total kinetic-energy release (EK)} 1is represented by
€ = (EK)/EO (Eo - 17.81 - A2/3y

and shown as a functlon of the f1s51onab111ty parameter X.

——Z—- _ The systematlc uncertalnty is shown for the standard

Cf252 For the other cases only errors relatlve to Cf252

((EK) 183 MeV) are given.
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Fig. 7. Change in the asymmetry of the mass-yleld curve.
() BRatio of the mean heavy-fragment mass (MH) to
the mean light-fragment mass (ML) gs & function of
72/A. (b) Square of asymmetry AS® of the mass-
yield curve as & function of Z2/A- The open circles are
points taken from this work. The dots without experi-
mental error represent slow-neutron-induced fission data
(Milton and Fraser). The dots with large experimental
errors represent cases in which only radio-chemical
date are available (as compiled by Hyde).
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Fig. 8. (a) ' The variance 02(M) in one brench of the mass-
yield curve as g function of Z2éA. The points are
normalized to (M) = 43 for Cfe52., (b) The variance of
the heavy-fission-fregment energy spectrum EH) and of
the light-fission-fragment energy spectrum (EL) as a
funetion of ZQ/A. The values are uncorrected for neutron
emission, but normalized to one (arbitrary) set of ¥ lues
for Cf292. glow-neutron induced fission data of U°-2,
U235, and Pu239 are included (Milton et al.1d), :
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Fig. 9. (a) Asymmetry AS as a function of the variance 02(M)
in one branch of the masgs-yield curve. The values are the
same as those used for Fig. 8. (b) Qualitative interpretation
of Fig. 9(a) as suggested by Johansson. Potential energy
as a function of asymmetric deformation a3 of the nucleus

at the saddle point.



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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