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' The measurement of -(_.~":)'~:t-ray angular distributions ~ nuclei oriented ~,:~";;;h-~.~ ·f' ~;~ 
. • . . ' : .1 ~. . ~;;:.~~::;> 't ' . 

. at very low temperaturesbluls becane an established technique fpr the stuey of . ~ <:: '.:,;·:.:,,.,.J 
~-~~- ' . : . 'f·'. ·. . : .·.. . ; I • • • ,·.· ••• --~.. '. ~- '~ ! • • ~;.).H<J·:_i¥}! :.1~~ 

iwt~'problems in both nuclear and solid-state.pbys1ca. The use of/semiconductor pal'-·. -~~;ff~';~;j;; 
· ~!: · · . · · · · · ··· \z';~:~f;l:~~ 

... ,_ticle detectors has also made possible the measurement of alpha particle aniso... · .•. ::_;:\,;;~;111!;) 
}~· .t4;·~.. . ' . . ' . . ' . . ' . . : . · .. ~ .. <_; ·'l·.!:t:~:~.~~l}t:~ 

§~i!~itr~i~s. 7.'2 
Perhaps ~e m~·at s~king applf~ti~n ot,' nuclear orientation, the !~~o~:i~}~·t~ 

~,,/~:f\~rity nonconservation in.beta decay,' bas not.beeri develOped into a ·general ':~~~'·;)1il!~:.<>~.i~1 
.~: ~; . . . \ • ' . . .. . . ' . . . . : :{''·~ ·~i;~.::t{,{~1 

>i?}.;+ study ot beta decay, largely beeause of the hitherto quali~tive nature· ot electron"'.N;:..it~r~ 
~~;: . · · - ; . . · . . , ·.. . · ri · , . · · · ~. :~,.iA·i./lt~';':;t·ir~ 

:<energy measurements witli plastic scintillatora •. <;..·; .. , ·.··· ).. · :.j;';'.~i;*;~-:~,·~:;~J:J.:,;:i~f.1\ 

J~J·~r-:.:·.:·~.. Measurements ot the energy dependmlc~ ~j·larged~particle anfsotr~;~~:}:p~.::~;~~~~·~~;~ 
;j~~~~~;\· : . . ' .. ~· ' .·' >~~\j:11.:~:>r:~}·b>>!.t·.:~~-~ 
~.~:.~~~· from Oriented nuclei would .'t>e :valuable tor many p~oblems 1n nucJ.ear. physics.: I·~ s:.:~~)?·~~.~~ 
':~~·-:;;:f~ii .... _ _ __ · ... ··. · ·. · ·.. . - t· . · ·. , . · _ . • . · .... . ._ :. , -: · _.·.rr~ ... ~ .~---~:;tJt~~<~t.\f..::,.~: 

. ;-a·H .•.•. ~~i[:'·~ Special. experimental teChniqUeS. and counters have be~n developed. to. make .. suchl I i: : .~~~'!:}*~(;il'f~: 
, ;;~; ~:;~0~~Jtt::' . • ' . . ,•. ' ··~I. j t ;({;{i\ ;:[ ~y 
·.•··~~· ;f.';:.:-"'·"; measurements possible • ·· These are described 1n Section II.· As a first experiment ··,\i .. ,~:'<';~r·ji 
~~~·;;.t)i\t~~-;~t~r;·~~.1t..:-r . ... _ .. ~ .. - -~··rr·,.:~·{:.:)~;/~-~~i;~ 
··:wt~~f,!~:¢.~~\the ansula~ d1stribut1on.'ot conversion .electrons trom oriented ce1'~m wa's .ch~s~n~~·J,l:~;r;~·~Ef 
:<~--~t~!~·rr·.;: ~'~· .. · · · · ·. . . . .···· · . · · . · • · ·. . ·· . , · : · · ~~.~ ~ .; :';:dfr.·: t~:: 
J ,J'1l~;~ft;~;~;:h This ell;l)eriment was free ot ambiguity ot interpretation and had valuable 1nternal;>:1'-i{~ii~.l~H;~ 
'. :\l ~{L'1~ · · ··--· · . . . . . . . . . . .. ·t;..:4{.·;J:::t~F0~ 
· ;;~·.(:f.:'i"E· checks •.. At the same time it allowed the first ;really direct. dete~tion .ot .a·:, .. tt~::~;:~J.~' 
·}"' .: .. \·:·t~t ..... ~"'t -. . ; ~ . .. . . . ' ,, ... t,.}-~<' .!(} ... jj~. ·.• 

r ·-- ~'1t~:~f~~~:~~/ ~ 1 ~ n . · -~ ' . . .. 4. · # - ~ • • , :~r- :!. ~~it~~;-;~7·::_::~~- .~.!:;_~ 
:J;::, .:~ .~r~~; .. 'particle parameter tor qonversion electrons.. . . The results· are given in Secti~. _ ~:t~<' :1 ':L 

... \h~P.~f~~ j.) t t · . . . . . ~ · , . . . . . . . . ' : , ·· ~. ·t'~lJ~~ t:~ J:: 
'~'i:~Mflhi;ic;-,%II•·· ."In Section ·IV the measurement ot particle parameters is discussed and the··;.: .. :t'-i('i:f:r.H:b· 
·.:-:~f'fll~~t!,;;';\~.f .... · ·. : · . . . · ·· ··· · ·· · · 1 m ;: :~·t~::'.,[~:;:{b~~~;:f 
· ';\·m8;~;Y:;.!S·;;·~·· results· are :compared.with theorY• .:The hypertine structure constant ·tor Ce 37 <:::.·:· .. -,:,p' .. 5:f/,\: 
.\w~;~r~*~~;~:;.:.·: ... · .. ,t·: : ·. ·. ::.,·.·i< . . , :-:.:,·.:; ... ; ~ .... · .. ·.· .. · ,., .. ~,·· . ~,, ·':' .~::~:Jt:t··~;~:~.;.}!·~~t~ 

, .'l1·~1~f.f;~ ~.and the magnetic. temperature scale ~or necx'cymium ethylsultate are discussed in. 4'~;·~¥j'1;(4i~:~;~~M 
·:·J··:s~t;,l'ft·r\: : .. ,, >,:.· ·. ·.· ... ~:·:.{~.,~ .::'··:. ·::~.:.;::_. <.,.h···.i; .. ·:._,, ., .·• ;,~·\+··~ .. , .... -,·~·t:i'.·fii·~: .. u·-::~r>~N;r:: 
~:,~f:~?~~.\ 1:'_'· Sec,~~on.~;~:~ .. ~·~ .. izl,Sect~~ :~ :1\\ture .applicati~n~ ar~.siv~ .• ~.~the .1;e~?-<lues.··.~~:::J\~:li~ii 
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: ~ • , A ' ·,~ ~- ,:., . . ,·;~3r:· . . . ·7· . ~11~ •. ·.': .•.. ···: 
· (~, ' . · . . • .· · ·1 ·o:.. :Y .Pi' 
_,·"'~l { ,t' •.. . • .:,"-
''i:~, "'~~· ' ' • • -._ ' t ~ • ~t ~:~:. 1.~;~ 

.·'·.o;,~~:~::~::~ the higb energy limit, h .. • 1.19. The particle parameters }or conversion ·.;: ::Ji~:;Ji: 
.li ,. - i <I - r . . ' ~-. ·:~ r 't . 

:.t~f ~~;:_:·r:·:~·l:~~·~ r : · . .f . - ;- - i-s. r1 

:;::;:ft~:-:f,1(tt:::-: electrons may be substantiall)" different· :from unity, especi.E\+J.y tor low energies :- ');:~ ',i l:.· 
· tJ:•;f{h}f;,_:. . . . · . 20 · . . · . ~ '' . . > ' '.:.::~. ~,·; ... ~-rh: 
-~;'!J8;~f~V.~-~/ .. ·and/or multipol.arities. In contrast to -y-rays, the electrQns are Bpin-1/2 :·,. · .. · .·:"1. it~ 

.·_ ~-~;j~--~~:·:t{J;: (~~:f· :.' ' . _ . _' o' · _ ·, ~ ·• ~- -~. ;: , ; -~ · {~Y; 

.. ;·.)~it?:':i)·;:'; particles and are eJected from discrete. atomic (or molecular) orbitals. They.' : •. ·. ~-~ y,: 
,~--~--l' ~-__ ':;·~-- .:.r~-.-.· ... · · . ' " ' ' '"' 1 ~·, -: 't$· 
t ~- ~"" .,' -{ 'i·· ., •• "' .\ ~ ~~ 14-

, ::~J '::~ ·::;;:'." ; undergo a phase_ shift on leaving the electromagnetic potential of the atom.. . · .:. · ·: ~: 
•:.·?)•/Jt~~:~ • :" . . • . ' I . . ' . ' , l ~.>/ 
',1 .£:.:.;,~/···i~~;<:?' Biedenbatn and Rose have tabulated particle parameters for K. conversion electrons :: ; ·r 
~c::~)~~~~/'iL:: . . - . · . . . · · · · ' · -. - . . · 4. ·:: ;'J r~~ 
\;~~--:.~1:1~ i.1:: ·., ejected from relativistic atomic orbitals, using the point-11ucleus approximation •. , ··,_ ... >·!.f. 
'' ~~,·~:";~~- ._,; :~~·:·· :~ . . ,. ; ? . . i_·.~t 

:.J(~iti~r:(. Chur~ et al.19 have pointed out a sign error in the theoq. · .. · · ·' .. ;t 
?i;~~i:s;:~ : :0: hv are sensitive to certain subtle feature. ot nuclear,struct~-'. ]1:: 
·.;}·.:.,t. ::-::·/', Ot particUlar· importance is the "penetration matriX element" for hindered Ml ·' c; '? 
~ .. l~.·! ~-~·~:;':~:~:~~,.· ..;r::· . . . . . . . , : . . , . ~ J ~ .. 

!,f';c·~]1:;> tranait1ons,
21

. 'thus it is desirable tO cileck the theory ot particle parameters • ·•:.· :!_:_.,:· 

. t~ .;.:~::' b;y measuring several hv with higb acourac;y. That th~ theory bas not been ... ~,17" 22 · ... · •l· 
- :;·: ···l,t ~- • criticall)" tested is evident :from the :fact that, until the recent work of Geiger 1 · .· ·:~ ; ' 

:. ~f~~·:·;~;_;;·: al;l the the~reticai mixed-transition particle pa~ters in th~ iiterature bad\tbe · · ~;{,· 
• 

.~ . \.' ,,:- -~ ''. • ; •. ~ • I 

~ ~ .f ., :: • ~ : • 

: ! tif·; · :wrotJg si: pure multipolerities several partiole·parsmeter measurements ot ;.~ '· ·. ·• ·.) :· 

;~:· ~~::~:·;.\:.· _- 1~ acc~ac:,t have b~en. reported. 23,24 'l'bey are' set out in Table ·I. These , } .:> ' .. -,~~. '.': 1'· 
~ . I . _,':!.,.- f ~. ;_ ·-

. )>~,;~r<; .· measurements were made by observing the angular correlations o:f successive ·.~, <: :,.Ul· 
. radiations and are thus less direct· than nuclear orientation experiments 1 · in ~ ~~ ; : :~ . ~~-~ 

:. ··: ··~- 1' .·., i, ~- <,;_·, 
•. :_··.1· •. -:..·_ ~-i, ~- ' -,- . .. ·, ', ' :} l.'. 

,. · · · · which only one transition is studied. .Angular correlation experiments; and those · · · · ·' ' 

:' :t :'· :·:·:-.-i· ,. nuclear orientation experiments thet 'involve intermediate stetes, are always sub- '<: r~; 
.[ . 't· 

•. '!· 

... Ject to whatever uncertainty the perturbation factors ~ entail. !Iha . effects .. :·-~ '.". 
-~3. \ 

··lt~:·· ··; .. : of. these two features (observation of two radiations and intermediate-state pe~-: 

:·!~:; · . .:- I " : ·, .. {~ 
·f· ·~ ~ ··"' l 

. ! 

' . . -~-

... ~~ .J nz 
.turbation) can be eliminated by direct c::mparison of conversion-electron and photon .. · :~ -~-:~; 

()',... .• 

tl.; , . • < intensities tor the transition of interest. 23 · · ,. 
. ·. ' ' . . . 

A serious ~:fticulty encoUntered in a precise exp~rimental test of th~: . 
-.: ·ol 

', ;[ '::/, ·. partieJ:e parameter theory :i.~. the extreme sensitivity of both:: ·F2 ·, and b2 . to':l, , 
•+ l-1~~·~ .. , J: ,· ;, < : ·~ ' ',:· •.' ~:, ... ' •• < •,., > •, • <I ._ •• ' ' \"4 ... · '.<{' o 

·:;. ·· .. ·- ~'-:· .. ,·small admixtures· ot higher multipolarit)" in the transition.· Except tor transitions 

·:: \v •, .·'<~ • ;,;: ' ~ , , ' •·· : ' ' ~,;;:::;' . . . " .' { •• ;; ;; :·:: -t 1.>.: ~~ ,';' 
_ .. ";.}:> ... : ,;.~· .. "~<!." .~.-.. :~·y~ ·:~i~\· ::.~ ··'·•f, ):····· .... 4 ". ~- . y',·"·" .,· .• •. ·,._,' -
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·-1 ,l.., J·' .i .. •_"·:· ' •.. ..:·~~-~ ~."~ ..... , .. ·;. 
' ' ;t ,. o4~ •' ·~~·<~'\: ,L, .•• ,.l ·~;. ,;"~;' T...,f !J 

. : f;~~-~--~.,f: ·, • .. •• ' ' ' ::•_:_ • ~- '.· ' ' . ,. . ' '·6 . ' ' ·;· " . 
. . ;.-~~·~,._ ,, .''.,· . )1 :- . , : . ;<: ,.9 ... :· '• : ~ UCRii-ll .. 2; ~~ t-'·.· . '';~·:;· :. ;-c 

-· •. __ -_-.-_: ___ .• ,_-;:_:._.,: __ :.~:~•:_-_:.;•---_-.:.--~-~----.·-__ . __ --.-__ : __ ·~---._; __ ·_:_:_-~_·:·.~_.:_:_·:~--:--~--.-·-::-._.-_-_-_._·_:.,-.~_--_--.-_::_"·-·:_.·.-~:_-_--:--·_: __ -_: __ .::·---_'.·_.:.: ..• :_---~---·_.,·_-.--:~.-~: ... _-_--_~_:_ .. _:_; .. :_·._;· __ ::._:_ .. _, __ ;:i_:_--• __ ~.--_·;_·_. __ ~_i ·, · _; :_J~t:;~ .. _ . · ... , · ·. t':· • . ~ Ft:·!·:~_::·~--'t:~td :i~ 
, :, f~ :1~~" ~- ' i; ' , , : 1 II o e : ~ ; 

1 
0 • 831 (13) ll:!b2 + 0. ~ (18) llJ,. blo, . ( !)'1 }fi,_t~~~t~~ ~: 

-::-~+.:+- ' • 5 Y r t .... ~ ·H .. ·, ..... , ... J · 
. 8 (1·)· ('·) · }~~.~~"· .;~r·.~.o'.~(~. 

-~· <-· o. 02- .... B2 . + o.,lo_ .. _B4 -·.·. __ .. .. ~ . ·~ ~-1 ·"' .• (."'· -r~Jr 

·( '": , : . · · : ·· < · ·:· fJ:f;~:;~~iH 
. b2 ·. and , b4 are related isee Eq •. 98 ~f' Ref'. 4) for this case by 

', ~ . ' ., ~·. .: : . ~· ..,. . . ~ .. . +~~: . ' ~ ;_ ~; ... _~,: o;, . > ..... - -~ '.:: -~· ~·... ~ ; • • ' • 

• I ·. :-•:. • ::jf .' (. 'r. ,.. ;~ r 

,: 
1 

• t .. ~ ! 1 .", ,:f~; "·.:.;...;--: ·,_. 

)J'I' •,:- ."ol ··:•; b ",• ll b.' 14 ;\ \~~~-' 

, i. , ·. '·. 4 . ·: '' ' 2 ,-, • . . c: . 
... . ·~. ~ .·. . . ' ~ '· ·• ·. :. "\ 

~~ -~ '_,_~·~· _' . .•. .., '. 

;,• (6) 
~ . ... '. 

' ' 

· Subst1tut1~ Eq •. (6) into Eq. · (5) we ob~in, for any specip-c value of 1-W(O)'Y · ____ .... , 

equation 'With _o~ ~ne unkn~n, _b2 . We have calculated [1-W(O)el([l-W(O)IY] ·')r~ {",; J. 
~-.;;>t~~r;~:!·. ··as a function of 1-W(O)'Y for several values of b2 • These curves are compa~ed ·. ·.·· .. _(~'At 
. ~~,:·~ ~.>': :r;: /... ·. . . . . ., . _, ";. r 

·.·)(:.::,,;{,:;.:_·:. ~ith the da~a .in Figs. 7 and 8. ··From all the 0° ~ta we obtain the values · . .'t 1.?i~::f;·;·, 
.. ·'(:;:;.:>·~··:'(standard deviations) b2 (K) • 1.061 (6), b2 (IMvi) a 1.059 (8). The largest known·,·::·~~:/':: 

):::ph;~' ' .. "YI!tematic err~s a~se from uncertainties in the backgrolind and solid ang~l\,: : ' , !: 
:: ·~;H;~. ; ; , corrections. bse unc•rta,~t..i~.. add up to e~out. ~0. ·~dard. ~tion ••.• 9lus '.K; n 
., .f·d ·:· ·.we quote the :tiiuu values . -·;:: __ . ,. . .. · .. ..:._,,_ ,J, 

;:f;c_;.,>\·( 1~;~; •t( :· \.~;:' .. . . ' . ,·: : : ::': :( :· ' ; j ]J .. 
}/:::; ;- ·;. ·:' ':.;il \ .[:;. /b2(X) "\061 (18) I ' - :: '.L:/:: \ ? '/; ; . <.·1,·~-·-.1 .•. -

-·{... . ..... ~ ... • .. r.~ .... _:. '-· .... , - .·-._.I :..... . . ~ -
;,·c.:;_},,-:~, .. •; \1: ·.. ·. •: ·' 

.: ;_I, .. :·,··;. :.• . b2(LiM) &:1 1.059 (20) • '. ' . 

rx:!:;u-.::::·.;·,;} . _.· . ·. 4 ' . . ; ·;-
:'.~: \"'~:·:;,: 'I'he theoretical value of 1.055 for b2 (K) is in excellent agreement w~th our · .:r~:. x-:~ ,;: · · · 

--~;:· • :-: result. No theoretical values are available tor the Land. M shells. ;~ . 

. ·~~ ' ·~;,, We conclude .that the theocy is acclll'ate to about 2'/.. tor .this case. 'Ot{ .>( H*' 
' .. , course· this s1nSJ,e result does not establish the theory for cases in which the·.~. :.<,.:;,:~:~·}ti 

are sensitive to details of nUclear and electronic structure (i.e• 1 1':'ft '~' ;[;i~:t~ 
energies and/or multipolarities) 1 but it may sel"Y'e as a point ot reference ':tot-~. .r+i};,:: 

. . · i ~ '·:::::~•-r:J: ~I·i L. :_;A·H~'.f:j ;~;til'!~ 
• ~~. "'· r ~ • ·t ! • t~ r. •' ~- ~ •r: ·-:·~ · ~ \. -~ .. :·:~f;,r .... "t ·~'- ~,.r.r; l ' 

i.~~!~~1~~~~r:~~~::~:ii~f·~::~~·'!;i 

·v ... ·-
;_·,_ •! ·' 



·r ....... -- CZ£ 1:1!,<1 .- • 

I 
I 



I' ' . ' ·. -11-. ,. 
'· ' ~""' I. . ,..': ',J ' • • 

'·. 

! 
. ., J~ ~ . 

·.;:,;:,·;,, ~'.;and taking . I • ~- •· In this plot the size ot "N need not be assumed as _.: ' .. <> \~ 
.:,;~:~i:L::i~k·< it does not affect the torm of the· theoretical ~urve, b~t only' the temperature' . :··.<' ··; ~J:~:;: 

.·: y).~~*:~~~:\:to .which a given ~oiilt ·on the line corresponds •. The excellent agreement ·~Oundd.··; ~.:' ... ~~::}.~ 1" 

·.·:::;;'',,]~)\~> . . . ' •' . . .... ~. .'-:·:.j;J 
:·~/·{''1';; ;'(between tbeor;r and experiment (the theoretical curve is corrected for finite···· ~q (·· 
'i. ;~;,;:;~g~ ;;~~J '· ·. . . . . . . . . . ., .. , . .·.. . . . ~ . ' . ~ 'i 1: 
·' ;i:;<{{~:~:?·~~. coun~r apert~e) is evidence tbat the radiation is indeed pure M4, and an upper • ·· t! !{ 
~ , ... ~):.:::·;t;:t ~.·~ ·. . " ~~l' c 
''l:··;~,i~~):(~·l1Di1t of' & • z 0.10 can be placed upon the E5 amplitude admixture 1n the transition. ,: ~;-
v·.~}f·~z::;·~;f,; ; :l ·; • . . . . . \ R!.QL · · .. . <~"; +· 

·;.F{i~?Cif'>7. ''''· In 11'1g.llis plotted the anisotropy e · • l • W{7r72) ··as a. function of' .. !, ·;·; f 
. ~ :h~f.::~J.~\,::~~:'\. ·~ ( . . . ,, :; ~~ ·~ 1 ;;~ 
: \ · ,; " ': '~ ·. T • At all temperatures the anisotropies measured were larger than those of Haag · i "' 

• t ~ • " "1": . ~~ ... -~ ~) ·. 

et: al., requiring that the ·hfs constant be somewhat larger than thfl!:tr ,4er1ve4.' i,:i·,.,.>·~:·.:~r:· ;: ~) · 
~··; ;·. . ... ' . 1 . ''.·, ·.·:. !ll 

.; ;J;:; .. ;~ .. ·value ot A ., 0.0129 (12) em .. ~ ~ theoretical curv-e shown in Fig. ll is tor .. /.;.:,: j'!> 
~J{, .. 'i::~~·O:.\··.: •. . . -1 . ,: '., ·: (.i: 
·.~ ,.,.,- •.:. :, ·A a 0.0147 em • The detailed agreement ot theory with experiment is still poor. 

1 
~ 

:. t· ~:-:~ .. ~::~ :_~~-~:._; .·' . . .. ~-

. ':~·:/;f~:~; ': .. Th~ ·~eoretical curve shows de~i te discrepancies, being toobigh ~ the re~ion . : .~. ;: j :L 
· .;. ; :.).,:. · ·. _10 ~ T ~ 25 and to low for 40 ~ · T ~ 50. Similar deviations were found previous]¥ • ( ~,~: . · ; · 

~ ~ .; \ -~· . 1 . -r 
:' . ,~1;. . ; · , In general the form of the e vs T plot depends upon the F v , . the ~tio ·.· ~ ·: . 
. ... . ~ <. .': 

;+ ~· >(; .. ''···of the hyperf1ne structure constants A a~ B., and the temperature measurement •. ; 
; .... ··) i 

:L:.<>):::·:.;.. The small admissible E5 .a.Qmixture allows very little change 1n . F2 and . F4 ;; ~·· .. · 

. · ·. · · .·: ·· ·~ and we have found it impossible to obtain a better fit .by altering the A to B · :" ·· 

,_,... j ,. 

; 
··'/. I ~- . 

i • 
·' . . . 
: i 

' . . .' l. . ··..• . . . I . . . .. ·~· : .· ~. 

·' t-:::~).~ :~ ., ratio. Thus the measurement indicates systematic errors 1n the temperature scale, · i¥·· tr 
.... ,_ ...... . , .. ,,,, . 0 0 . 
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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. 
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