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ABSTRACT
The thermodynamic method of y-ray‘heating and the statistical mechanical

method of nuclear orientation were used in a complementary fashion to determine
the final temperature reached on demagnetizing a single crystal of neodymium
ethylsulfate from magnetic fielde up to 20 kG, applied along the c axis at
lOK. The tempersture scale so established allows nuclear orientation data to

be fitte% much more satisfaetorily than did ﬁhe 0ld scale, removing a trouble-
some "S" gheped deviation. Two independent checks were made of the validity

13Tm

of the new scale. The nuclear magnetic'moment of Ce is again corrected.
The best value, obtained from orientation in both NES and CMN lattices is

0.69 £ 0.03 nm, using <r-5>hf = L.4h au.
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I. INTRODUCTIbN

Neodymium ethylsulfate (NES) was first used for orientation studies on
nuclei Qf trivalent rare earths by Bishop et al.l in 1955. Subsequently many
experiments have used this cooling salt, which gives alignment relative to the
trigonal axis through thé interacﬁion of the crystal field with the hfvelectrons.
Recent work'has aiso indicated crystal-field polarization of the closed electron _'
shells, the effect of which on the nuclear interaction is described in terms of
antishielding factors.g’5 These experiments generally involvgicorrélation of *
the angular distributions of nuclear radiation with the absolute temperature T
of the system. The latter is Obtained from the magnetic susceptibility-of the
salt (and hence the magnetic temperature T*), using the T-T* relatién determined
by Meyer.

%n éeveral cases nuclear alignment data have shown systematic deviations
from theiform of the temperature dependence required by the known ﬁuclear spin
Hamiltoni;n;5’6f7’8 In all cases it can bé seeh that:the ‘discrepancy would be
removed if the:lowest temperatures reached on demagnetization were considerably
lower than indicated by Meyer, and if the T-T* relation were altered in a con-
sistent way at higher-temperatures.. Accordingly we have redetermined the NES
temperature scale usiné the conventionél adiabatic demagnetization method, meas-
uring magnetic susceptibility and heat capacity. In addition, angular distribﬁ-
| 15Tm

tion measurements of the'gamma radiation of Ce aligned in NES have also

been used to determine absolute temperatures, particularly at the lower end of

~

the accessible range. These two methods were dlscussed recently in a stury of

9

the cerium magnesium. nitrate (CMN) temperature scale” where their complémentary

~

the whole temperature range

1.

interaction in giving the most accurate scale over

-

was demonstrated. iy

The T-T relation measurement is described in Sec. II and the nuclear
<

orlentation work in Sec. III. Results are given in Sec. IV and are discussed and

applied in Sec. V.,
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*
IT. THE T-T RELATION MEASUREMENT
*
The magnetic temperature T 1s defined in terms of the magnetic sus-

ceptibility X Dby assuming that Curie's law holds, viz
- _ ‘ | |
T =¢/X (1)

where C is the Curie constant. At relatively high temperatures Curie's law

. is obeyed:

X = /T ()

*
and we have T = T .

' ‘ *
The susceptibllity, and hence T , depends upon the sample shape and

+

the'orieﬁpation,of the crystal ¢ axis relative to the‘measuring field. In

' these experiments the susceptibilify was measured using a 20 cps ac mutual
inductance bridge two arms of which were éounterwound hatched secondary coils
mounted on the.glassbcryostat with its axis vertical. The crystal was mounted
at the center of the lower coil with its ¢ axis horizontal, parallel to the

demagnetizing field (see Fig. 1). Thus the susceptibility was measured per-

péndicular to.the c¢ axis. TFor an arbitrary crystal shape we may write .

™ C ' c o
X, =" = . (2)
QL oo *
Ty - (5 -MWcC T,

. [ * :
Here N 1s the demagnetization factor and T*S is the magnetic temperature
for a spherical specimen (for which N has the value U4ni/3).  As Curie's law
is'strictly obeyed only for a spherey, a spherical sample was used in this work, .

* ‘
yilelding T directly and avoiding the shape correction. Hereafter we write

S
*

Tq, @ T for simplicity of notation.
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A spherical single crystal was grown over a period of 6 weeks from a

small seed placédlinside'a spherical glass bulb. The resulting 24 mm diameter

: R .
'crystal was completely translucent, and was spherical to better than 1 mm in any

diameter. - The c¢ axis was readily determined to within 50 by rotating the

.crystal between crossed polaroids to find the axis of rotational invariance of

transmitted intensity. The crystal mounting 1s shown in Fig. 1. A small volume
of chromium potassium aium'slurry and a disc of compressed manganous ammonium
sulfate served to reduce the heat leak to the crystal. They were mounted midway

between the two secondary susceptibility coils to give a_ﬁegligible contribu-

. tion to the unbalance signal iﬁ the bridge. The bridge was calibrated in the

- . o)
liquid helium vapor pressure temperature scale range between 4.2 K and O.96OK.
The thermodynamic determination of the temperature scale derives T
from the Fxpression
i f

1
1
i

-3, ag/ar” /ds/dT* =c'/R /d(s/R>/dT* (3)

L% : : .
here C is the 'magnetic' specific heat and S -the entropy of the crystal.

The method used to determine the various quantities was quite'standard. The

relation between entropy and magnetic temperature was obtained by a series of

adiabatic demagnetizations from various initial Hi/Ti values; Hi being the

iappliéd field and.T:i the helium bath temperature. Hull and Hulllo calculated

thé relationship‘betwéen S/R and Hi/Ti for an ideal spin sys§Fm for the.
spin-l/E case corresponding to the neodymium ion in NES at these temperatures.
Although the actual enirqpy'of the.crystal is not given soléiy by that of the
ideai spin system, Meyer has shown that éll‘other significant contributions are
field-independent. Thus, pro?idedxthat each demagnetization is made from the
same initial temperature, the true entropy along each édiébat_differs only by
an additive constant froﬁ the spin entropy calculated by Hﬁll and Hull, and

we can write



i | UCRL-16345

@Sideal . ds _ ' ()
TTx T T ,
aT 4aT
' * - x *
The value of dS/dT is thus obtained from the slope of an 8, gea1 Versus T s

A *
plot (Fig. 2), T Dbeing given by bridge measurements extrapolated to the
instant of demagnetizaﬁion.
' . ' ' . ' *
The magnetic specific heat is obtained as a function of T using the

gamma’ ray heating method,ll taking the approximation

*
Q = _9% o AQ

%
ar AT

' *
for small intervals AT . Two Pb holders containing 100 mC sources of 0060

were placed on a line through the specimen. Movable Pb doors on the holders

{ A .
permitted the NES sphere to be radiated for measured time intervals. For-
L :

fixed geoﬁetry the heating period is a measure of AQ in arbitrary units.
:ﬁxtrapolafing the.'normal"warming curves before and after‘heating to the
middle of the heating period gives a measure of the change, AE*,-pfoduced.
A typicél heafing curve is shown in Fig. 3. The resulting relation between
Q% and T* is plotted in Fié. L. AS'C* is not measured absolutely, the temp-

erature T _ ., obtained from Eq. (3), is only proportional to the absolute

as

* : ‘ *
/T is plotted as a function of T . Since

tempgrature T. In TFig. 5, Tmeas

. ‘ % .
at high temperatures iq the experimental range T approaches .T the asymp-

¥ .0 ' .
totle limit of T /T gives the normalization factor T The resulting

7.
meas meas/

. * : i ‘ ' _
relation between T and T is shown in Fig. .6, the indicated errors arising

\ % - -
primarily from the C measurements. The experiment is summarized in.Table I. v

[
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:III. THE TEMPERATURE SCALE FROM NUCLEAR AiIGNMENTVOF Ce157m

For temperatures lower than.l/T* = %0, errors in both‘the,slope of
thé S/szersus T* curve. and in C% increaseArapidly,Aas may be seen in Figs. 2
and 4. The main reason is that T* is now changing very slowly and is no longer
a seﬁsitivé thermometricjparameper. However in thié lower temperature region
the anisotrbpic aﬁgular distribution of the 255 kev isomeric transition in |
aligped Ce157 nuclei ma& be used as a thermometer, as it still increases rapidly
with decreasing teméerature.

Use of ﬁuclear orientatioﬁ in tﬁié way requires a) that the form of the
épin Hamiltonian for the alignéd hucleaf system be known throughoﬁt'theltempera-
ture range éf the.experiment, and.b) that the adjustablé parameters in this
Hamiltonian be fitted accurately in fhe temperature region inwﬁich the T-T*

: relationgié‘Wéll‘known...The absolute temperature scal; can then be extended

into the %owgr temﬁeratufe fegion using the calculated relation befwéen anisot—
_ropy and absolute temperature. In practice the former condition is not generally.
satisfied a priori, bgf may be justified by successful application.of the re-

7sulting temperature scale.

137Tm 5,5

Nuclear alignment of Ce in NES has been investigated previously,

~and is described by the spin Hamiltoﬁian

W =As I +B(SI . +STI)
S A4 XX yy
S N T o - o
If the values of (1/r”) for the Ce” ion given by Judd end Lindgren™  are used,
" we have A = 0.07h uN/I cm-l,‘ B = 0.002 uN/I cm-l, and I = 11/2.' The expefi-
mental data presented here were o%tained in two experiments. performed. independ-.
ently several mqnths apart. The earlier work was reported in Ref. 7 in which a

’

complete account of the experimental technigue is given. The second experimenﬁ
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was run to bbﬁéin é more'coﬁplete set of dafa for certain temperature ranges.
The active cfystal was prepared and mounted as before. After demagnetization .
several 15-second counts were taken with NaI(T1) detectors at 0° and 90o to
 the crysfal c-axis. which is the axis of alignment. The counting rate was
normalizéd to isotropic distribution by warming the crystal to the helium

bath temperéturé. Thevanisdtropy € 'is defined as

N

e =1 - w(0%)/w(90°)

where W(0) is the nprﬁalized intensity at angle 6 from the caxis. The value
of.e for each count was calcuiated and an extrapdlation'made to the time of
demagnetizatioﬁ. As the warﬁ—up time of the crystal to bath temperature was
several hours, this extrapolation over the firstlminute increases the observed
anisotroby only slightly. A series of demagnetizatipns were made fr;m various
.<Values of Hi/Ti; the results were in complete agreement with those: 6f Ref. 7.
The two'éxperiments have been énalyzed together.
For final‘temperatures above l/T = 46 thélmagnetic susceptibility

. . %
thermometer was used with the new T-T relation to give, the absolute tempera-

ture. In this region a theoretical fit was made, yielding

A =0.0109(7) cm—;, assuming B = 0.03 A, =
where the error estimation includes uncertainty in the T-T relation as well
as statistical errors’in the anisotrdpy measurements. Using this value the
theoretical curve shown in Fig. 7 was used to deduce temperatures for 1/T > hozz
Figure 8 shows a plot of W(0)jversus W(90), the theoretical curve.being

for a pure Mh transition'corrected for detector solid éngle‘ The temperatures

to which given points correspond are indicated. This figure gives evidence of
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the internal eonsietency‘pf_the nuclear orientation experiment. The experiment

is summarized in_Table II.

IvV. THE RESULTING TEMPERATURE SCALE

The' results of the T;T* determination were shown as a plot of T vs T
in Fig;‘6, and are.given as chs Hi/Ti in-Fig. 9. The results obtained by
Meyer are given for comparison. Figure 9 also iﬁcludes the result of the
nuclear alignmeht experiment where temperatures are calculated from the observed
angular distribuﬁion‘ueing the theoretical € =vs-1/T eufve as described in the
previoﬁs section. These results are szt.easily.discuSSed by considering three
separate temperature ranges.

!

3
$

!

‘A. LT < Lo

The thermodynamic TAT* relation method can give velues of l/T to #2.5

v (1/T = ho), il;5 (25),Tand ] (15). The experimentel uncertainty arises largely
from the normal.warming curve correction in the C*-determination. As Fig. 6  '
shows,'T* tends to T at'high temperatures as required, and there is also
agreement between the present.work and that of Meyer dewn to l/T = 25. Below
this the eXperiments differ, and if the new reiatipn is used'fhe’fit‘of the .
nuclear alignment deta to the form of'the fheoretiéal eurve.is greatiy improved.
This is seen by compering the 1/T < L0 region of the anisotropy &ersus 1/T
curve (Fig..7) with that_of‘fig. 11, Ref;'7.v Accerdingly the value of the .

nuclear orientation parameter‘ A determined by the fit in this region was

adopted.
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B. . bo<1/T< 70

As the témpérature'falls below-l/T = ﬁO, the gncertainty in tempera-
tures derived from the T-T*.reléﬁion rises éteadily, and those obtained from
nucleaf alignment become the more accurate. However, down to 1/T = 70
(T*-= 0.028) reasonable T—T* ﬁeasurements can be made. The values of T
from the ﬁwo~ﬁethods’are in‘close agreement as is shown in the last twb
columns of Table IT. fFigure’9 also shOWS this agreement within experimental
error. The -deviation of Meyer's ?alues appeafs to derive largely from the
S/R Veréus T*-curve he obtained'(Fig. 2); Presuming to correct his work by
some empirical adjuﬁtment of the form

* : *

Tpresent work TMeyer - A

t

! .
one findéla consis@ent value of A eqﬁal to L4 mdeg tbrbughout the temperature
range. vHowever, it iéldifficult to see how so large a correction could be
justifiedviﬂ termé of a demagnetization'fadﬁér for his quoted specimén shaﬁe.
In a further aﬁtempt‘ﬁofdiscover the source of_the diécrepanéy Dr. Maynard
Michel of'thié laboratéry kihdly checked the Nd odd-A isotopic abundances in
ouf,sémple( These wére foun@ within 1% of normal abundance, wheréas to explain

* - ‘ ,
our low values of T' on the basis of abnormally low nuclear heat capacity re-

quires a depletion of- 35%. ST ' RN

c. /T3 170
S * . g
In this lowest region the T-T welation is of little value due to largé
uncertainties in C and in the slope of the S/R vs T curve. Thus temperatures

. : ¥
have been derived solely from nuclear orientation. However measurements of T
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7

can be made, and és a qualiﬁative-check we include‘in Fig. 6 tﬁe highgst;l/T
'thained by nucléaf alignment plottedvégainSt the higheéﬁ l/T* measured..~This
point lies on a reasonable extrapqlation of the T-T* relation at higher tempera-
tures. | |

»To summarige thi; section, in the region l/T < 40 the T—f* relation has
been taken to measure tempefgture, and here the nuclear~alignment-thermometer
is 'caiibraﬁed‘. From'i/T = 40 to 70 nuclear alignment temperatures become the -
more accurate, but the T-T* measurémeﬁ£ gives satiéfactory agreemenﬁ, At lowef
'~temperatureé the nuclear alignﬁent method is the only measure of temperature
used. A composite relatidﬁ of‘ l/Tf and'l/Tz versué Hi/Ti based on all meas-

.urements, is given in Table III.

|

! 3 f .
% V. VALIDITY OF THE NEW SCALE

In the pre&ious‘section the temperature scale was derived entirely from
_the pfesent work; "Here we considér other data which serve to test the new scale:.
In Sec. III the only Qadjustable" parameter in calibrating the nuélear alignment
thermometer was the magnetic dipoie:moment (u) of Ce157m. The_first check of
the scale is afforded by comparison of this value of u‘ with thaf obtained from
- nuclear Qrientation in CMN. - In Tabie IV we give the magnetic moments for CMN

for various values of (l/rB)hf (as aiscussed in Ref. T). These have been cor-

7

rected to the amended CMN temperature scale. ! -The magnetic moments from this

work are also glven in TablevIV.' The agreement of the two sets of values indi-

cates a high degree of consistency between the two temperature'scaies. Inasmuch

‘as the momeht~could.have been regarded as a known ‘quantity in this work, this g[‘

¢

. *
is also evidence for the accuracy of the T;T relation, because the nuclear
A v :
alignment and thermodynamic values of T agree well.



9. UCRL-16345

A second and independent check is to use the new temperature scale in

analyzing a nuclear alignment experiment for which the nuclear Hamiltonian is

) . . A
, very different from Eq. (5). TheALu5 ion has a completely filled Lf shell,

"and hence no magnetic hyperfine interaction, 50 the spin Hamiltonian is

W =Pl - (1/3) 1(1+1))

This pure quadrupole'ihteraction-is characterized by a linear dependence of

€ upon 1/T for small values of e. This is true also for the related quantity

W(90) - W(0), In Figure 10, .we show the experimental W:(90) - W(0) vs 1/T plot
NPT cvion hn me T 15 . * , :

obtained for the 208 keV transition in H: ~using Meyer's T-T relation; in

Figure ﬁl;,the'new temperature scale has been used. The improvement in agree-

ment of the temperature dependence with theory is evident and striking, and

provides further reason for confidence in the new scale.

Vi. - CONCLUSION
- This work was undertaken ﬁo try terxplain several anomalous tempera- -
ture gependencies observed iﬁ nuclear orientation gxperiments using NES. The
new temperaturé scale has givén sétisfactory resolution of the anomaly for \

7

Cel57n'l in the regionjl/T < Lho, and for Lul in the entire temperature range.

" This success indicates that the new scale is a definite improvement over that

which was'previously available, and further demonstrates the value of nuclear

orientation as an accurate thermometric technique in the near-millidegree range.

. I
- »
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Table I. Thermodynamic T-T determination for NES.

*

H;/Ti kG/°K 8, g0/ T ii?izgary' | dé/R/dT* TOK' T 1/T %k~
2750 | .638 .0953 .6296 0.965 .095 | 10.5 10. 4
3070 626 08Y5 .0332 1.22 08k 119 11.8
3510 612 0740 L0372 1.6k o7 13.5 141
4000 .595 .0650 .ok13 2.7 .0595 15.4 16.8
Mo - " L5Th L0573 .0u66: 2.87 .051 17.5 19.7
4820 ';551" £ 0.0510 0532 ' 3.84 k3 19.6 25.1
5360 .527 ). 0458 L0611 | 5.30 .036 21.9 27.8
5830 501 ‘;ouis .0702 7.30 .030 Coun 53,3
6330 .&75 .0383 .0795 9.66 .026 26.2 38.9
6990f s .0355 .0901 12.66 ~ oe2  e8.2 45,0
7hlho '.h16 .0335 .100 '15;8 .oéo . 29.8 56.5
8120 379 ).0515 .113 2001 L0175 51.8 56.9
9080 .333 .0295 .130 - 26.6 .015 33.9 65.4
9770 '.553- ;oé85 1 31.3 .01k 35.1 1.2

%The value of the ﬁo£ma1iza£ion constant C' = (T )/ (T, ) 18 3.15 * 0.2.

—‘['[-—

GHE9T-THON



- Table II. Angular distribution of the 255-keV ~y ray from Cel

~10-
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aligned in NES.

w(o)” CON (%) /T 2T from 2T 1/T from theor.
curve taking _
A = 0.0109 ¢
.91i * 016 i.ojl ¥ ,012 11.6 14,4 15
.900° 1;059 13.3 ‘16.5 | 18
766 1.117 3Lk 24.0 33
.713 1.166 58.8 é6.5 39 £ 2,5
.653 1;1901 45.2 28.7 (47) bk, 5
. 602 w1.215‘ 50. L4 29.8 (50) 49
-597 1.247 52.1 30.7 (1) 50. 5
527 1.273 58.6 314 (55) 56
189 1.291 62.2 32,1 (58) 60 * 3.5
457 % i.208 64.8 32.8 (Gi)n 62.5
a7 ) 1ses 60 55,7 (65) 65
.391, | 1.351 1.1 . 35.6 (74) 70.5
519 1.295 7.1 37. 81
271 1.k421 80.9 38 89.* 5

« _
The anisotropy

source.
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Temperatures reached on demagnetiiation'of NES.

H,/T, 2 u 6 8 ‘10 0 12 1h 16 18 - 20
(xG/°K)

1/5; T 5.5  2h.2 29.8 3.6 35.4L 36,6  37.4  37.8 38.2
Y1, 7T 1650 33.5 %0 6. 73.5 80.5 85.5 88.5 90.5

aMagnétization along ¢ axis.

bBy extrapolation.

* .
Here T 1is the magnetic temperature of a spherical
speciman taken perpendicular to the c¢ axis. Accuracy in T 1is 6%.




. e

EETUE . UCRL-16345

Table IV. Magnetic moment of Ce157m obtained from nuclear
" alignment in NES and CMN, takin§+various'values of
: <r-5>hf for Ce R

| H5 T P
)5, oM NES
3,64 2 0.87 (5) 0.81 (5)
e B2 0.67 () 0.62 (k)
hohly LH 0.72 (1) 0.66 (L)

I il | ' Avg = 0.69 (3)
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fig. i. The‘apparatus. The;néodymigm ethylsulfate crystal (NES) was suspended
| in a vacuum inside.a glass cryostat at O.96OK by a glass rod. A.chrome
alum-gl&éerol slurry (CA)-and a pressed manganoué amméniﬁm sulfate pill
(MAS) élsd cooled in the stray fiéld of the magnet polé tips (P). Mag-
. netization occurréd along the ¢ axis of the NES crystal; denoted by
arrow. Inductance coils (c) were used to determine T*. Compensating
coils and coélaﬁt baths are not shown.
Fié. 2. Magnetic spin entropy of the lowest doublet in neodymium ethylsulfate
versus the'magnetic_ﬁempéfature, reached on demagnetization, of a spherical
‘single crystal, as determined perpendicular to the c¢ axis. Meyer's results
are deﬁoted by Squareé. |
Fié; 3. Heating curve,.shdwiﬁg foredrifts and afﬁerdrifts, for a typicél heat
capéqity.run; R | |

Fig. 4. Variation of the "magnetic temperature’ heat capacity with magnetic

4
t

témperature, for a spherical single crystal of'NES{'with sﬁsceptibility
meaSured perpendicular to the ¢ . axis (noﬁe that this affects both'C*

and T*). Here_the C* measuremenfs are only relative. Vertical baride—
notes that énly measurements for T* > 0.028° were used to determine the
‘temperature scéle.

Fig. 5. Ratio of.abSolute_temperature,as‘determingd by heating experiménts,
to T*. This ratio, gxtrapplated tb high temperatures, was'used to deter-
miﬁe the scale factor for the absoiqﬁe temﬁeraﬁure of NES. For clarity |

- the ratio was nofmalized to unity in‘this figure. | |
Fig. 6. The T-T* relation for NES, with susceptibility.measured perpendicular

to the ¢ axis of a sphericalvspecimen, as determined’from heating ex-

5

. _ . % L
periments alone. At the lowest temperatures T Dbecomes a . very insensitive

. . "’_ *
~ index of temperature. At 0.0loK; dT/dT is approximately 20. For a non-
- ‘spherical specimen any errors“in'shape.(demagnetiZing factor) correction

viwould be very harmful. Meyer's results are shown as squares.

e
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7. Anisotropy of the 255-keV ~y ray of Cel57m oriented in NES versus -
reciprocal absolute temperature. A theoretical curve was fitted to the

- ’ . * . .
data for T > O.025OK, using the new T-T relation, thus fixing the hyper-

fine structure parameter A. Tor T < O.025OK, the temperature scale was

. deduced  from the anisotropy.

Fig.

Fig.

8. 1Intensities of the 255-keV 7y ray from CelB?m oriented in NES at 0°
and 9OO from the ¢ Haxis{ Open circles represent data from Ref. 7.
Filled circles are taken from the more recent run. Curve 1s the theoret-

137m

ical relationship,for the Ce aecay sequence and the given spin Hamil-
tonian. Straight line represents the angular distribution given by
1+ AEPé(cos 8).

9. Reciprocal teﬁperatufe reached on demagnetization alohg crystalline

c éxis‘versus initial H/T, for NES. Open circles represent temperatures

. determined by nuclear orientation, closed circles those determined by the

Fig.

‘Fig.

1

heatiﬁg method. Triangles are Meyer's résulté. Meyer's data and ours
deviate for 1/T > 30, while for l/I > L0 our T-T* data deviate somewhat
from the orientation daté, femaining in-accpptablg agreement with, but
accompanied by larger erro;s than, the latter to l/T = 70. Fér lover

. * . N . .
temperatures the T-T data are very unreliable and uncertain, but the

orientation data have an error of only about 6% to 1/T = 90.

.

10. Temperature dependence. of the function W(90)-W(O); for the 208 keV
A - .

Y ray folloﬁing the decay of Lul oriented iﬁANES, using the temperature
scale due to Meyer. Systematic "S" deviation characteristic of several
nuclear orientation experiments intNES is clearly showmn.

1l. Same daté shown in Fig. 10, but>uéiné the teﬁperature scale developed”

in this work. Excellent agreement with theoretical curve is evident.
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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.






