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ABSTRACT

- Isotopes of radium lighter than mass 215 were studled at the Heavy Ton

ook . 5
Linear Accelerator by bombardment of 0 Pb with . C and l97Au uwith ;9F.
‘Silicon (Au) surface—barrler detectors were used in on-line measurements to

. ‘ o |
vmeasure‘a-decay characterlstlcs. Mass number a551gnments of lLLRa through

206 - '
Ra wvere - made on the ba51s of exc1tatlon functlons and genetlc relatlonshlps -
| wlth.franC1um, emanatlon, and astatine 1sotopes. 'Half-lives and accurate o

- o - , : - » _ | L
energies were determined for the radium isotopes,,and the @ energy of v21 Fr

: 2 : 21k
was corrected Alpha and B branchlngs were measured for 15Ra and l-Ra.
Some systematlc trends in the alpha decay energles were 1nuerpreted 1n terms of

a weakenlng of neutron and proton palrlng energles near closed shells
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i.'AINTRdDUQTiQN:' | |
We are engagec in an extensive Stuay Qf‘ﬁhe a;decay.brcpeftiesvof the
v;v:neutron-deficient iSOtOpes‘Of elements betweec lead and'thofium; Many nuclides
in this region are known from.previous rebcrtsl But improved'performance of
:_the Berkeley Heavy Ion Linear,Accelérafer (HILAC) and further deveiopments in
‘on-iine techniques'have made'it poseible‘fe collect more accurate information :
| .and to defect previodsly unkncwn acti&ities. The informaeion so obtained is

interesting in its own right and is valuable in correction with the method of

‘closed «-B decay'cycles:fOr improving and extending estimates of atomic.masses,

- and»erdecay energies, anq neatron-and profonfbinding energies, Iﬁ addition,
in eXperiments desigﬁed tovinvestigateitransaraniam ndciidesjaéactive,nuCIidee"
in the lead to thoclum reglon may appear elther as the result of rapld and
‘ ‘c0mplex decay chalns or, more usually, thrOugh the 1nfluence of trace impurities
onvthe target materials. Hence it is Qes;rable ﬁo have as cqmplete a knowledge
‘of these nuclides as is possible. Y o
| In thfee preinue‘paéerevwe haVeV;eported a—decay properﬁies'of‘light
isotopes‘of poloniumvand ascatiﬁe,gl' .;radcn,jiacd francium.h"ln this report‘
light radium isotopes afe coneidered. |
_Griffieen a‘nd.Macfar_lane5 have obtalned Q- ene”gles and half li;es |

for .212Ra, 213Ra, andvglhRail From the systematlc trends of o decay in tcls

region several more radiam'isotopes can be expected to. have’ half-llves long

‘ enough to be detected w1th the present method "In this-workae obServed a

vvvnumber of new act1v1t1es whlch on tne ba51s of half llves, accurate (04 energles,

' 206 o1k -
and excltatlon functlons, can.be attrlbated_to. 20 Ra  through '~ Ra. Exc1ta_
tion functions of‘the'daughﬁer-activifies'were,aieo determined. Careful inspec-

 tion of the data provided.mul@iple;verification of_most of the radium mass

number assignments. -

[
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IT. EXPERIMENTAL

dur experimental technique was a modification of the method used by
Macfarlane ang Griffioen.6 Essentially, the products recoiling froﬁ a thin
target were slowed to thermal energiés‘in,a_helium atmosphere and swept
through a small nozzle onto a caﬁcher foil in an adjacent vacuum chamber.
The products thus deposited were theh.quickly positioned in front of a Si (Au)
surface-barrier detgctor. Small amounts of activity were collected §n the
catcher foil in less than 50 msec while the collection time forithe majof part
was of the oréer of seconds. Iﬁ.g typical experiment recoil activity was alter-
natively cdllécted for a fracﬁion of a second and éounted-for the same period,
with the cycle reﬁeaﬁéd over a period of 10 to 20 minutes; The apparatus, the
electronics, and the spécial enérgy calibration ﬁethod are described in a 7

previous article.

The reactions used in the study were:

19?Au(19F,xn)216_xRa  ena

206Pb(120,xn)2}8-xRa ' ,

where: x refers to the number of evaporated neutrons. The targets were

. .
2.5 mg/cm? gold leaf and separated 206Pb (97.22% eoon, 1.34% 2O7Pb, 1.39% 208Pb,

according to the supplier, Oak Ridge National Laboratory) electroplated on

2.3 mg/cm2 nickel foil. The thickness of the 206Pb target was about 0.3 mg/cme.

Maximum beam energy was 197 MeV for l9F and 125 MeV for 120. Lower

energy beams wére obtained by inserting stacks of 1.72 mg/cme
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aluminum absofber foils in front of the targetfe fﬁe rangé-energy relation-
~ ships of Northcliffe7 were used tb calculafé the:eﬁergy degrédation iﬁ the
absQrbers.

The excitation'funétions‘were méésuredvgtarting at the Coulomb bérrier
and progressively increasing the beam energy until the maximum‘energy'was
reachéd, br vicevfersa, starting at full beam energy and ending at ﬁhe barrier.
l-The total_integfatéd beam current was the'samé;for all runs, each of whicﬁ_
requirediébout 15 minutes,vwith an interyal of éboﬁt three minﬁtes betweén'

o measufeménts.>'With this tiﬁe séhedule,:soﬁe distorinn of the ekéitation
 functions'§f the lohger iived daughter activitieé ﬁas observed owing to the

;"rechding of reéidﬁél actiVity[frbm one meaéuring-period to the negt.

| In éepératg_experiments hélf—liveé‘of ihdi&idual a'peaké weré»determined

with the techniques outlined previously.
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ITI. RESULTS
A number of representative . spectra obtéined af different bombarding
energies are shoﬁn in Figs. 1 and 2. Excitation functions dérived from the
complete sets of O spectra are presented in Figs. 3 and 4. The first of these
shéws the yield versus bombarding energy @urves fér individual radium and daugh-
ter activities from the reactions 206Pb(120,xn)218-xRa,:while Fig. 4 displays
.the corresponding informaﬁion for the.l9?Au(l9F,xn)216-?Ra reactions. The
radium yield curves have the regular behavior expected of cqmpound nucleus
‘reactions so that tentative mass number assignments can be héde to the unknown
radium activities. These assigﬁments are bolstered by the similarity in shape
of the yield curves for franciﬁm daughters (produced by eléctron capture of the
radium parents) end emanation daugﬁters (pfoducé@ by «a decay of radium parents).
In sevegal cases even the astatine gfanddaughter was observed. The daughters in
turn vere identified on the basls of their CG-particle energiés and half-lives.
The behavior of tﬁe | radon daughter activity was partiéularly reliable since
~any radon produced‘by direct reac%ions would fail to collect; the observed
radon - activity'must have been formed by the decéy of radiﬁm on the catcher
foil.

In the case of the radium isotopgs with half-lives 3.8 sec or iess (mass
number below 211) the observed radium inﬁensities are much less than the observed
intensities.for the daughters. This is-a result of decay in fiight of the'short-.

- - -Llved radium parent-before it—can~be~swept~from~the—chamber~and~coliedted—on4the*——
catcher foil. When this occurs the longer-lived francium daughter or astatine

granddaughter activity 'is collected and counted. This effect does not prevent
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' the observation and identification of the rediim isotope but it interferes with
the dgfgrmination of a/EC brench ratios and with the estimation of reactién

‘ cross-sectibns for production of the shorter-lived isétépes.'

| vDetails of.the'adalyéis of thé‘excitdtion curves are given in_the'follow;_

| iﬁg paragraphs where thé‘individual radium'iéotOpeé afe discussed. To'aid.the

| discuséion‘somevof'the gxcitation funétionvdata have been replotted in Fig. 5

in a ﬁanner‘to claésify tﬁe“relation of.parént and daughter activities; A

summary of the new.radiﬁm results 1is given'in Table T. Thé quofed errors are

conservative limitsvéﬁvering the tbtai spread of many individual meaSurements'

~and are Sﬁbstantiallyigreater than the statistical uncertainty.

A. Radium-21k
‘ Griffibeﬁ ahd Macfaflane5 have reﬁbrted én o energy of T7.17 MeV and 

| ek s . -
a half-life of 2.6 sec for 1 Ra. The corresponding values obtained in the

. present investigation are 7.136 MeV and 2.6%0.2 sec. The peak is shown in Fig. 1.
The assignment is based on the excitation function of'ﬁhe peak shpﬁn'ih_Fig.vjll

_ Additional evidence is provided by the excitation function of the domposite

209 2l

6.637—MeV peak whnich belongs to Rn and to - QRn, the latter being_the a—decay

daughter of 21LLR&L.
An o energyvof’8.55'MeV and a half-life‘of 5.9 msec have been reported

o , | L , 206

- for zthr.5 The weak. peak at 8.430 MeV in the spectra obtained from the 2 Pb
5 , L | o ool

R 120 reactions (Fig._l) must be the same activity in equilibrium with-its lvRa

O o ‘ . : B L L .
-parent. TIts apparent half-life is 2.6 sec, equal to that .of el Ra, and -its
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21k

excitation function in Fig. 5 follows that of "~ Ra. From the intensity.ratidr’l‘

- of the peak at 8.430 MeV to that at 7.136 MéV the'electron~capture brénching df

"f.elhRa‘was determined to be 0.09%0.03%.

- B. Radium-213
213

The O spectrum of Ra is shown in Fig. 1. The energies and relative f

' ;';:'ihtenSities of the“thrée observed peaks are: 6.730 MeV, 4So%; 6.623 MeV, Loxod, -

and 6.520 MeV, 6+1%. The half-life was measured to be 2.75%0.15 minutes,' Values

reported previously were: o energies 6.74 and 6.6) MeV, and half-life 2.7

'minuteé.
The éxcitation functions in Figf 5'show clearly that the three peaks

' belong to one isotope. The yield maxima occur at the bombarding energy expected

" for the 2%%pp(*?

o . 017 N v S
capture daughter, ;BFr, has the same shape at low beam energies, although at

213

: higher energies"mosﬁ of the Fr is pfobably produced by direct reactions. The

209’elQRn excitation curve also agrees with this assignment. The weak

213Fr.h.

composite
: . : 213 : '
o peak at 8.090 MeV belongs to Rn, the electron-capture daughter of

“Its excitation function is shown:.in Figﬂ 3. :
‘ . 213

The O and electron-capture branches of ~ “Fr are known to be 99.l4 and -

O.5?ﬁ, respectively. Thus, the & and electron-capture branches of 3Ra. can

C,5n) 15Ra reaction. Furthermore the yield curve of the electron-

" "be determined from the present spectra. Under the assumption that direct produc-
tion of ?lBFr is hegligible at l2C-beam_energiesvlowez"'than 85 MeV, the 'd .branch

213 . '
of Ra is 80%5% and the electron-capture branch 20£5%. -

T Y
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‘In a few snectra taken close to 85—MeV beam -energy (Flg l) where the

. ° . . 2
_ contributions of Fr groups are small, a weak peak can be seen at 6.408£005 MeV.

213

It.is reasonable to assign it to Ra; Unfortunately, no reliable half-life was v

~obteined for this peak, and its excitationlfunction (Fig. 3) cannot be determined sep-
: , . , T s
13R

2. . :
arately from that of the interfering 21 Fr-groups. If the assignment to ‘Ra

is correct, the relative intensity of the peak is 0.420.2%.

C. Radiumeél2 and Radium-éll

Systematlc trends in & decay 1nd1cate that a energles)of 212 Ra and 1Ra
1 and .2

should be nearly the same.. An o peak at 6. 90 MeV (Flgs / nas a broad exc1tatlon

(Flgs 3 and 4),
_functlon/ which is most loglcally explalned as a compos1te curve for these two

o 20 O
1sotopes._ Moreover, the composlte excltatlon curve for the 8 2 7Em daughter

pair (Fig. S(a)) is similar to the comp051ue parent curve. The excitation
function of lFr (Fig: 5(a)) the electron -capture daughter of 1Ra; is combined
with thatdol 21OFr because of‘the s;mllarlty in afpartlcle energles, but the low:
energy part of the composite,cur#e is chiefly 211Fr"and it provides'good evidence

211,212

for the position'of 211Ra in the comnosite Ra parent curve. The intensity

of 21 2Fr o4 act1v1ty was too low to permlt constructwon of good exc1tatlon func-
212_
tions because the electron capture branching of Ra is low, the half llfe of
212; L j
( Fr is long (19.3 min), and its & decay 1s,complex,,
In eareful measurements made at beam energies where algRa was predomlnant

over . 1Ra we determlned an ¢ energy of 6 896 MeV and a. half life of 13+2 sec.

' At'beam energiesvwhere 1Ra was the pr1nc1pal act1v1ty we determlned values of .
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6.910 MeV and 15%2 sec. The values reported previously for 212Ra are 6.90 MeV

and 18 secs; no reports exist for ellRa.

D. Radium-210 and Radium-209
. ' . - : N 210
From the systematic trends in properties, the & energies of Ra and
209&& are also expected to be'very similar. A peak is seen at 7.0l MeV(Fiés.’l and 2)
which we may attribute to these isotopes. The excitation function of this peak
(Fig. 5(v)) is broad and is similar to the composite yield curve of the & daugh-

206 205

ters, Rn and 2n (Fig. 5(b)). The excitation functions of the B-decay
L , 20 : 2
daughters, elCFr 2nd 9Fr are combined with those of EllFr and 08Fr, respec-
tively. Their behavior is in agreement with the radium assignments. *The yield
205

curve of the granddaughter, At, is also in agreement affer allovwance is made

for its shift toward higher-beam energies caused by the 26-min half-life; il.e.,

- 20
by the persistence of some ?At ¢ activity from one measuring period to the next.
From measurements made at a 105 MeV 19F beam energy where 2lO.Ra predom-

inates over 209Ra we measured an & energy of 7.018 MeV and & half-life of
3.8£0.2 sec. Properties of 299Ra were measured on samples prepared at a beam

energy of 140 MeV. The O energy and half-life are 7.008 MeV and L4.7%0.2 sec,

respectively.




E. Radi@rﬁ;éOSahd Radiun-207 , e
: - Another pair of radlum 1sotopes with" 51mllar a eneréles is 2'0.8}3&1 and E
?O7RaJ Alpha energy callbratlons were made at several beam energles to deter-
‘. mine whether the peak at 7.131 MeV in Flg 2 cons1sts of two unresolved
';lcomponents. Only one value was,opseryed, however, and 1t was attrlbuted both
T to 208Ré éﬁdl207Re. "The half-life ofnthelgroup wae also determined.at several
beam energiee. Values'Bethen 1.1 ana l.h.eeo were observed, the shorter ones.
comiog systematically from measurements at-lower beamAenergies. Therefore,
1.3%0. 2:seo ierreoortedffor go?Ra ahd l-2+O 2 seo’for 2O8Ra. Slnce the
‘7:half llfe errors overlap, the burden of proof for the ex1stenoe‘of two isotopes
>:falls on the observatlon of the deughter products !
The exc1tatlon functlon of ‘the 7. 131- MeV peak in Flg 5(c) is broad
.:which 1nd1cates that it belongs to two 1sotopes < If small deviations caused
by experimental dlfflcultles are 1gnored, tne yleld max1ma of 207Fr and 2O5At
in Fig. 5(c) fall at the eame.beam energy‘as:tne'estlmated exc1tetion§mekimum
of 2O7Ra. Similarly, the &lelo ﬁaxima'of 208Fr_end QouAt'fall‘et'the beam energy

. ) _ 208, o R

expected for the maximum yield of ~ Ra.
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F. Radium-206
4 .o - 206 |
The weak & group at T7.270 MeV in Fig. 2 belongs to Ra. Its half-life

was measured Lo be 0.420.2 sec. The excitation function of this peak resembles

- 206 202 202m_ . .
those of Fr, t, and At in Fig. 5(d). Francium-206 is the electron

206 202 202m i
capture daughter of Ra; At and OgﬁAt are granddaughters.

: ' 206 ' '
- Radium isotopes lighter than Ra can be expected to have half-lives

too short to be detected with the present equipment.  The relatively strong

2%, group at 6.917 MeV and 20%)¢ group at 6.342 MeV in Fig. 2 (see also Fig. 5

05 201

(d)) indicate that 203%8a was produced but that it decayed to 2%pr ana %%t

before the recoil atoms were collected. '

G. Polonium Isotopes .

In the bombardment of gold with 172 MeV fiuorine ions & activity of

olonium appeared in the spectra (Fig. 2). The yield of these isotopes dropped
DI /

o

off quickly with decrease in energy of the fluorine ions and do not sbow any clear
relationship to the yields of the radium isctopes. As it is most likely these

polonium isotopes were produced by some tyre of partial transfer reaction, not

involving the initial production of radium isotopes, we do not discuss them in -

this paper. _ R — .. IR -
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IV 'DiscussION"v”

" The general'featuresdof the radium isotopes are similar'to'those of_
vthe neighboringdelements.diSCussed in our previous reports,g; ‘The dependence
'“of a—decay energy on neutron'numberlshown.ln Fig; 6 demonstrates.this'quite
dclearly. There 1s a sharp dlscontlnulty at 126 neutrons and a regular step-llke.

' rbehav1or below 126 neutrons. The decay energles of the’ even-neutron 1sotopes
, are'higher and the‘decay energies 0f=thé odd-neutronvisotopes lover than the

ﬂaverages corresﬁonding to a Smooth variation.with mass number. 'Thls-lndicateso

"that the steps are a consequence of the pairing of neutrons, and more speclf--

d»lcally that the palrlng energy is stronger in the daughter than 1n the parent

In other words, the neutron nawrlng energyldecreases as. the 126 neutron closed

vshell is, approached This behav1or has. been noted by“other authors,l _15
,.the new radium lsotopes prov1de addltlonal ev1dence for the regularlty of tnis

'_feature We,note also that the curveS'for d;fferent elements‘are not equally
.spacedi Theicurve;for andoddfproton_element-isdcloservtofthe one of the higher
.even-proton elenent; e,g., the francium'curve isAcloser to radiumdthan radon.
>Thls suggests that the unequal spac1ngs are a conseduence of the palrlng of

. protons and that the proton palrlng energy is greater in the parent than in

a‘the daughter Stated another way, tne proton palrlng energy 1ncreases as

. more protons are added beyond the 82 closed shell Thus, the~stepllke behavior
'Aand the unequal spaC1ngs of tne curves can be explalned as a resul ofia‘weaken-

'1ng of the neutron- and proton oalrlng energles as the closed shell’ conflgura-

E tlons (126 and 82 nucleons) are approacned.__



A brief inspection of the existing data shows that this trend of weaker

‘ pairing near the shell is Valid as well on the neutron ricn Side of the 126-

neutron shell. The step like behavior is reversed in the sense that the even=

ullneutron isotopes are depressed relative to the odd neutron: isotopes but the

spacings between’elements_remain the\same as on'the neutron deficientasideAn‘-"'

' The principle seems velid also around other closed shells although it is less

‘f‘pronouncedrt'This behavior provides a useful method for predicting and checking -

lh.experiméntal-results.

" The new data presented in this paper are useful for, extending the table

/

fof nuclear masses by the general method of a-B decay energy cycles The masses

‘,so obtained are valuable in turn for the derivation of other quantities such as

f'“;neutronj,and protonfseparation energies. The nost up -to- date published review

" of a-B decay'cycles'andfmasses is thatvof Viola and Seahorg.l * In Table IT we

~

- compare our_experimental o Q-values‘with the experimental.and estimated ‘values

. givenvby_these authors. 'The results establiSh the-quality of the previous_

estimates and permit an extension of them to even lighter nuclei

In this paper we are concerned with the products of the heavy ion induced

nuclear reactions rather than the reactions themselves However, it is easy to

‘ extract one quantity of some interest for the exc1tation function curves. From

s the beam energy at the maximum yield of each radium isotope, from the Q-value

. of” the reaction, and from the neutron separation energies of the isotopes involved
- in the evaporation chain, one can deduce the average amount*of energy—dissipated”*
ain neutron kinetic energy plus y energy in each neutron evaporation step. How

; this 1s" done is covered in the dlSCuSSlon of 2 previous paoer ' It,is known
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from prev1ous work of Alexander and Slmonoff and of Kaplan™™ that in heavy ion
reactlons 1nvolv1ng rare- earth targets h 8 to- 6 3 MeV is d1s51pated for each
neutron evaporated In our analy51s of the Au 4 F results in Flg h e flnd

that an average of h 8 MeV is requlred ln the evaporatlon of the first h neutrons

‘and the energy dlSSlpated in the evaporatlon of the next 6 neutroéns varies between

© 6.0 and 8.1 MeV.
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~Table I. Present results c0mpared Wlth those of Griffloen and M%cfarlane (Ref. 5).
The following energg standards were used: 21°Po 8. 7854 Mev, Po‘ 7'58h1 MeV,
510mn  6.8176 MeV, 2L1Bi 6.6022 MeV, 12Bi  6.0898 MeV, 212Bi 6.0506 MeV (Ref

8); 216po 6.7772 Mev, 22%Rn  6.288L Mev, 22%Ra 5. 68&0 MeV (Ref. 9).

This work L . Griffioen and Macfarlane
Isbtopé - Alpha energy Half—lifs | % Aipha energy Half-1life %
| 4 MeV S MeV SR
2y, 7.136to.065, 2.6 0.2 sec| | T7.17 2.6 sec
1215Ra_.s ‘61730¢b.005_ 2.75£0.15 min kst 6.7k 2.7 min |~50
.6,62520.005 _ '2.75¢0.15 min|L49+2 6.61 2.7 min ~50
| 6.520+0.005 | 2.75%0.15 min 61 o
2l2ps - ’V6.896:o.ooss 13 2 - sec | 690 18 sec
Q;iﬁa*' ' 6.910£0.005 15» 42 f.‘sec |
2104 _',f-7.018:o.005'- 3.8 0.2 sec
0%, | 7.008£0.005 | 4.7 0.2 sec|
- 208, 7.131#0.005 | 1.2 $0.2 sec
0Tgy | 7.13120.005 | 1.3 0.2 sec|
206gs | . 7.270:0.005 - | 0.b 0.2 sec| |
2l | 8.43020.008 e R f8.55 | 3.9 msec




Table II. Comparison of & Q-values?.

- Experimental . ~  Experimental or estimated
Isotope (this work) © value given by Viola and
o Seaborg :

2lbp S e s
B s Gak
‘; 22 o8 7.0%9
| ‘_vellRé- ::' o : 7;Ohh’ . : 7.070 est -
W sk a0 est
N  11_,_ TR SRR : 7.150 est
S qem o 120
';2073a3- : .,ii B  ."a .i 7.272 ; : : .i ‘V:x SR
B S T

S The Q-value is the -CO-particle energy for thevground-state transition.

corrected fbr.the-reéoil energy of the.daughter nucleus.f

bih this case the assumptién is made that"the'mbst.energetic a group is a

ground-staté transition.

-




Fig.

Fig.

Fig.
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. Figuré Céptions

1. Alpha spectra showing radium and daughter activities from the reactions

i

06_. ,12 - ’ 4
e OPb( C,xn)218 xRa at three beam energies. Measuring times were 11 min

and the beam current was 0.1 pA. Two catcher foils were flipped between

alternate collection and measuring positions at a rate of once per sec.

2. Alpha spectra éhowing radium and daughter aétivitiés from the reactioné
197Au(19F,xn)216-X?a'at three beam energies. Measuring time was 1.5 h for
the topmost spectrum, 19 min for the fwo other spectra. Two catcher foils
were flipped between alternate collection and measuring positions at a rate
of twice per second. 'Beam.cufrenp was 0.5 pA.

3. Excitation functions of the radium and daughter activities produced in

- 206 -
the reactions © Pb(lzc,xn)218 *Ra. The curves were run from high.to low

 beam energies. Measuring times were 11 min and the intervals between them

Fig.

Fig.

3 to 5 min. See the caption of Fig. 1 for other details.

L. Excitation functions of the radlum and daughﬁer acﬁivities produced in
the reactions 197Au(19F,xn)216-xRa, The curves were run from low to high
beam energies. Measuring times-were 19 min and the intervals between them
3 tovh min. See the captioﬁ of Fig; 2 for other details.

5. Data from Fig. 4 replotted in order to clarify the parent-daughter

relationship-of certain nuclides.

Fig. 6. Alpha energy versus neutron number for different elements in the area

below 126-neutron shell and above 82-proton shell. The solid circles

indicate energies assigned to ground-state & decay. The crosses represent O

energies assigned to isomeric states. The open circles are ¢ transitions to
excited levels at the daughter nuclei (@ fine structure). The actinium date

come from a study to be reported (Ref. 11).
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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.






