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t :acor :aotaoa; for  coo s t-cc’: of soima s : a t .~
‘vc..un5 c a :_ u o : o n  anc mam9 : ’ _ a c c  a : : .4-us . c.n; cc
by an a ly s i ng tha d i s c r c ;u a i c :. of :aa o-~ec i v e  ;rac~ r i’-s;ad
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tracers.

~~alys is of :~rce ~adica :..ix~mu:co wI th :~ad i o act i v e
Tracers  __________________________________

Cr. R. &. :.:actin ucha: . )  uses a r a d i o a c t i v e  t racer
techa~que for toe aaa:ysms of ::‘eo ra.eac ai ..;ixtures. Toe
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-roavl radica l anc the i;hotolysis o:’ acetone and other ke;ones.

Sh c r t — I i v e c I  a i ~~h~~;i c f r o o — : ’a c~~ca o. can be ~fixed~’by r e a c t i o n  w i t h  ç l e n o n t o r y  iod :.ne~ If t h I s  b a b e is
l ab e l l e d  wi th :~~
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tube a:’ ‘apoo the at4- .itica ci’ c a c i t i o c n L  hya:e _ o , n i t r o g e n ,
or ar~ cn carr ier gas .

The :.‘incr v  act  I:; -abe aha-t ;b’sis cL~ acoacac and
octh’: —cthyl ho tone by u L t : a v I c be c  1110 :  a: roan tana -eramure
as too :~ c’n ;taon o: on a -::J r a . c : ca .  4 n-: a n  c cy_  r adacal .
The two a lt er n a tav e  processes in toe ::::-aaa. -ae;ono

j_~~ 
c:-~ -:coo2:-5

CH3CcC2M5 -
~~~~~~

~~

s .-cre q u a n t i t a t i v e l y  c onpara d and the pro pondo ran c o of re —
action 1 over reaction 2 was founa to  ho ZO ;1  at  X = 3lOOA
and 2.6:1 at X = Z000A.

ID~K:NDALL ::~~~CT

Studies of the lUrkeadall ef oct in diL’fusi cn are
b e i n g  nade at the .°.tonic ~nergy  ~ os ea:ch i’.. a a . c L I . .A on;:;c a t
:-~~r we l l , Berks . ,  by R . S. Dar r . s s  oL~ the :~~~ - : a i l u r o \r  DIvision .
The oricina l :-~iri~~naail experinent has ba-so repeacod and
additiona l exper~~’onts devised , pa:’ticul~ r y  in the cop-~cr—nicke l system which was chosen because of its conpiote so!—
ubility range.

To nagn i f y tho chan i ’o I;; t h i ck n o s s  ci’ tho d f fu s i cn
z one , a sandwich  of s ome 50 ait c rnat e  sb-;~~ts of copper coo
n C A ~sC A. W~~~S .4.~oe ~~ / A A O ~~ ro _ _ an g. ~~~~~~ aac5 - :vals  o a r i n g  too
d i f f u s i o n  a n n e a l i n g  t r e a tn on t , rasasurencat s  u -or e :..a Th of t he
t o t a l  th icP.aess  c.’i th a n i cr on o t er , anc. th is  thickness was
f ound to  in crease  wi th the  scuace  r oo t  of thc tine 0 iot a l l o —
cro :;hic e x an i n a t i o n  cf the c r c s s — s e ct i  on o ’ tho s a:;dwich
sn owoc holes  on toe copper sacs Oi 0000  c- : : u s :cn soae~ du~to  toe coalescence c: l at t a c e  v o a n e i - ~. d i f f u s i ng p r e f e r —
eat :o~~iy ir . t o  too c oppcr~ . no. ;~ - i . . . a  :.~
poma sned , these ao~cs app-oar ~~~~~~ c. :oua , :mic -_ c a . t,
the specimen is given a careThi  n o a c a b o a l  I :h , taoa~
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ha -los an na-;:’ in abc I c  tcuc y -.a -na : - ‘ .cn ho:-.; a
-cna~~ ounce:’ cf m 1 :  :~~n .e-~ ..:e c i n c ~~~~. .~~A . : : o c:’.n:’... _ na
n. -ot cc te:’ sec n- f a t  on. c:’~~~~. .

These c:-:ncm ’ia. ot~ also sh-; ut a c onsiderable
ancant  of st:’a n c o m s  ~~

- •.-.-:-.: toe c :f .sI  an  acne , :~ a
c:’a - s s — s cct i  on of the suc.c i n-e n i s  ~~isha -a  f l a t before the
d i f : ’u s m o n  anoea~~ .:o:a~~ of-cap,;ac ~r .apsc na cn a~.t a r  toe

soows toat  too :aa te : ’aam on coo c op t e r  sac e  Ci toe
f i : : us i o n  z one .aas a-ceo  oucoec un a :  the sura ace to :oz’zs
a . s er a c s  o; u’avcs or ripn .-es~ -. c;c~~— :c: _ cc t : cn  _ au c

ci’ th : s  can ; m ’e g : o a  v ’~ -a :. a a-C n a c r on  X— r ay  ceam
so-sos -a e c:;c.c..n’a o _ e  a:.:ocnt c.. poL ’-:- -co : sa  n on , too n ’a ;nont s
a - s a n g  i : s c m ’ a e~~ccc cy as :auca as o ce :cees2  ( o:s sc: 4- of
h—ray worh a s  5aCL3 p o s s i :L e  cy ma spcci~n :y c c:as tr’a -ctao
caners. woa cra  a Io..-s ot e to  .a ocate an X — r ~~v ~ean on toe
soecar .aen a- ; : to ln  mac o a t  IC :a:cco:;s oa a p on~t prev ious ly
se lec ted  under  the n icroccope~~)

An ~n c i a o a t o~ r e s ui t  c: t raca c  oxncra : . .ont s  at
ha :-~n a l I  was the d e n on st r a t i  ca t.n.t t o-a - g a - m a i n  b oun cary
a i ff u~ i on ra te  of conner  in  nic~-:c 1 ~-ao a -c an :  th a n  the
l a t t i c e  c i f fu s i on r a t e s  Th i s  l a t t e r  wo::o is descr ibed  in
::at ur e 13 C , 1032 (1950).

::-:TThn--.L c)bilh-c:oh ci-’ ALLoYS

The p r o p e r t i e s  of i n t e r n a lly  o ;- :bcioed a l loys
arc  b e a n ;  i n v e s t a gat c u  at toe ..~5 ; ab l u r Cy  aaa -o ra t -o:y of
~ a : .n r aag e o n a v er s a t y ,  under toe a i r eC c ic : ;  of Frof ~ h . 0.
1-~ust ~ n. ost  oi toe  p r e s e n t  u-oc t-: as asvocca to  an exam—
i n a t m o n  o: toe necoar . ica p rop -o r t : e s  om ;oose na t e r :a l s .

A A ~~~~ a l~~cys usec era usu:~~ y snver—haso , co:t—tam ing either 0,05 cc 0-~~5 p-m :’ceo: of s l i a c O n  a:’ o luni roarn
by we i gh t .  The c h I e f  d i ffe : o o c o h o t — .-;-o e :t the A . — ’o oa.’in; an;
S i — b e a r i n g  ai lcys  is in the p~n-tacic size of the c:-: de af ter
no.orna l cxac.a4-:orn .ae a . a-::n:-ac n~ :tacm es aI’ O an5 cys

coa n toe t a n c a  pa:’~~m c _ e - :  a :n. :o: s c: ::e cc : nc o a s
rc: _ a c t e a. 10 toe gocater at :oonao an:; ..-aoor ductility of
on A-.L—!)Caran; a1:oyn~ .0-a- one-c: n 3:-nec :~~:‘cac~ e sansis a l s o  appa ren t  in  e:-. g J r in o :;ts wh o-c ::a -; o a i d i z  bag

is v a r i o c i —~~;:... i~ - - the  c:- : i a i_ n;~ t~ nnn.;u:’c , the
s :.aama c ? t ao  ox:ac  7art~ch~ an; ~~~ . . o ca - ci’ ...n. :sc:a
critt le the alloy.

— 237 —

—- ~. _
~~~~~~~~~

- - -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ -- - -~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - ~~~~~~ —

:- . .Th iacd allan ~ce oh e ;a  a’ cuad to
be s tcan u~e r a-::-. nc- .’~. :‘I t cha  cha- :: u o c - n b m a i ~~ .a a n . c -’-., Ia
an a-x: a s c e  a - h O” i a -  :o atcc. t o o  ccn-~eca m-; ::
th at  at w h i c h  - t un a c x l ~. I a T h , usaa a i~~ r CS C- ’--C , co:.caao ng-
of the o:-:i de :;a:’t_Th’~a c-.bas :h~.os an :, ~hc s tr e n s :h Ce —
creases hut it is sn. 11 strom 2 a h - .o an c :;cxidb a-cd
specinen. l n ;i ;e :ttThly ,  th~~ ~ a -oca r i n a - o L e  a:na- no: COO
cated by g r a i n  s iz e  v a r ia t . cn a .  o i :aco the -c :-:b: -s j a ar t i c es
are very e f f e c t i v e  in :ahibiming ga -a - in gro-.-;-:h~

~ l 1 tha- obo~.re a-a.. a-roe r-a-:’ma:’ to coon tcnne:atu:’e
tc~ s ii e  p r o p e r t i e s .  hoot t e s t e d  a: Thova-n .. t-~.~no:ot-a-resto 600°C , bo th  oxima iao-d and uoa: -ndbaTh ub ~~oys na tu ra~~ y
decrease ir .  s4 - c c - n gth but  the oo icned  a l lo y s  l.n.e less  c-f
t h e ir  roon -:cnperoture strengt :. anon toe u : tc ; :aa_ ;oo ones,

OX i dO pa r t i c L e  s an s  oave ac t :.  -mona-can .  a - ’  a:-:—
traction of the oxide one e::aniaati 0:; wa -mb a.: L~~.ctr oo
cr c scc pa -  wo~ cn snows toot cot.; t m-n cm an . aoc toe a _ -a-an na
gocticies arc snhe:ical, wi th s ins  r a n g in g  up to  abou t
10CC-A . Sizes are noa~ ured or. the elcc ::oo ::bc:’egrap:; and
ci s c  d i s t r i b u ti o n  curves  nr ena :ec~ ?h~~~e curves  soo-; t h a t
increased oxidizing tc:;poratu:cs do not i:;c:a-no the .:a:-ai—
laun saze , woaco :‘cnaar:s at ac out Zu~-.’-. a-ut cocy do :nc:’ease
the r e iat :ve  nu:a~ or 0: p a rt :c i cs  an  toe Large: ’  saze ranges.
a -r o n  eaco sazo dastracutioa; cu:vc~ a v a L u a  a cr  too noon
sn a c an g  ae twoen  partic~ es can cc de:’av~ c coo :t is
t;at the yield strength c-f an oxidI~~oe a l loy  i s inversely

4 p r o p o r t i o n a l  to t h i s  ncan sn e c in g ,  In ag: cenent wi th
t h e o r i e s  advanced by Bragg  and by O:cwao-~

F’r ac tu res  in a n t e : na 1~ y oxadnod alloys tend to
cc aotr a ;r anu ar r a toer  than t raos ;r a r ;u .mar , pr ocab :y du~ t o
a tenden cy fo r  the o x i d e  p a r t i c l e s  :o s c a r e - m a t e  s l i g h t l y  a t
g r a i n  bounda r i e s.  This  v iew is s u p p or t e d  by the fac t t h a t
bo th  o x i d iz e d  and u n o x i d i z e d  a~~~o:r s i ng l e  c r y s t a l s  have ocre
or _ cs s  toe sane d u c t l i i t~.- a i o a o u gn  too :ocne r ar e str on ger .

— .—ds o , i :  an alLOy sangie crys tal as ox :oazea an; to-tn cons
worke d and r e c r y s t a l l i z e d, It  i s  nor e  d u c t i l e  -:b;n -ma n oxi—
d i ze d  7oi~ c ryst a 1 l ine  specine n of the sans Thicy,  s inc e in
toe :orne r case toe g r a in  s o u n c a ra c s  were c r eat ca  ca n:-’ the
oxi dataon aria grain ~oundary segre;a~ a c-n nac no craan c e to
occur.
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:? m:t i ~~. a - .  ta-sn .cc ; n--..’ :ai.;: cocc i- n .  c-c t or. i n —
tea ’ na- l v  e a i a - I : c d  C-~- - i  a_ l~~c I:: c.’~

_
~ r cs a t a - c . y

of ox i d - ~ :ccn. .ea an mamna c.. a - - ann a. m i o n , The
di a-~~J a- l ion arc  ‘ cen~. ~~0 a-ann a- .:- : : f . c a : u - . nn:c.-.~~a.: -

than tha-- U0u ., \ i~~~ i ~~d ~..-n  ‘O n a t  - a  u~. na  g r o a n
b~- -o’.da:’ y scg : e ga ~~i e n ma’ to  J.~. _ ..h’cc- t o_ moe o: ce ~:ar t ic 1es
the :os e ves :- -i ii be ~-acn.co by :.n.-:i:-.g f a t I g u e  tn as on
c x i e i z o d  s i n g l e  cry s t a l  spo c in -cnn .

Ti -hI :~::- .Ti CX 22T :.~ EN T~n.S ~_: 7hT~~n.T s t~i~ :~:CCYC - L Iz.A T I C:~
At the Cent re do :~a-ca - -~a-cb~~~ coha d es ~~ rns ,

:1 :.c:s , ~~~. Jona h and :~a-~~_~ C , C :n;a~~c~~ :- i a ’ -ac to .’ of toe l ab-
oratory,  are i n v e s t i g :.t i ng  the shopso :_ ‘ s t r e s s— s t r a i n  curves
an :‘e l a t i on  to r e c r y c t a _ _ : a a a : _ o o~ o:y _ a n a .  :nat  toe s t r e s s —
so’san  cur ves  oa a- :nc ) C o m - P a - : ’~~ Oa-2 :;CLa-n ;- a uoanus1~ anaa:ur .:i r .um alloys can a-c ca-area-ac; cy t - .-

~~ e c u a t m o na o:- toe a orTA :

4 s = s ~ ~~~~~~

whore S and arc  t:;e st r e s s  and s o n a in  : espect iveiy  and the
oto-o r naantatac s arc constant , n.e ~~ a na:’ : ca toe s t r e s s —
stroan curve is represomnea cy toe :n so  ec-ucca co and the -

sec ond part by the second oçua-: i on~ P o r l i c u h a : -  s i c n i f i c a n c e
is a t tache d to the s t r a i n  E~ s e p ar a t i ng  these t’.-:o pa r t s  of
the curve ( c f .  ias a- ‘-m a Z~.7 (~ 9o0)).

.‘ or exanp ie , ii’ the s t :’a in  is leSs than  iI-~, the
spots  on an X — r a y  d i f f r a c t io n  ::t -;tern sho:-. as-:ei’is:-; wh ich  no
na-cant o: a noca lan ;  can :‘cnovc, cat  ~: toe s t r a a o  exceocs
~~~~ , 

low t enceca tua -e a n n e a l i n g  renoves the a s t er i s n  a-ca-i the
sh o t s  be -cone brok e n up in  a way ch ar a ct o ’i s ti c  ci’ :a o iy g cn i zed
oc t a l .  The s t r a i n  -~~~~ in fac t , is found to be ecu al  to the
c r it i c a l  s t r a in  r e c u i r e d  f o r  r e cr y st n . l i zat i on ,  Below
no r e c r y s m a ~~~i z a 4 - a o n  occur s ) a t  ~~~~~ too sp ecam e n nay cc c on—
ve:’tcc in t o a s :n g :e  c r y s t a L  one above ~~ the - r e c r yst a 1~~ized
groan saze cocreases as toe sta’aan anca’~ ases0

cas : : nc t I/ni:. :aoant  was I oun; a n  an a 1 . ov of
a un a n u n  on. ma a -t a - cent  magnc s:no t a - a s  case ) fcc-a- I and
. ru ; saa’ e a e e n : a _ y  .a— . ::_ :0 ~~~~

-
... eo~ -~~~~

‘ t :  : - a 5 n s  ::ocna.can-;o .
u’ocrc toe str~.ss a-c— n :na to m e  ia - a- .. ~a .;o tn . ..a l h~ .n.iocd
a o  :o:s way a - 

~~~~ 
agan ri cc:resno:to.. ~~~~ ~ ..L C . _ t ~~~~~... st.w~~r. a ...—

c-un’ee zor reoa-ys -aa_ : a0a : _ :-. .. .: . ~~~~~~~~ o::oi:n. n. t O ... . eOe
be o av ior ; he: ’c t~;s yi -n. -. .ing  ccot~~~~.s .o .Jmau ~ C~5 np e r c e n t  and the  c a ’ i t l a a .  SO’ c .LO ~~i’t ;o’c~..:-l~
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Sn:-.. ~i.a-a- a~’o -:of~ .- - . h, 0- n .  :e:. l of n - s  . o t —
1 horgy bet a-a- c::~::: mal~ a-;-:.. a b..: - a -n . .  :y :mce~~e .teo a.

t~.~ c- -m -y ma: n..: a d s  p o m O c  cnene- o w h i ch
L O.. .. ..~~- -.

~~~~~ 

~~~~~~

~~. - L- C . C S — C. ~.L. L. .t -.  2. a .  c - a  a . ’- . - 2 - - -.. ~~ . . .0

i : : a c r s t a  ~a i ~.i s o h u t a - -  a l a - a -ms such co.om tb . .  a am-en a- -a- c u n c e
ia -I tia - l .’ to free a a- i s  _aca:n.:.  .h- c~m a- so uc : ate:.: ant
_ nga- r anon coo s t r e a m -  m -n . a - o ’20 a n’ . . u : a - . m . . . -:.t
of . .is  l a - c a - t i  cos , ~h:r :hn’ ac -a - .: 2o tha- yico. poInt po a..oo n—
en:.: in the n . g h s  of tn : s  toa -o .’y a s  b - a - i o g  oom - : ’ied  cut at

-- _ -_ ._ _- --- _ - _ , -  — --S --a- .  - --S — a. —0 ~_ ~~ e.-. — c _ ~~. ~~ ‘-_. a:~ -. _ - . . .. . . a. a. ~~ $ — C
cm’ -sta l of ia-a:; 0 00 .t a :oang  nne-a.  pnomoo: ca r s -on  aa -- :nas - an a
~~~~~~~~~ 

p o a n t  a t  m oon tcn :a- :’a— :u::- , a_to-on :. t o e  t an  an
s t r e s s  at the yield pont is m-~.th. . aOa__ ho-to tea lee at

the y i e l d  pa l :-.: pha -n oca -n a .  is ca-i -ma - :mach-s d c ‘- ‘hon
t:n testing co : :paroa-smc i s  .cm-,- ,nre d  s t an .  f aa - tho r ) to — .90~C ,
t oe cr~,r st a l  aoa o:ns a’, cw.no:og  n a - t e a - a  cm slap. Co to -t
ether hand ) i f  t he  Y i e l d  aol:;-: he .aona -ncr.  at  ro an  t en pe r—
et a - re  i s  r e-n oved by coca:b-a- :i s-ac i  a- .; cm- a s n . n .  a- am ount  of

- 
. - P i o s t a c  aoa omoat i  on , to eo an. cr y st a :  aofo r: mam e n : i -.’eiy by

s u p  at  _ l9CcC, These a - e s - a - I t s  an i n m o a -~~r et c ;  on the
s - a s : s  c: a very s te ep  cc ma -— n ce : ;c-~. a-: :oe a-cm-er yie:a- stress
on t a np er a t u r e 0  n.m n-.e tcnp c:r ac - a --a-e as o:-:c:’-on toe upper
:;a e~~d stress  a::c:eases r c p a a - ’/ uot :  _~~ mat  vern  n.m-i ceam~ e r —
at ua -cs , a :  ae con- o s o a g n c c  ...:a:; -toe c:’:t c o2 .  s t a - - o s s  :eça:red
:cr t W a n n:r .5 ) a-: ~-/oaco poao: too sm -ea - a-.n. cc:o:y..a cy
..‘-iaon:rag . u’atooam~ any s :a— ce :oa-nat_amn c r y s t a m s  -not cx—
:-ib iting a coon tenc-oratuce 

~
-‘ : 0 : d  a- o ic .-m 1 how-a-va - :; it as

ossuned t h a t  the C i O n .~~C l i a . i t  _‘-sr s i _ ~: v a r i e s  on o— n c d e r a t e—
ly u’irh ; t eamm - c r a t u r e  and :‘c:a-u ios  lo’,-:-c r than :h-: c r it i c a l
t ’-.I o o ir . g  st r e ss  even a t  — 19C°C . .-. nroh.:ni:-nry account ci’
these expei’inents appeared  in  Xat a :’e 10-7 ) l~~3 ( J u n e  9, 1951),

A cco r d i n g  to  - C o t t : ’e l l ’ s  che ery  of t :ae y i e l d  phe —
• no : :anon , a b o d y — c a n t e r e d  cubic  natal is :-;cce li:-:ely to cm:—

h i s -n .  a y i c i a  p o I n t  t h a n  a a oc-_- —c a- : ; -:s:’-a al C a - a - I C one -I.-. the
i’orn.r , t b -s i n t e r s t i m i a i  s i c - a - s n.ccna-  ::c.;—aph - .a m i c a i  a--:;eo
occum -ied by s o l a - a c  mo ons and ar-a- a-ore n.a-a- y t o  cache:’ sis—
l oc at i on s  tn.a--. ~:a-o sm- : : - :r ica a n t o r s t i t i a m .  s i i e a  in ~C0 netals ,.am ce o t  a-xn.n . . .ma::s, l. a - - a - v a - c, I 0 : ._ C a t - C
crys.. aia- cc:,tn.oinm c :sca-_ -:..d . c n n  an . :  

~
. I -’:n.s p o i n t .

t i s a a C t — 
~- 

_
.oe Z 1 r i C  a nna woa c o  Os-va - .n:c:ey.... .0-a- ...p .ca - .’a c m o m y  C: t a-a t.
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c r e a m - c c  u o t n .  ma-a- c a -n a - :- i s  , -. .s 
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S~~an:a - nm - -n- c of in :  ‘ o a t  to  :- a - - : c i a . m t i a -  t .. an.
n . s c a a a - c d  l-~-n- - .~ ~~~~~~~~~~ m n - s m - s  n. .. ,;, . s ~.... s... n .0;  _ t a - —
ao :n  CL,a. .an .a-a..C Oe . _ e . e .a.e . .~a.. .a-..~ . ~~~~~~~~~~~~~~~~~ t’.
I

Thy r o I d  *n’a t i a : c  at -c’: C m - - n . :  :‘,ob t n.re

a- a :-~~~ -..,l_:.. a .. a:.: ex::o a- : :a - n . - a_ t.5a~3a-’:- . . ta  a n- .— .-o
hr 5r ~ - a n  ~~ _ a - . .  a-a -i a - I s  o o n . c~~l ’a-a:  i , a m i c a n . . .  :.~~ m 

-a. - C . . _. .. — _ : . ~~~~ - .~~— - —- ,. -.. a. - .. . a.. 

a.C 0 , ,_ a. o l  ~ C ~~~~~r a t - a  an: t , -.c ceo-c . n - : m - _ t _  an ta . --‘ - nn_ a- -...c -: a. :o t a - c
t ,n.’c:a -  of a . o  h a l o  ; : ; i .n .,  :n .-. n-:~~ l ..a ..n:I :m a - _ .

i-s c cn :cn :r :cea 10 5... . ~~~_ . .
-... an _ --a- —oa -

:~~- ce a ’-.on-: n..-:
f a r  Z a-al-n a- -a-tn... ~_ I — - - -- a-am - c : s c n: .. a-: o i n : a . a n a .
h I t t i e  -am no Inn. -.- ..n -am. a - : : a - . . a . : a - m- .- ..a s i . a . : : . l ’ : : . ’- o m - s -~ .’a-
‘.~ C- :~~. ,  ..a-a -.... .. n l_ l :  ~~~~ - -..: ~~~~ u - a~ an. . e a -  _ c a -n: : a a .  man.,

- 4 --  - - .- .- - - - 1:LI —~ ‘~~ — a. s .  .,- _ - -/ - .

a -on. :  n-am . n . :  O.a - e -. e s O a-’ - . t ; ’ --
t. -. e i c  r ec amn. n .n n .a- :, e :: a’ .- 2 :. h t a- a..~-n: n. a - .. The:- can  

-. - c - I  - a~� _ a .  C L.._ — . ‘ - _ a... .. . — ~~~~~~~~~~~~~ ,,.) a .. .. . .

m a - f  n. :-:a -- a. g a - c  a- b -c a- -: a da-i ’c ::-: . a _ a -  a - m a c c  to... n.:.’o a i S
C cam p a . s t ; l r  rms - : ;ia -e a.--.. oa :--~~

- i.. cao:a -n amn .  ..e ..  :2 , o c . - —
a. . L a -  . . .2 a. Z-a _J 9 a . . ’ ,L- .~~~~~ ’.. . C. a..., a. - .~. a . .  .. -. V.. ...

- - t n . rold  an 1o .oa- na-s a c t i - . - -s aoa th e :a - - a _ d i s t r i b - sa - sa - ove r
toe coo~ as  c encn:r:te e o toc c~ ’:r cac  -~‘a t a - a tm a cm: - -.o - a - ca ,

.-. a e c . -- I .3-,; 3. :~ r : : t t a a O a - , . s  bodg- t-~n:eron:’ea o ’ m.. :i~ .:. .:::. ~..an lha _ 1-o , a:.: m a . :  ~s ?.‘ o s om - iy  t .~.d :‘esa - ;
:. ‘ t . a-. i a . . c t I c - I my s_ ham - n. .: a... - . r:..a-o _ .~c .  -.  

~
- .- ‘S
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ad .Jt~~~~~.. .a a . .,2 ,. ..
Toe o c a - : n n .  c c - .’na- a-c-a n-a- a a’no :- t r o ~~:n. :..
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I co- .’- a. - :- . .i -9 x t :’::c n , da - aco yc o r t a —
C C 5 a ., . m a . : a -- - - a - :  e c : t i c a -ne , aa- a C a - e . .  a .~~ t h 7 m o a a  a c t i v i t y  bo th

‘a. ..e ac ta he and t a -a -  m a - n a - a m - a -  a-: . ‘-‘~~~~~

0-ha- V~~~~~~ y : 0 i d  ic.a-c ; .  a-i am ’ C. - .: cay- ’ -on pr -tm -s- a-re
the . . n e . a i  cortIc al :~‘r m:. : O a c t I : 1 c y  -a r -s 0 1 0 5 : 1  : ‘. . : a ; cc i .

T os i c  inf la-o ::s e or. :ac t :bon.-..a: ama -c ;  b 9 a- cos a :,a. , :a-n.c an ...
01 ~h t ce :m :’cse::t an ae n ta t i  n to  aa.a - :’-sa~~ a.a-~’ a a - n  upta~-:c .

::e ;h i c a n .-.-a a- nd i s : :c ic - - : n ’/  i n  ;h n i~~n a a c i c c

b . .  a.h~ ‘b 3 . . , -a- .n. oa. .~_ ~~~~~~~~ b n . . I L) 
..a. ~ • : — - . ., .~~- , _- - _ _. _, __ -. , _ ~~~~a,- : , - — - - - a , — i.

C a. . - - a. C a. a. 0 - - .;-~ a OVa, a.~ • ~~. - a.. .. . a. a. a. a.. — C a. a. V..) -. a. - C a. -... a ~a. —

:.-.cnt si’ mama - lacaonoca  am. a m - a - a - m a p _a- :..: ::s m as es  aod cm s-one
::etas-amoes ao  a m a - o a t  c a c c an o i n may sn: a- .-ma :-amo -a -s. s- e n : n a s t r a t a o n
of a:a- i no c o m a s  a- n..; rac:oac ;ia-s.  ::: .os : .om-usa .  Too m a c s t e  xor
an i n o  eon. th e rapy  r e a l s  .n abc m - c s n h I - s  I nc r ease  in up-
take  of r a d i o a c t i v e  nc - a c r i d  I n  tha- c-a -n a -r ca - s  accoodar i es
or i n c r e a s in g  the geoc ra l  t o l er a n c e of tb-c pat not to
r a d i a t i o n .

f~c;o-d 10 5 . . -~ the b a - s t  p r o t e c t i o n
to  a - a t i e~~ts t a - e a t e c  .-.: -mo ~~~~~~~~~ a l - m o o - a - - h  -h.e exac t  ~ ec h a n i s n
o: t o t s  C ct a -n  a s  una -:nc;:n~ . : . a . r a -  mo- ... a ..o a-c no r e a l  a n—
n:aataon o: aasorct.co . ...a-t.n oo.oa- a-.c t . .O t  ; t m C t ’ C s- 5 e  too
ar a a a - a .’y cxcre ; :on o: 

~~~~~~~~~~ ~ l-~s - . .C. .n-0 00:.  nyo a- a c -e i aonos gave
pr oaaale results m z .amco  nay ~a-a-;.n,-’ - u: toa-r me cca-ron,

:.:oven-ant  of :n.1 ..ad-::n.n. n ’ c t n . o  n.m--a-c T i s su c

n -ova- I n-a t .. 2c m ’ io- .- - : - st a g a . i : a - ’ An m-osn .n . -.a ca.o—
ma - ian t a l  ::o-a- o na-nt  cml t e a - i n  a . i s n~ mba - -a-c t :e:~- :.. 
by Prof . ~1. P aI r l i nl ‘- : n . h m , 0-.’~ a - - a .  -~~~~ ‘~‘a .J a-t; and k’. ~~.. i .
.:organ Of Guy~ a boa - al -mn. :.:e :II:a-: gab -a n. ban to
stu~~ iag the m-ath~n-a oesis o~’ t - ;ca :n.-~ To ;nv-a.a -t  any
poa siale anae:’nra-no.. a an-c ac.aco a: t.;e ’mo. -:n. ma’ ,’ toe
, — ‘ ~~~~~

, a j o s e - i ce : .omeca .e  C.. _ c - J  cc o V at ~~ -.-:aa usea rancor
nan , a - C s e l a : o a , ca-a tcaa :t  i an... • .na-. ant ::;: -a. tn-sIn a-a..
racan.odia a ccc. ca~ b it an. a-n no:oio a-a -me -A s-mac . ar... inea --.A.sn.ed
Into the scietic ri .a n~rc of : A A c l-m o , .a-. v-sIan-a of C ,Cm -~- -ac-a a--a -cd .  The voluna cm’ tb -.a :c : a;i :  nar y- : an. c a - a d  
co-n. .. . .e’ea to ~~~~~ 

- — 
- - 

- 
-~ ¼ —

t i s su e  r a t i o  -c-as a - a - c a .  1: ~~~~~~ a. d a . . . .. a:’ a. n.-.n.. ‘

i nco n.a-n was no t  sc-a .ann  0- .. -a- 0 -d y2 In  -mba 2 - a - r i m - b a n a l  tra-n:--:a

t

~~ ~~~~~~~~~~~~~~~~~~~~~~



is ;hcn.ct t o  b -c  - . a - e  t o  ::a - ::-.m _ :m c : n t m n m t : t :-. c- a - ; a.  
-~~~. a . :  - - - .- ,. ‘ ,_ ~..... - ..-, - . - —5 , . . .~~ -~~ . - a . - - .’ j  a . .  I C .- .... . ,. -. ~~~~~~~~~~~~~~~~~ . ..... . - - -.

- 

_ 
-

sc-n;; c th a- i n ca -u _ u : --. .0 coo cs:-sa~ .Ot  ann  a -m c:ac- a - m
be cm-:c -:n ,ha. ~~~~~ f I ~~a - . :  ., ~~~~~ .-....,.... .am::~ a.- .~. - ~ -. --~~~~- -~C - -. ,: a . ..~~ ... . La . Ca.a. I a:- a .a~~~a. a . -  a.¼-  . a . 9 - .  , a . .~- - ,... a . 9 a .a~~~

C. m n a - - : c Y b c o z Y b : m : a t a l a r  e f f a - o t s  d.:v-n. a-c-:d in hi—b C :. aaa ’c0
:~ c o n t r o l s  a-.’i mlm the cor d t r a n s e c t - a c. no g e o a r a i i z e a  t e ;—
anus developed  a l t h o u gh  th a -r e  a-nm - sc. :c hc- oan. zea ;ctanu s~

~ — -5 _ _ _5 _ _S 5 \ f~~~ -: • . .V~~~~~•~~~ S S

- ma - - LL _. 

: :a .  i~iscn.ca-g an al Yb Aa.  P - : a - l t a  of -m h. .-
.-.aiamal  C:cc.e ;ics, 0- a - i -.~s a - m  i -

~~~ 
a-f _ni nsn 1 n ,. have -na-;~~l —

a - t e d  a n o t h - o d  f o r  -mb -a - ::mca-.~. a a . . . a- :-. cm..’ .:c1;/::_~’ic.y in n ice
Sla m oaf;; :nat t r e a t n a -~~c cm tn-a-

•. a c c  ta--c a m a - a  :.a-. t:-.o t a n. a: toe oxa -oc - mod
seco nd pon.a - a - a - f y  fo r :.::. m a - o n -ca - ; S O ..a-~ ,.,aa. - i s o d 0
s na i l  i a - o i s l o a - . s  in tn .  ban.-:, t b -a can r . a - s  -mb -a - f n . Io a ia a
m u b es , an -i the a -a -o cr  ca d of a m- anu s a ra -  ‘.:hm - .: c -a - . . .c n t o
a m - :: ma l c .cc t :c  wa -ta r  can:  .:. . i-c.: a s  :a t ;a . -: t a -  -... -a- a:;a n a_ ,
0-h ose a~r gan s a r e Soon e s- ma - os -a -c t o c a r c u n t a n g  a a n a o c  at a
a.-.. - ar a tu r c  of a-.5~ C fo-’ 

~~~~~~~~~~~ 

- a.~- ..-’ ..c m
a - . C a .u .  .•C c. ~...O a~~9 .. a..a_ y  C a . a .  - - a , -a. - - ; s . .C ~_ C L~~. ._ -a.a: Oaaa-i S

a - sa t e : ’  coo no segnootonc oVa - ‘-::.s occ -sat cm macs a a a - a - e m - a a n
t a-b a - s .

2 y t hi s n-cth cd p on .n . . c ic ’;  is g-a. ai -a -c n. L; 20 pe r —
cent of the O f f s , a fe ;-’ of m tL n . ;  ar c t C t a - e p i C i~~ø The
chr onosone s a :o  coun ted  in  ‘~~c-a -ash  ~.‘L. m - a : a a .  ons m- whore they
ca - a -  c a - e a r . . y  ‘-a - as a s- nm , ac- cm a- ;-:cc: -a n -: p.:o:c: ::c r og:’mo os can s-c
t a -h a-tm , T e a r o m a m o a a  ca-arm -cs ace c : o i i d o m c a m a-y baa - acm t han
non .-:a ..o a . m . a - a _ a r  cor onos on-o n a -n a -cc 0 .oc a-a- ;my c-s acc oam
to be v i a b l e , and i t  is  p ianne c to a h i c w  s o:.m m to beccn.e
o l d e r .

This  s t u d y  i s  the sec ona to r e co r t the p r o d u ct i o n
0.. O a .  anOi . -n. .S , t a:- ~~~~~‘ S t  5~ ‘cs o”t  0,.. San c . sn
:ovcst i~~at o a-s on ta-c p r o a u c t a - o n  oa. t r a m - l o a d  nas a-ca-is by the

a use oi c h o l c hic i a c ’~
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:~~~a, r L :  a.~~ -~ ~~~~~~~~~~~~~ 
s:- . -. CI. - ‘. . Y b . . C C E .  -:al -.

The g a - : : a - n c  - .a-a-:’:.c t -a : - -:a - : . :--.o:’ . - - a:. n a c a -  is
c a m - r i c a  by a- aAn ~b.a- ga. : :a- m b . c h  e :a : ’oa - . .a .c  i t -a - e l f  i n
f o l . e w i oc ’  c h : . : ’a - c t - o r i m -t i c~- - - !~ c:- _ :.. a y  ha-i :’ . Z~ .. cor k—
sc r-o’~t t a i l , ~~ s:.aa- i a a h i a - am -a- . _ i . . . .u ’ :: ~~~~~~ a-bm --:a. ce of
~n c i b c n . a -n~ g l a n d s , a-~ d ( a )  C a - a - 0 V . : . I  a - m a c n . y  Ia - .  the  a d a - i t s ,

Yb S :~h iccn-: : c-f ta-am U n i v - o a - m - i t v  om’ ci nbua - g~.,
Yb-oar c:.:ent a-f ,:: cala-:a-. l iP -. . a a - t i c _- ,  n am -  s c - ma .-s- .. -h-n chn-;-a i:pn-ac.t
of  She sc c h ar a c t cr i c  t i c S . .  P.c f i nn. -A : - -: i n toe e::.b:yo ta-c
oal;! a~ n or n a 1i c v  v a - i b i a -  -I c. a ah i i si a . . n  an -mba - cava. . I c -a :aa -tmt
of c e r -m a i n  f O i l i C i c s , :n th a -  ;:aa- :.aI . a- t h r ee  tvm - o s  cm’
h a i r  are 2cm -a d at  th ree d i f f a - r a - o m  n - ~ c am - in  al-ova- Ia -  :amoo -m~ -

n.m nec wat t .  t .ce -c:’ a oam _y~ go .ca- ., Co..:; nam a: tom -se n a i c
t;~-;ccs cevn.op s , ;..::c.m. a s  tom. nc. - ..:a S nra : n a - :  a: :.;a- a-ca-se.
Tn ere f  ore ; to: s g a - m a o ca- ev en as m.:-o eec- a. ..~m am. .aot  o: tm-a c -my ac s
01 n e a r  nor ::alay p r e . . a-n t ,  ..~a s  a s ca -n s :cc .’ -s cm t mca - p r a n a r y
ex p r e s saon  oz toe :c:-.e coo n t a -me c . a r . c t  cau se a: tne
peculiar coat a-amtc:’n,

:mCca-c t a a n  a rm a. ::. :su:anem ca .c o m : -  i O _ . . . i C a- 3 L  on-me s
the nou sc $ t O il  even amo .’a- naa.-am cm a.;:.:; ::crna~.. , s:::oe toe
o-n.y _ . . I~~ a.. o...a.C~~~a . a . . .  * ..a-n.. o tyces a..s-sa..Dt  .fl

~~~~~~~~~~ ..~ a.. a.. .  . .a:~ _
~~~~~ a. a-.. a:, 0.a. ..a. .. .. L a 3 . a a - C . .a-~ . a.O

develop as tncu : a - m; to ca - a - c a -  a r ac .a -ct .  a-st an  -am ma - a..:oa-nt of
t a i l  s i-A n so th at , Yb is  s uf :a - s l c . c~ m . a- c O i l .  va - r am-a b a - a c  are
d e f a m e d , cack le , a-nd aha - r o b y  cause -A n - : i n -g .  ~;.‘a- ba thes
al so  do not for :; cod th ea -c  am’s no asanc hi m ec  :a-a ba-- oamia n
g .ancs .  ammo aasa-:;c e o: moan . a c a a C n m a -  c:cc g a - a - n e c  an  tam e _ a a
a S  a . n o a - g a m t  t o  cease a snor a e n a n g  a-i a .:e n .mcea -~’ai a a s s u re  in
t :—.c sa;:c am a - n ame r as the ien g:h  of the  c s -Y b  n.- :ln ;-.‘as a f f ec t ed .

LOSt iy ;  the O t c .C a I t- ca - a -n a - a, I :  is  s ug g e st e d , ia-c—
sal t s  fr o sm tb-c abse:;c c of :. :c.iboaham ; g cnd sec r e t i o n , which
.~al co ne r  be l i eves  is  necessary  fo r  co coa - s- I  t ransparency.

~c~::~Tic:- : bP :-:Yn.co:-:h-:-b;c ~--cIb i:~ T:-:~ s?al.- -ali:~
a 

- - - 
1: 51011 bO OS/n t :-.a-m t h e a -c  ha an e le c t r I c  a - a—

t e : ;t a a_  cn ..cr a-nc o across  a..c~- _ •Yba-.~ 2. :.mn... ., . d .,b l n.-s I — ..
n a i s t t c ..inc d ma y ~:c t a b  tA lc  .a - a - a - -..5S -a-n. .- a.a- a-. m l . -.., _ n  :...m cane
of f r o g  m - ; - m . n Shi m.  0 _ e c t r i c  ~~~~~ a - I  Ybf. -... a.OC a.. 1.
n a i nt e an c a ~y t am e a c t av e  t tcnn .a -m -  a-a ..‘a . - ..t..a. . .O05 .n - . a..ra -Q

Ii.,.. - - ~
.- 
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s . c  ‘;..~a - 0  co- _ a -  ta -C cha -oc m i a - . c  a-’ Pa--a-lb. bar. -a-
b -a. :- ha-, ~ t. m a - a -  a- -~~’ - a - i a - . e  I - a - I -m a- I. (a-a-. a. -an. n.., C~ a .~.. a m a m c .
ha s boo :: s t - a - d ’ i c m~ t . aa -  -a- I -ac . .a -Ic  poca -~:-~I am ac:- oac.  ml - . ;  g a : c t A c
n :mc caa - a -  o.’ t a - a .  f r o ~~ l’a-a- -a - m - -a - c a - h a n  I -a ; ;  b e- a :. c - c a - a - i c c  oat  by
the a-c -a cf a - S O t n n .  c r m . c a . a - . , .  a t  on. a - c - .. -. _‘ su a s  ..ma m the

- a - a r r a n t  ~. a - 0 a -’a . . o m .  a s  .. - a r : va-a m O a - - a - m ’ 7  nm- c:.;
a cn.vc  tm ’aa - ss :cr  a-. c n . . c a - m .- . . c-a- a- t a -c.. :  t .;a v c . m c a l a r  san e t c
t.:e a c c r e t i o n  a - a d o  a-f t In  :5 - ca c ao  a .h : h a  c lce a -a - a m
an arm act  ave ta-a- .;ca-~om t  o_ : : , : a . .:.~~~J t - : : a L, . -a: . C m  a s s a  a-:
c. a-ec t ac - o~ ..na - a-y...:c-cn _ a a - :C cci:.  o_ .-.~.s sa-n a- -cn , ;.a n- a- a-r e ,
see ms to c r a s e  an a : ’a - sa . .m.  -a : a. _ : .‘ -na. c:- c .:an~ a o.. a - . .c ana —
ante  aga ns t c h . . o a - a d c  :c-nsa~ .0-c o c a - - c l o g  cc- t a l c  c aoce;t ,
t~.-.:a-c -~- .-o a - id be as nn.ci f c c  a. :.m . . s-haai : .:. sf c ;ma -c- :oo ion
s e c r e t i o n  or a r an s p or t cc. cxf i.a. an got . . m a c  : . c : c a a . y 4  

~-..: -a--- m ’.- -. . _. C-cm - ‘._a-’s i c-. ~~~~~~~~~~~

The f o l low i n g  tech as ictA : ‘ : :c : t -c :cc-n. b:.e~ i ssued
by th i s  o f f i ce  d - a - r i n q  t he  cem’i od I .0-a-g a--c c  95 1;o  12
Septenber  1951:

C-hR L— 57—5 i , !Tho liirna.-:a i ca of :n .  ze al  ;.:n.ia ’~ by ~ a. C . Lc’.-.’ell
sand 5, F. S i a n . O r

Chbb”d’l~ 5l , T~ Fl e m- o a r ch  in  :A mn . n . c a -  and Tb-sa .’::c-h;n m-nm . om -  a t  the
.~u :i a en .-~esear c. ; Ga- a -a - a in  S:-::ract :v-a .Ye an. l .aa-gy--  ~ byi- 0 Yb C u l l it y  and A~ S.. b h a h m :’

c::R:— 65—S l , ~
1 Thc Er i t in . t  T h a c a - p i a n a t a r y  Eoc : -a -  mg’ 5 . by S, F .

4 Singer
c~;I~L— 6 g -- 5 i , “Lo w Te a -a -c a - et a -a -c  ?echntAog~i in t ime 2eoar t :n .nt  of

Ch en ac a l  ~n g in a er i o g ,  l n ; c er i a i  C o i I c g c -  Lo:’ido o” 1 ...y P.
-.~~. .carcu s

CbRL—5~)—5 i, t
~Co a -a- ic  Ray Re sea rch  c-c an. il-cole Pc.jtechamiçue,

?as’i s~~, by S .  C.  S i n g e r
0N~ L— 7O — 5 l , u C o i i o C a- i .em  on the Cha - a - o the m ’am -y  of T u b er c u l o s i s ,

Y bb l in , Sire , Ju ly  10—1 3 ) iOd l ,” by C a p t e i r m  J. P. Wood
(..L ) CS~

C-.-~.-L—71—5 m , “Pooa.oelectric a . C n m r 5 . ; i n o t m c a  0l ~rac c Dens iti es
in  :-iuclear m u i s i o n s~~, by 5-. C. Si ng er

• Prepared o;i the S c i e n m i f a - c  S t a f f
5-aba-i tted by Ian. Sa::.a-n.. R ,  ..—. cp i a a i l .
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