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Hyperf1ne Structure and Nuclear Moments R
o '-..-'_of Br89 and BrSOm (*) |

| 'Matthew B. Wh1te, T Edgar Lipworth, 1 and Seyrnour Alpert:§ |

o . . Lawrence Rad1at1on Laboratory
, ' L . University of California .
~.* . Berkeley, -California

October 14, 1963

ABSTRACT

The hyperfine_-structure;interaction constants have been measured in. -
. Lo 80 80m el
the ground states of 418-min Br = and 4.5-h Br « The method used was
that of atomic-'beamv-ra_dio-freq'u‘ency spectroscopy with radioactive detection.

- The results are: ]a(Br80

with 2 <0; and a(Brsom) = 166.05(2) Mc/sec and b(Br

)| = 323.9(4) Mc/sec, Ib(Br20)| = 227.62(10) Mc/sec )

8°m) = '-874.9(2) Mc/sec.

,',The magnet1c-d1pole and e1ectr1c quadrupole moments of these 1sotopes were -

”calculated from the measured 1nteract1on constants and known nuclear data o

.vrfor the stable Br isotopes; these moments are: ]p.I(BI‘ )] = 0. 5138(6) nm, ]Q(B 0 ) v

='0.199(8) barn, Q/p.I > 0; p.I(Br ™) = 1 3170(6) nm Q(Br8°m

) = 0 76(3) barn. -
The p.I s are corrected’ for d1amagnet1c sh1e1dmg and the Q‘ s are. corrected for

core polanzatlon effects.
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| INTRODUCTION
' o 76 75 ' | |
The nuc1e1 Br = and Se possess large quadrupole moments, which
K mlght lead one to suspect the existence of 1nc1p1ent collectwe effects in th1s
reglon of the per1od1c table. L The work descr1bed in th1s paper was 1n1t1ated -
to vfurthe.r explore‘ this possib111ty. -‘Addxtlonally. the isomeric relat1onsh1p
existing between Brsofn and Br80 is an attractwe feature wh1ch 1nV1tes companson o

~ of the nuclear moments of these two 1sotopes. R

EXPERIMENTAL METHOD

- The experimental method used was standar.d a'tomic-‘beam ma_.‘gn.etic-
’resonance spectroscopy w1th radioactive. detect1on.‘ Thei "ﬂop-in" atomic-beam' |
~apparatus, and 1ts alhed equ1pment, was essentlally the same as that used for |
.prev1ous work and has been descr1bed in _deta11 by Garvm et al.-z The main |
" modification 'was.the incorporation of a new "C" ‘magnet with very accurately‘
, _'aligned pole tips. The un1form1ty of the C field was. thus conS1derab1y 1mproVed
in the case of the K39 resonances used for magnet1c -f1e1d ca11brat1on purposes,
'line widthsvat half max1mum 1ntens1ty remamed around 40 kc for all f1e1ds from
0to 500 G.. This represents an improvement fin:accuracy over the originalﬂ )
apparatus of about a factor of 50 at 500 G. |

| The Brso and Brs_o ~ were produced hy bombardmg 3-to 4-g lots of
KBr crystalls' With thermal neutrons.,' Bombardment t1mes ranged from 15 min
'to 4 h dependmg on the neutron flux used Although the 18-mm Brso, wh1ch was |
- '%produced dlrectly by neutron bombardment, qu1ck1y decayed away. the decay of
| B 80m to Brso prov1ded a contmuous supply of th1s 1sotope. once secular .-

: equ111br1um was attamed In thxs way. atomlc beams contammg an apprec1ab1e

. percentage of B_r80 could be produced for penods of trme rangmg from 5 to -

8h.
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Elemental bremine was obtvained from the target material and dissociated
.inte an atomic beam using the same ehemical procedures and disché,rge tuﬁe
‘ descx"ibed by Lipworth et -1, L The atoms were collected on freshly fla.med
platinum foils, whlch. though exh1b1tmg only 80% of the Qollectmn eff1c1ency
of silver surfaces used earher, were more un1form and consmtent in their _

behavior.

THEORY
The general fheory needed fof the determination of spins, hyperfiﬁe
structures, and nuclear moments of free.atoms by vtvhe method‘of atomic-beam
redio—frequency 8pectrosco?y is -given detailed discussion in two review a_‘i"ticles,' 3,4
a.nd application of the method to the particular ciase of bromine isotoioee is fully

treated by Garvin et al. 5

- Therefore, only the 'reéults of the theory that are a
necessary for an understanding of the measurements. reported below are given
here. The meanings of the various symbols are quite standard and are the same

‘as those adopted by Garvm et al,

The Hamiltonian (in umts of Mc/sec) is
3(1- J’) + ‘3/2_1- £.~.1_(1+ 1)J(J’+ 1) poH

. e | o kol
3= al- J+b = . : 8y —— J,-8 o I,

where_
@ 3) = 4/2 [F(FH) = I@+H) - 104)],

~a is the magnetic -dipele-i;iter_é;ctio_ri constant,’ and b is the electric’-guadrupole?-

interaction .constant.



,-3- .+ . UCRL-11013
If it is assumed that the 2P3/2 ground state of Br arzses from a pure
: . :

4sz4p5 conﬁguratmn and that this ground state represents a case of pure L- S

o cquplmgs ® then the hyperfine-interaction constants are g1vqn (m units of Mc/sec)

by the expressionss»' _
I m 2L(L+1) '
T 1M M_ 3(3+1) j th ) <‘.1/_r ) @
and _ VA | N
, efq 251 N 3\ L e
b= - b _(R(L.fTaZi) <1/r>‘. ' N <

hx10 2J+2

For two isotopes x and y we have, from Eq. (2),

wtd =) 384 S | @ |
This equation can be ueed tc .calculate the unknown nuvc.lea.r moment By of an !’.
isotope from its 'a" value, provided the B and "an value of another isofcpe of
the element is available. This equation is valid under the asAsump_tion that t‘:he’ '
hyperfine anomaly can be ignored and would thus_‘be expected to hold Quite
accuratelyv6 for the.ZP‘3/Z state of Br. ' Alterna‘cively, _au_'expiicit expression for
pp can be obtaine|d by eliminating the unknown <1/r3> cerm £"rom'E_q. (2) if we .
use an expression given by Casimer'?-"for the ﬁne-s_t_ru,ctu_re separation’ (in units :
of cm-i). We then have o | | | |

2

o - |
5= o Z, (2L+1)CFC(L,Z) <1/r3> S >

where Z, is the ''effective charge' that the valence "hole""experiences While_ "
inside the electron core; -Z can 'be estimated from optical' spectroscopic da‘ta._" i
- with an accuracy of about 5%. By solvmg Eq. (5) for <1/r > and by

subst1tut1ng the result mto Eq. (2) y1e1ds (1n umts of the nuclear magneton)
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- ' T(J+1)(2L+1) A :
M=o c Z; /.1_.7\._.,+T)—- JC/? S e (6)
To obtain an expressmn for Q mvolvmg only dlrectly measurable quant1t1es,

e1ther Eq (2) or Eq. (5) can be used to ehmmate the <1/r > term from Eq (3).

The use of Eq. (2) g1ves S

DATA AND R'ES'_ULTS |
The hyperfine-interaction_ const-ants: a. and:,h"' were determlned for Br80
and Bro0™ .by measnring the frequencies of‘1>5‘ r'f resonances for each isotope
vat magnetic fields ranging from 5 57 to 504 33 G. The '"observable" flop -in:
transitions studied are shown in the schematlc energy -level d1agrams of Flgs‘ 1

and 2- for Br80 and Br80m

, respectwely These d1agrams, which show the °
'correspondence between hlgh- and low f1eld transnlons, are drawn under the
- assumption that B is pos1t1ve and that the hyperfme levels exh1b1t normal ordermg

for both Brsoland Br80m In constructmg the d1agrams, we made use of the '

[ o
known nuclear spins8 I(Br o) 1 and I(Brs.qm) = 5. Observable trans1t1ons

(i.e.; those for which: mJ- changes to -m; in the h1gh f1e1d l1m1t) w1th1n the
F=1+ J hyperfme level are demgnated by o., wh11e those w1th1n the F = I + J- 1.
level are labeled (8. ’I‘he resona.nce data were analyzed by using an 1rnproved |
: vers1_on of the computer program descr1bed by Garvm et al. s 5'wl'nch was modlfied
for use on the IBM 7090 dikgitalc'omputer.;' o |

F1gures 3 and 4 show some typ1ca1 1ntermed1ate-f1e1d resonance eurves
' traced out for Brgo and Br8_on_1,' respectwely For both 1sotopes Tables I and II

give: (a) a hst of all frequenc1es at wh1ch resonances were observed together

with the uncertamues in these frequenc1es.'andv-the corr_espondmg _fxel_dsand



o compared with xz_ 4,7 g1ven 1n Table II In the second case, a p051t1ve value
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field uncertainties; (b) the best values of a and b obtamed by the 1east squares '

2

i ~fit (c) the frequency resxduals usmg these values of a and b ; and (d) x“ (a .

‘quantity, that measures the "goodness of f1t.." o

Only a and b were allowed to vary dunng the data f1tt1né process because

. of the high accuracy with wh1ch g3 and gI are known6 for Br79 and Br
In Table I the values of a, b x , ‘and the frequency res1duals are g1ven

where we assume both gI > 0.and 81 '< 0. Although the normal or}dermg of =~

1eve1s assumed in Fig. 1 is apparently veriﬁe’d, no conclusion can be drawn

from the data collle'cted concerning the sign of gi L Ther’efore, b'y taking the

- average of the results for these two cases and by doublmg the errors quoted in

Table I to give a 95% chance that the actual values 11e msule our error 11m1ts, -

we have as the final results for Br80.5 B R I o
la(BrS,o)l = 323.9:&0.4 Mc/sec, L A
and
L. 80, _ ‘
Ib(Br°)| = 227.62£0.10 Mc/sec,

" where b/a <0. By using these results and the solution of Eq. (1) at H=0,

one obtains for Br80 the zero-field hyperﬁne-structure separations - ’

n

|Av(5/2,3/2)| = 5/2a + 5/4b = 525,24 1.2 Mc/sec .
and. |

-|Av(_3/z, 1/2)] = 3/2a i 9/4b 998.0#1.0 Mc/sec.

"

, In Table II, a, b, XZ, ‘and the frequency‘residuals are gi.ven for gi >0

only. That the sign of gI is pos1t1ve and that the level ordermg is normal for,
Br‘80m was estabhshed both by try1ng to f1t the data using a negat1ve gI » rand by
- startmg gI w1th a negatwe va.lue and then allowmg 1t to vary freely while £1tt1ng

the exper1menta1 data. In the f1rst case, a value of x = 50 9 was obtamed as’

of gI cons1stent w1th that obtamed usmg Eq._ (4) was obtamed Doubhng the

81‘ -

-]
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errors given in the 'table, we get for Bi8°'m'_ |
a(Brsom) = 166,05+ C. 02 Mc/sec, . : ,
| N b(BrS‘(_),m) = .87/ 7%0.2 Mc/sec, . L
and | . ' | | ' .
Av(13/2 11/2) 13/2a + 13/2.0b = 510.62£ 0,25 Mc/sec .
and i

Av(11/2,9/2) = 11/2a = 5/12b = 1277.80+0.18 Mc/sec.
The nuclear magnetzc dipole moments are calculated from Eq (4) by
using the a values g1ven above, the a. va.lues rof the stable Br 1sotopes

. measured by King and Jaccarmo, 6 and the correspondmg p.I‘ s tabulated by

Walchli. 9 When thxs is done, we obtam
IJJ-I(BI' O)| = 0,5122(6) nm (uncorrected for diamagnetic'shielding)'l
and | ‘
80m o .y ae
p.I(Br ) = 1.3134(6) nm (uncorrected for diamagnetic shielding). -

- If we multiply by the appropriate diamagnetic shielding factor tabulated:by__
Kopfermann, 10 we obtain the diamagnetically corrected momen_ts

v lp,I(Brso)l = 0.5138(6) nm (corrected)
and A | -
80m

p.I(Br ) = 1.3470(6) nm: (corrected)

Barns and Sm1th1'1 have recommended a value Z = 31 for the effective
charge seen by the valence hole_in Br. When this value and_the_ values of the o

a's obtained above are substituted into Eq. (6),-. one finds .

luI(Brso) calculated = 0. 47 nm (uncorrected), H

and

80m

p,I(B 7) 1 20 nm (uncorrected)

These are in reasonable agreement w1th the precedmg uncorrected values.

calculated

The nuclear quadrupole moments are obtamed from Eq. (7) Use of the

results given a.bove, and the appropnate relat1v1st1c correctlon factors ‘tabulated
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. hy Kopfe'rmann,'io yield |

1a(e=%)

0.191 barn (uncorfected) R

and .

(Br80m)

.0 73 barn (uneorrected)
Mu1t1p11cat1on of the above by the factor C ='1.040, as’ suggested by Sternhe1mer, 12
to account for electron-core polarization effects, glves for the corrected quadrupole
tnoments | | ‘

]Q(Br80)| = 70.199(8) barn (corrected)
‘and ' | _ |
Q(Brsom)=~0.76(3) barn (cor‘rected).
Because of theinaccuracies ihherent in cerrectioﬁs of this hind, tmcertainties
equal te_the Sternheimer corrections themselves have been assigned to the final
values. Furthermofe, even though the algehraié sign of Q(Br ) is not detexl;nmed by

_the exPenmental data, Egs. (2) and (3), plus the relative signs of a(Br ) and '

_ b(Br ) given in Table I, indicate Q(Br /p.I(Br ) > 0.

DISCUSSION

| Both the ixi’dep‘endent-particle_ shell' model giveh by Mayer et al. 13 and the
collective model by Bohr'et al., 14 ard able to account for the known spins and
parities of the Br80 and Br80rn nuelei, as indicated belew. Calculations ba'sed
on neither nuclear model, howei/exl',. givé good quantitative agreement with the
measured nﬁclear mements; Therefore, just as in the case of Br76 discﬁssed |
by Lipworth et al., Brso and Brsom_prohably represent traxisition casesA where
neither very weak nor very _strong couplihg of the‘ individual hucleons to the nuclear cere‘
_ exists. | | | |

Apphcatmn of the Shell Model
77

In view of the fact that Br' ', Br_??,’ and lBrS',.,. a11 have 3p1ns 3/ 2, wh11e

‘the last two have positive quadrupole moments,é-. 1t seems safe to assume that

v e e S s T S et el e et




[ UCRL-11013
the proton configuration for Br isotopes is.[( p‘3/2)3( 'f5/2)4] 3/2" as suggested -
by Mayer and Jensen. 13 '

"The neutron configurations for BrSO and BrsOm

can be chosen in such a
.Way that (a) the spins are correctly predicted by use of one of the ﬁrennan and
Bernstein15 coupling rules, . (,b) the neutron"co’nﬁgura.tions‘ are the same as-ones
previously assighed.to even-odd nuclei with valence neutrons lying in the sarne'
shell-model sublevel‘as those of‘the. Br isotopes; (c) the positive parity of Brso. .

and the negative parity-of BrSOrn are properly accounted for, 16 and v(d) the relative | _

signs of B and Q for. Brsol and the absolute _'signs' of By and Q for Brsom are p‘redict'ed'.

correctly. These criteria lead to the unique shell-model configuration assignments

. in Table IIIL

As we said, neither of these configurations"leads t'o.accurate predictions
,Of the nuclear mom'ents. Calculat1ons using "effectwe nucleon- gyromagneud
ratios" give the results shown in Table III These possess the.correct algebraic o
signs but are quantitatively far from the experimentally rneasured values.
Some known data pertaining to the odd-odd isotopes of Br as well as dataié
pertaining to related even-odd isotopes of Se are given in Table IV. The results
for Br76 and Brl82 were obtained hy Green et al. 1,5 and the neutron conﬁgurations.'

for these 1sotopes were also assigned by these authors. For Br76., Br82, and

' 'Br80, the relatwe s1gns of B and Q have been well estabhshed but the actual
51gns given in Table 1V, although the most likely on the basis of the data, are not
definitely known From this table the correspondences between a glven Se 1sotope s
and the Br isotope. that has the same neutron conﬁguratmn is qu1te clear. Two o
j\;pomts are particularly noteworthy of mentlon | o |

’a) There is apparently a one-to -one correspondence in the order of neutron-
level filling in Se and in Br.~ ThlS 1nd1cates, as predxcted by the shell model 13
that the presence of the odd-proton confzguratlon has 1_1ttle_ ef{ect on the neutron -

configuration,
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" (b) The difference in the signs of the-magnetic.mOments (or at least the

‘relative signs of By and Q) of Br7§ and Brso, 'vvhich at 'firsvt.‘sight seemssur-, :
| 76

'pnsmg because of other 51m11ar1t1es between these 1sotopes [e. g. ’ I(Br )= B

I(Br ) Ip.(Br )|~,Iu(Br )l, IQ(B 6) lQ(Br )I].{ 1s reflectedbyas1m11ar

= _ [
. difference between Se75 and Se7 andis appa.rently due to radlcally different

‘neutr,on configurations.
Also, the systematic trends in Table IV seem to support the configuration'
' as51gnments ‘and S1gns of nuclear moments g1ven above for Brs_o and Br8(')n'v1 as

well as those given for the other Br 1sot0pes by other authors. In particular,

the p051t1ve 51gns of B and Q for Br82 seem very likely in view of the similarity-

exhibited between this isotope and Br80m. -

Apphcatlon of the Collective Model

Even though the mass number of BrSO and Brsom- lies far outside the range ' |

14

+
v

- where collective aspects of nuclear motion would be expected to be important,.
the possibility that collective effects might be significant is indicated by the low
. shell-model quadrupole -moment_estimates in Table III, and by the apparent

collective nature of the .Br76 nucleus. -
To decide upon collective-model configuration assignments for Br80 and

E Brsom, one must derive appropriate values of the nuclear-deformation parameter »

6 from the measured qu'adrupole moments. In th1s way, one obtams 6(Br80) 0. 24, :

and 6(Br80m) = '0.12.. .That these values are so dlfferent probably reflects the -

. madequacy of a strong couphng approximation. | o o
Un1que collectwe—model conf1gurat10ns emerge for both. Br80 and Brsom,
- if we take any value in the range. 0.1 <§<0.3asa poss1b1e value of § and imrpose',.
vv',on acceptable conf1gurat1ons, the condxtlons that the values (a) are pla.us1ble on '

| the bas1s of the N1lsson level f1ll1ng d1agrams, 14, (b) g1ve the correct spm values

v'when the Gallagher and Moszkowsk1 couphng rules are used (c) g1ve the "

L s
‘,“_‘ .
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correct nuclear parities, and (d) account correctly for the relative signs of

i .
I and Q for Brso'and the absolute ».7ns of p,I and Q for Br8vOm 'I‘hese

conﬁguratlons are given in Table LII and are the same as those prev1ously

assigned by Gallagher and Moszkowsk1 without knowledgeof the‘nuclear momvents'. 1

¥

Calculations based on these confxguratmns for any value o'ff. & in the range
.1 ’

mentioned above lead to Mg values comparable in accuracy to those resultmg .

from shell-model calculatmns. :
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Table 1. Br80 resonance data and final resuits.

g0 . L g
a= 323.77(8) Mc/sec| ., | o as -324.?1(8)Mc/sec} ey .
b = -227.63(3) Mc/sec}x B _ : b= 227.%0(3) Mc/se | |
’- ' Ave‘ra-ge_ﬂ(.)f g'I >0 and. g’i < 0. h o
la] = 323.9(2) Mc/sec -
: b/a <0
Ib| = 227.62(5) Mc/sec} |
Type of . vy H AR wp o Avp Resifuals
Resonance (Mc/sec) (G) (G) (Mc/sec) = (Mc/sec) E}>0 E£1<0
a 40 5567 0,005 6,275  0.060 0,045  0.014
a - 16.0 20,75 0.04 -~ 23,650  0.067 :  0.057  0.051
a 25,0 30.92.  0.01 35.400 - 0.067 -0.040 -0.018
o 50.0 5549  0.04 64,338 0.045 0,013  0.001
a 100.0  93.04  0.01 - 141,450 0,015 0.004 -0.011
B 4.0 5,567  0.005 7.620 0 0,067 = -0.001 <=0.002
B 16.0 20.75  0.01 28,400 . 0.083 - -0.032 -0.037
8 25.0 30,92 0,04 - 42.400 . .0.033 - 0.003 -0.004
B 50,0 -~ - 55.19  0.04 75.938  0.045 . 0.007 =-0.005
B 100.0  93.0¢  0.01 . 129.445 . 0,045 0.005 -0.043
a 200.0  4149.74.  0.01- 186,555  0.045 _ 0.008  -0.002
a 400.0  238.624 0.008 = 314.238 - 0.020  -0.005  0.003
B 200.0 - 149.74 0,04 212,040 - 0.020 . 0.040 -0.014
B 400.0  238.621 0.008 352,270 = 0.020 ~ - 0.045 -0.009
8 4400.0 ‘504,329 0,007 . 834,740 ~ 0.045 ~ -0,004  0.003
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Table II, Br resonance data and final results

| ‘g1'>o

P
u

= 166.047(9) Mc/sec Xz
= -874.9(1) Mc/sec '

o

Typeof vy 0 H U B8H L wpo . &vg.  Residual
_resonance (Mc/sec) _(G)  1(G) -~ (Mc/sec) = (Mc/sec) - (Mc/sec)
a 40 557 0.03 2,400 . . 0.025 . -0.029
| 8.0 . 10.87 <.0.03  4.800 0,020 ... 0,000
16.0 . 20,75 ©.0.05 . 9.400 . 0,025 0.016 "
32,0 38.24  0.03°. 48,000 .  0.020 . . -0.007
70,0  74.63 0,04 ° 36.375 - 0.045 - 0.006
8.0 . 10.87 . 0,03 . 2,700 - . 0.020 . - 0.003 .
46,0 - 20.75  0.05 - 5.200 - 0,025  0.039
32,0 . 38.24  0.02 - 9.550 . .0.015 -0.001. -
70.0 .. 71.63 - 0,04 ~ 18.450  °  0.045  : -0.006 !
4000 93.044 0.009  23.950 . = 0.042 . =0.005
1 200.0 149.714 10.008  88.838 0,023 . 0.013
400.0  238.62°  0.04 164.740 - - 0.010 ~ - -0.002
200.0 149,74  0.04 44,235 - 0,045 ~  -0.004 .
1399.988  238.62  ©'0.02  77.277 - 0.040 0,009
41000 504,329 0,007 284.640 - . 0.045  -0.002
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" Table

III. Theoretical -conﬁguration and moments for Br80

and Br80m.

‘Model'. ' Nuclide

- ..-Configuration

~ py(nm)

Q(barns)

Proton Neﬁtrbn Calc. Meas. Calc. Meas.
. .80 oy 3,0 .4 - R | 6 . : ' :
| | ,_ ]331-‘_ [(’<p3/2)>:‘_(f5/2) ]3/2 [(‘p1/2) (gg/z) ]1/2 1.84 0.5 003 0.20
. _.80m 3,4 L0 7, o | '
R [ 3/2) ¥s/2) 132 [« “1/2) (8g/2) 1a/2 120 432 0.20 0.76
eSO 1301 +) 1301 -)
' Collective . R o
 pr0m 1304 + ) 1413'4)
\. -Té.ble IV. Some known data pertaining to odd-odd isotopes of Br and to even-odd isotopes of Se.
Neutron - . -Even-odd . 1 T Q - Odd-odd : I - Q
bonfiguratioh nuclide 1 '~ (am)  ‘(barns) nuclide I (nm) (barns)"
75 S | 76 | - "-
[(fs/z) ]5/2 “ se o ‘5/,2 IO DU 2 Br'® . 4 (-0.55) (+0.27) |
C 17 i , 80 e : -
(P’ 1/2) (g9/2) ]1/2 - S 1/2. _fo.§3 ~ <0.002 | Br | 1 (+0.51) . (+0'%:0)-.,
[(gg/z) ]7/2 se’? 7/2 -1.02  +0.9 Br80™ 5 +1.32 ~40.76
79 o L 82 B o -
.[(g_g/z) ]7/2‘, se’” - .1/2 . -1.02 +0.9 Br 5 (#.63) (+0.76)

-91-
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3. Intermediate-field resonance curves for Br
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Figure Legends :
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1. Schematic energyAIevel"_diaigram for Br _
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4. .Intermediate-field resonance curves for Br'® " .
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;1=4, J=3/2. o

‘2. Schematic ehergy-ie\réi diagram for ,.Brs-om;AIv = 5, J== 3/2. . R
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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.





