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ABSTRACT

Calculation of barrier penetrabilities, reduced widths, and hindrance
factors for odd-mass alpha-particle emitters is made by using the diffuse
exponential nuclear potential derived from optical-model analysis of alpha
‘elastic scattering data. The calculations are made on the same basis as for

even-even alpha emitters, reported in a previous publication.

* S
Work performed under the auspices of the U. S. Atomic Energy Commission
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John O. Rasmussen
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March 1959

In a previous publication,l hereafter referred to as I, the calculation
of alpha-decay barrier-penetration factors by using an exponential nuclear
potential was discussed in detail and numerical results for all measured
alpha transitions of even-even nuclei were given. The nuclear potential used

was the real part of a potential by Igo to fit alpha elastic scattering data.2

1.17 A3 _
057

V(r) = -1100 exp Mev.

Details of the IBM-650 computer calculation of the barrier-penetration factor
P based on experimental alpha-decay energies are given in I. After calculation
of P the experimental alpha-decay rate information is used to calculate a

"reduced alpha-emission width" 62 from the expression

A = B P/n,

where A is the decay constant and h is.Planck's constant.

The computer program permits inclusion of the centrifugal potential for
any desired value of angular mcomentum. In contrast to the even-even nuclei of
spin zero, where only one value of £ is allowed for a given decay group, one
usually exﬁécts a mixture of two or more £ values in the alpha groups of odad
nuclei with I » 1/2. 1In only a few cases is this admixture experimentally
known, so that we have chosen, in the spirit of the "hindrance factor"
concept, to calculate all barrier penetrabilities here with £ = O.

The experimental data used and the calculated P and 62 values are given
in Table I. The data are taken mainly from the 1958 Table of Isotopes.3 Table
I also lists in the last columm the hindrance factor, F, and the basis of calcu-

lation of F needs further discussion.

e
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The hindrance factor is the factor by which a given alpha group decays more
slowly than would be calculated by simple barrier-penctration theory, normalized
to the ground-staste transition retes of neighboring svem~even nuclei, The
hindrance factor is to alpha decay what the fot velue is to beta decay. There
is an arbitrariness in the process of determining the normal unhindered rate
from even~even neighbors. The previous extensive tabuletions of hindrance factors
(or "departure factors” as they were earlier called) have usually normalized to
some average behavior of even-even nuclei over a region.u’s Asaro has made
calculations of F for odd-A nuclel based solely on the average rate behavior
of the two neerest even=even neighbors. It is this latter basis that was chosen
for the ¥ calculations of Taeble I, i.e.

o2 + 82
1 2
Fe == »
e BOdd
where 85 and Sg'are the reduced widths for ground-state transitions of the

nearest neighboring even-even nuclei {give in Table I of Ref. 1). In those
cases for which the data are unknown for one or both of the nearest even-even
neighbors, the basis for the unhindered rete was taken from the one (or more)
next nearest neighbor(s).

The three~significant~figure accuracy to which calculated results are
given in Table I is seldom justified on an absolute basis because of experi-
mental uncertainties in energies or balf lives. Such accuracy is often
necessary to afford significant comparison of relative hindrance factors of
different alpha groups of the same alpbha emitter, and such relative comparisons

to 1% accuracy are often Justified by accuracy of the data, since only the
relative intensities and energy differences of compared states are of major
importance to the ratio of hindrance factors.

The hindrance factors given in this paper will usually differ only
slightly from those calculated by earlier methods, and the difference will seldom
be significant from an absolute standpoint. The three-figure accuracy of the
computer calculation should, however, make possible more careful comparisons
of relative hindrance Pactors in future theoretical studies.
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For some purposes it may be desirable to know the effect of a nonzero
angular momentum on the calculated values of Table I, and we therefore offer

the following approximate formula:

PL/P0 = exp [-2.027 L(L+l)z'l/2 A'l/6].

This formula uses the calculatedl centrifugal barrier factor Pz/Pu of 5.917 for
£ =14 on a 88Ra22h group of energy 5.481 Mev to normalize the approximate
relationship given in Eq. 22.10 of Ref. 3. The_Z and A in the formula refer

to atomic nﬁmber and mass number of the daughter nucleus, respectively.
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Table I. Alpha Groups of Odd-Mass Nuclei

LTSg-THON

Alpha Decay Data® Assumed for Computation Calculated Results
B ‘ E 4F Partisl o " group Barrier - Reduced Hindrance
Atomic Mass Neutron & "sc. -half life intensity penetration ‘width factor
no. no. - number (Mev)P  (sec) (%) factor P 62(Mev) F
62 147 85 2.201  h.12 (18) 100 1.378(-39) 5.047(-1) 3.01(-2)
63 147 8y 2.921  2.075(11) = 100 1.394(-31)  9.910(-2) 5.07(-1)
S 149 85 3.021. 1.15 (11) 100 2.612(-31) 9.541(-2) 8.93(-1)
65 149 8k 3.972 1.48 7(5) 100 1.692(-24)  1:145(-2)  T7.u44 (0)
151 86 3.422 2.4 (10). 100 1.947(-28) 6.133(-4) 1.39 (2)
83 199 116 5.501 1.578 (7) 100 6.00L(-25)  3.027(-4) 8.26 (1)
201 118 5.181 1.260 (8) 100 1.288(-26) 1.767(-3) 1.4 (1)
203 120 }.881 6.310(11) 100 2.465(-28) . 1.843(-5) 1.63 (3)
211 128 6.651 1.300{(2) 82.6- 9.879(-20)  1.843(-L4) 3.872(2)
' 6.304 - 17.4 4.296(-21) 8.930(-4) 7.993(1)
213 130 5.891 1.382 (5) 100 7.601(-23) 2.728(-4)  L4.061(2)
84 205. 121 5.232 7.260 (6) 100 8.493(-27) 4, 648(-2)  4.99(-1)
207 123 5.132 1.893 (8) 100 - 2.496(-27) 6.066(-3) 3.11 (0)
209 125 . %4.909 3.156 (9) 99. 4 1.279(-28) 7.057(-3) 1.22 (0)
| 4. 652 6 2.896(-30)  1.881(-3) 4.57 (0)
211 127 7.472 5.200(-1)  99.0 2.540(-17)  2.149(-k) 1.82 (2)
6.912 .53 3.302(-19) 8.848(-5) h4.h2 (2)
- 6.5 .50 2.125(-20) 1.297(-3) 3.01 (1)
211 127 - 8.732 2.500 (1) 7.0 8.220(-14)  9.763(-11) 4.01 (8)
| 7.882 2.5 4.437(-16) ~ 6.460(-9)  6.05 (6)
7.7 © 90.5 2.654(-18)  3.910(-5) 1.00 (3)
213 129 8.382 4.200(-6) 100 1.143(-14) 5.970(-2) 1.526(0)
215 131 7.412 1.830(-3) 100 1.892(-17) 8.276(-2) 1.327(0)



Table T (cont'd.)

Alpha Decay Data” Assumed for Computation

Calculated Results

Partial (0

E 4+ Q group Barrier Reduced Hindrance
Atomic Mass Neutron o “sc half life intensity penetration width factor
no. no. number (Mev)P (sec) (%) factor P 5 (Mev) F
217 133 6.572 1.000 (1) 100 2.215(-20) 1.294(-2)  8.840(0)
85 207 122 5.782 7.200:(u) 100 2.006(-24) 1.984(-2)  6.57 (0)
209 12k 5.674 %.320 (5) 100 6.411(-25)  1.035(-2) 1.372(0)
211 126 5.894 6.590 (4) 100 7.926(-2%) 5.487(-3)  1.70 (0)
215 130 8.032 1.00 (-%) 100 5.773(~16) 4.965(~2) 2.332(0)
217 132 7.082 1.800(-2) 100 6.231(-19) 2.556(-1)  8.437(-1)
219 . 134 6.302 5.4%00 (1) 100 6.863(-22) 7.734(-2)  1.965(0)
86 207 121 6.173 1.620 (L) 100 u.18o(;23) %.232(-3) 2.26 (0)
209 123 6.070 1.080 (%) 100 1.565(-23)  1.696(-2) 8.119(-1)
211 125 5.880 2.230 (5) 33.5 2.220(-24) 1.940(-3)  7.702(0)
5.812 . 64,5 1.047(-2k) 7.915(=~3) 1.887(0)
5.646 2.0 1.577(-25) 1.630(-3)  9.168(0)
217 131 7.773 1.000(-3) 100 %.392(-17)  6.526(-2) u.937(o)
219 133 6.8%0  3.92 (0) 69 3.337(-20)  1.512(-3) 1.675(1)
6.575 i5 3.162(-21) 3.469(-2)  7.300(1)
6.450 12 9.866(-22)  8.893(-2) 2.847(0)
6.230 L 1.162(-22) 2.517(-1)  1.006(0)
221 135 6.033 7.56 (3) 100 1.660(-23) 2.284(-2)  7.553(0)
87 219 132 7.333 2.00(-~2) 100 7.244(-19) 1.978(-1) 1.629(0)
221 6.363 2.88 (2) 84 1.612(-22) 5.186(-2) 3.108(0)
6.153 16 1.953(-23)  8.153(-2) 1.977(0)
223 5.373 2.64 (7) 100 2.727(-27) 3.982(-2)  3.852(0)

LT16g-T90n



Table I (cont'd.)

Alpha Decay Dataa Assumed for Computation Calculated Results

E 4F Partial « a group Barrier Reduced Hindrance

Atomic Mass  Neutron a sc half life intensity penetration width factor

no. no. number  (Mev)P (sec) (%) factor P 82(Mev) F

88 221 133 6.758 3.0 (1) 100 T2.065(-21)  k.627(-2)  2.98L(0)
223 135 5.894  1.17 (6) 1 k.322(-25)  5.668(-5)  7.505(3)

5.767 9 1.o43(-25)  2.114(-3)  6.717(1)

5.738 53 7.276(-26)  1.784(-2)  7.958(0)

5.626 24 1.931(-26) 3.045(-2)  L4.664(0)

5.559 | 8.559(-27)  2.576(-2)  5.513(0)

5.521 2 5.359(-27)  9.142(-3)  1.513(1)

5.452 3 2.261(-27) 3.251(-2)  4.368(0)

89 223 134 6.675 1.32 (2) 100 bo2hl(-22)  5.116(-2) 2.699(0)
225 136 5.853 8.6k (5) 5k 9.504(-26)  1.885(-2) 7.745(0)

5.817 28 6.282(-26)  1.478(-2) 9.878(0)

5.756 9.5 3.086(-26)  1.021(-2) 1.430(1)

5,748 | 2.6 2.808(-26)  3.07L(-3)  4.754(1)

5.707 .8 1.728(-26)  1.535(-3) 9.5k (1)

5.662 3.8 1.008(-26) 1.251(-2) 1.167(1)

5.63h | ’ .6 7.182(-27)  2.77(-3)  5.269(1)

- 5.605 T 5.042(-27) u.6Q6(-3) 3.170(1)

. 5.578 S .07 3.618(-27)  6.418(4)  2.275(1)

227 138 h.977 5.68(10) 100 1.171(-30) h.310(-2) 3.202(1)

90 225 135 6.605 5.40 (2) 100 8.471(-23) 6.266(-2) 2.31 (1)
227 137 6071 1.62 (6) 23 3.8u8(-25) 1.057(-3)  1.277(2)

' 6.042 ' 2.8 2.780(-25) 1.770(-%) = 7.627(1)

LTSg-Td00




Table I (cont'd.)

Alpha Decay Dataa Assumed for Computation Calculated Results
_ E 4F Partial o a group Barrier  Reduced Hindrance
Atomic Mass  Neutron a sc half life intensity penetration width factor
no. no. number jMEv)b (sec) (%) factor P 52(MEV) F
6.011 2l 1.985(-25)  2.139(-3)  6.311(1)
5.993 3.5 1.625(-25)  3.811(-L)  3.542(1)
5.949 - .9 - 9.912(-26) 1.606(-4)  8.406(1)
5.900 3.0 5.679(-26)  9.347(-4)  1.huh(2)
5.840 1.0 2.8L2(-26) 6.225(-4) 2.169(2)
5.828 .3 2.471(-26) 2.148(-4) 6.288(2)
5.796 -3 1.699(-26) 3.125(-4)  k4.321(2)
5,790 21 1.583(-26) 2.348(-2) 5.750(0)
5. 747 5.0 9.507(-27)  9.304(-3)  1.451(1)
5.743 8.7 9.063(-27)  1.698(-2) 7.95 (0)
- 5.734 4.0 8.139(-27)  8.694(-3)  1.553(1)
5.727 1.5 7.484(-27) 3.546(-3)  3.807(1)
5.702 1.9 5.541(-27) 6.067(-3) 2.225(1)
229 139 5.055 2.316(11) 10 1.128(-30)  1.097(-3) 1.1kk(2)
4.975 20 3.467(-31)  7.138(-3) 1.760(1)
}.885 70 8.881(-32) 9.754(-2) 1.288(0)
oL 227 136 6.496 2.70 (3) 100 1.104(-23) 9.617(-2) 1.30 (0)
229 138 5.726 5.05 (7) 100 2.507(=~27) 2.26L4(-2) 5.47 (0)
231 140 . 5.081 1.08(12) 10 5.095(-31) 5.200(-4) 2.29 (2) -
5.052 23 2.329(-31)  1.834(-3) 6.51 (1)
5.036 24 2.628(-31) 2.424(-3)  4.93 (1)
5.006 2.3 1.681(-31) 3.63L(-4)  3.29 (2)

LT68-Td0Nn




Table I (cont'd.)

Alpha Decay Da'taa Assumed for Computation

Calculated Resulfs

Hindrance

B 4% Partial o a group Barrier Reduced
Atomic Mass Neutron @ 3¢ half ;ife intensity pemetrstion gidth factor
no. no. number (Mev)® (sec) 5 factor P 5°(Mev) F
5.973 22 1.02k(-31)  5.703(-3) 2.09 (1)
4.956 2.8 7.914(-32)  9.389(-4) 1.27 (2)
L. 87h 1.h 2.241(-32)  1.658(-3) 7.20 (1)
4.757 11 3.496(-33)  8.350(-2) 1.43 (0)
4. 731 1.k 2.291(~-33) 1.621(~2)  7-37(0)
4,702 2.1 1.400(-33)  3.978(-2) 3.002(0)
92 227 135 6.836 7.8 (1) 100 1.042( -22) 3.527(-1) 2.70(-1)
229 137 6.456 1.8 (b) 100 2.784(-2k) s5.720(-2) 1.91 (0O)
231 139 5.486 6.63 (9) 100 4.071L(-29) 1.062(-2) 1.11 (1)
233 1kl k.852 5.11(12) 83.5 L,6L5(-33) 1.008(-x) 1.11 {(0)
L. 809 14.9 2.335(-33)  3.579(-2) 3.1k (0)
k. 752 1.6 9.248(-3%)  9.704(-3) 1.16 (1)
k.525 .03 1.937(-35)  8.687(-3) 1.29 (1)
235 143 4.595 2.24(16) 6.7 7.062(-35)  1.214(-4) 8.871(2)
%.556 2.7 3.584(~35)  9.638(-5) 1.116(3)
4.502 0.9 1.381(-35)  8.338(-5) 1.292(3)
4. k0T 29 2.469(-36)  1.503(-2) 7.162(0)
4.39h 43 1.942(-36) 2.833(-2)  3.800(0)
4.375 12 1.365(~36)  1.125(-2) 9.573(0)
k.212 5.8 5.991(-38)  1.239(-1) 8.695(-1)

-OT—
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Table I (cont'd.)

Alpha Decay Dataa Assumed for Computation Calculated Results
E 4E Partial ¢ « group ‘ Barrier Reduced Hindrance
Atomic Mass Neutron "o sc half life intensity penetration width factor
no. __ no. number  (Mev)P (sec) (%) factor P 82 (Mev) F
93 231 138 6.316 1.8 (5) 100 2.h11(-25) 6.603(-2) 1.86 (0)
233 140 5.566 2.209(8) 100 3.833(~29) 3.385(-1) 2.76(-1)
235 142 5.097 1.009(12) 100 5.992(-32) k. 780(-2)  2.01 (0)
237  1hk 4.909 6.94 (13) 3.1 3.612(-33)  3.545(-4) 2.555(2)
4.853 3.5 1.481(-33) 9.761(-4) 9.278(1)
L4.824 53 9.274(~34) 2.360(-2)  3.837(0)
4.803 29 6.698(~34) 1.788(~2) 5.064(0)
L. 750 1.7 2.754(-34)  2.549(-3)  3.552(1)
4. 710 3.3 1.435(-34)  9.497(-3)  9.535(0)
}.681 6 8.643(-35) 2.867(-2)  3.159(0)
4,626 .5 3.367(-35)  6.132(-3)  1.h77(1)
4,557 .02 1.007(-35) 8.204(-4) 1.104(2)
9L 233 139 6.337 1.20 (6) 100 1,101(-25) 2.169(-2) 5.16 (0)
235 1L 5.887 7.89 (7) 100 7.130(-28) 5.095(-2) 1.97 (0)
237 143 5.687 1.19(11) 21 6.446(-29) 7.847(-5)  1.059(3)
5.397 79 1.388(-30) 1.371(-2) 6.061(0)
239 145 5.184 7.67(11) - 72.5 7.223(~32) 3.751(-2) 2.476(0)
5.171 16.8 5.967(-32) 1.052(-2) 8.827(0)
5.133 10.7 3.398(-32)  1.177(-2) 7.890(0)
5.101 .037 2.105(-32) 6.569(-5) 1.41L(3)
5.036 013 7.838(-33)  6.198(-5) 1.498(3)
L.954 .005 2

.192(-33)  8.525(-5) 1.089(3)

-'['[—
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Table I (cont'd.)

Alpha Decay Dataa Assumed for Computation

Calculated Results

Barrier

E 4E Partial @ @« group Reduced Hindrance
Atomic- Mass Neutron o “sc half life intensity penetration width factor
no. no. number  (Mev)P _(sec) (%) factor P 52(Mev) F
241 147 4.930 9.47 (12) 75 1.621(~-33) 1.400(-1) 7.1&(-1)
%.885 25 7.901(-34) 9.576(~2) 1.0k (0)
95 237  1k2 6.048 9.47 (7) 100 1.670(-27)  1.813(-2)  4.847(0)
239  1hk 5.788 1.04 (9) 100 T.766(-29)  3.545(-2) 2.345(0)
2ll 146 5.573  1.1455(10) b2 5.240(-30)  1.579(-k) -5.598(2)
5,541 .2k 3.421(~30)  1.387(-4)  6.395(2)
5.51k4 8k.3 2.380(-30)  6.978(-2) 1.267(0)
5,471 13.6 1.328(-30)  2.017(-2)  4.381(0)
5.417 1.4 6.317(-31)  4.365(-3) 2.025(1)
5.352 .015 2.543(-31) 1.162(-4)  7.608(2)
5.308 .00k 1.361(-31)  5.791(-5) 1.526(3)
243 148 5.377 2.493(11) .17 3.801(-31)  5.023(-5) 1.57 (3)
5.346 .16 2.514(=~31) 7.316(-5) 1.08 (3)
5.30k 86.9 1.383(-31) 7.226(-2)  1.09 (o)
5.262 . 11.5 7.547(=32)  1.752(-2) 451 (0)
. 5.207 1.3 3.377(~32) h.426(-3)  1.78 (1)
96 24 15 5.988 3.156 (8) 100 3.118(-28)  2.913(-2)  2.701(1)
243 147 6.099 1,105((9) 1. 1.241(-27) 2.090(-5)  3.220(3)
6.092 5 1.144(-27) 1.134(-4) 5.935(2)
6.043 .9 6.130(-28)  3.630(-5) 1.854(3)
6.025 6 5.194(~-28) 2.996(-4)  2.246(2)
5.938 .1 1.826(-28)  1.420(-5) k.739(3)

-ZT—
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Table I (cont'd.)

Alpha Decay Data® Assumed for Computation

Calculated Results

B 4E Partisl a o group "Barrier ‘i%educed Hindrance
. Atomic Mass Neutron “a s¢ half life intensity penetrsation yidth factor
no.  no. number  (Mev)® (sec) (%) factor P o (Mev) F
5.910 -5 1.300(-28)  9.995(-5)  6.733(2)
5,818 73 4.14%9(-29)  k.564(-2) 1.475(0)
5.TTh 1.5 2.3&(-29)  1.253(-2) 5.371{0)
5.718 1.6 1.163(-29)  3.569(-3) 1.886(1)
5.7L4 .2 1.104(-29)  b.700(-4) 1.432(2)
5.672 .15 6.401(-30) 6.078(-k) 1.107(2)
245 149 5. 488 L8(11) 15 5.893(~-31)  1.651(~-3) 3.923(1)
5.398 T7 1.684(-31)  2.966(-2) 2.189(0)
5.348 8 8.281(-32)  6.267(-3) 1.036(1)
97 243 146 6.759 1.518 (7) 30 5.337(-25)  1.021(-4) 6.824(2)
6.589 53 9.362(-26)  1.028(-3) 6.775(1)
6.239 A7 2.067(-27) 1.498(-2) h4.652(0)
245 148 6.4k09 3.58 (8) 33 1.476(-26) 1.790(-k) ‘ 3.h25(2)
6.209 1 1.576(-27)  2.083(-3) 2.943(1)
5.929 26 5.653(-29)  3.682(-2) 1.665(0)
2k7 150 5.709 3.156(11) 37 3.729(-30)  9.010(-4) 4.96 (1)
5.549 58 4.398(-31)  1.198(-2) 3.73 (0)
5.339 5 2.289(-32)  1.984(-2) =2.25 (0)
249 152 5.459 1.23 (12) ok 1.362(-31)  1.608(-2) 3.694(0)
5.069 6 %,183(-34) 3.382(~1) 1.777(-1)
98 25 17 7.150 7.92 (3} 100 9.046(-24) h.o01{-2) 1.k {0)
2kg 151 £.23h 1.1k (10) 1.9 8.100(~28) 5.808(-6) 8.833(3)
6.179 1.1 L. 279(-28) 6.463(-6) 8.061(3)
6.112 .4 1.943(-28) 5.175(-6)  1.007(4)
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Table I (cont'd.)

Alpha Decay Dsta® Assumed for Computation

C=zlculated Results

E 4E Partial « Q@ group Barrier Reduced Hindrance
Atomic Mass Neutron “@ “sgc half life  intensity penetration wyidth factor
no. no. number (Mev)® (sec) (%) factor P 5%(Mev) F
6.030 .08 7.260(~29) 2.770(~6) 1.881(%)
5.961 3.3 3.991(-29)  2.079(-4) 2.506(2)
5.938 1.2 2.345(-29)  1.286(-4) 4.051(2)
5.882 3.0 1.163(-29)  6.485(-4) 8.033(1)
5.846 8k 7.369(-30) 2.866(-2) 1.818(0)
5.818 .5 5.152(-30) 2.hho(-b) 2.135(2)
5.789 b.b 3.586(-30)  3.119(-3) = 1.670(1)
5.727 b 1.580(-30)  6.366(-4) 8.184(1)
99 29 150 6.800 5.45(6) 100 1.275(-25)  4.131(-3) 1.08 (1)
251 152 6.520 2.52(7) 100 7.243(~27) 1.570(-2) 3.78 (0)
253  15h 6.673 1.73(6) 90.2 3.982(-26)  3.753(-2) 1.98(0)
6.632 7.7 2.587(-26)  k.931(-3) 1.50 (1)
6.592 .8 1.689(~-26) 7.8u5(~4)  9.440(1)
6.580 .9 1.486(-26) 1.008(-3) 7.376(1)
6.537 .25 9.355(-27)  L.k27(-k) 1.672(2)
6.519 1 7.697(-27)  2.152(-4)  3.441(2)
6.469 1 5. 458(-27)  3.716(-4)  1.993(2)
6.269 .04 5.895(~28) 1.124(-3) 6.589(1)
6.249 .05 3.725(-28) 2.230(-3) 3.321(1)
6.216 .02 2.529(-28)  1.310(-3) 5.653(1)
100 251 151 6.931 2.52(6) 100 1.834(-25) 6.200{-3) 8.31 (0)
253 153 6.891 3.54(6) 100 1.322(-25) 6.123(-3) 8.251(0)
255 155 7.071 7.74(h) 100 8.391(~25) L.413(-2)  1.145(0)

It is to be most strongly emphesized that this table is"not to be used as a reference for

»Q‘Tn

energy and half life data. In many cases only the crudest partial alpha half life or energy
values are to be found in the Table of Isotopes. We give in Table I numbers used in the
computer, simply in order toc facilitate correcting the table for revised experimental measurements.
b. Alpha particle energy plus orbital electron screening correction.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

w?

A.

mission, nor any person acting on behalf of the Commission:

Makes any warranty or representation, express
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe pri-
vately owned rights; or

Assumes any liabilities with respect to the use

of, or for damages resulting from the use of any
information, apparatus, method, or process dis-

closed in this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the
Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any

information pursuant to his employment or contract with the
Commission.
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