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~~E PRC:DUCTION OF MAGNETIC FIELD S_~~ ~ECHAN ICAL ~OTlcN

Pr ofessor  W. Lochte—Holtgreven at the University
of Kie l has c a r r i e d  out a nunber of exper iments concerned
v;~ th simulating astr ophysical phenomena in the lab ora tory
(see ESN 7, 39 (1953)). Two of the most interesting
cxpe’imcnts arc concerned wi th diiferent ways of creating
:~~~ n et i c  fields within a plasma by mechanical forces; the
first deals w i t h  a compressible gas, the second wi th a
“piasma~ of practically zcro compressibility . These
exper imen ts are of part icular interest because stellar
and interstellar magnetic f ields very l ikely have a me-
chanical origin.

Magnetic Fields in Flame Gases

The f l ame  of an oxygen—gas burne r was brought
in to  spinning mot ion  by forcing the gas tangentially into
a cylindrical tube , the gas inlet being interrupted at
frcçucnt intervals in order to pr oduc e separate whirls of
burning gas which move along the inside of the tube. An
induction coil surrounding the tube showed the existence
of toroidal magnetic fields moving along together with
(i.e., inside of) the plasma whirls.

Lochtc—Holtgreven is of the opinion tha t these
naqnct ic fields should be attributed to the veloci ty
difference of ions and electrons within each whirl. The

~1cctrons are retarded relative to the ions bccause of
the h’ inh e r e n t  d i f f u s i o n  i n t o  and bach f rom cooler  por —
t i e n s  of the gas , and as a result a ci:~cuiar clectric
current is pr ocuc.3a ~.n ~nc whir ~ cancen tr~ c t~ tne tube.

~.er O ~ ca~ magnC t~ c l i C i d  s of the order of
~~~~~~

‘- gaus s pr ov~ ecd  tna t tne ccnductiv~ ty of the flame is
.‘~~ised to about 1O~~ elec tros tat.ic cgs unI ts, This con—
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due tivity can be realized by introducin g pot~~sium into
the f l am e .

The I n f lu e n c e  on the cxpcr i : : . ent  of the m a g n e t i c
field of the ear th) of the ~agne t~c :c~r:~eabiiity ol’ the

, and other a~ :~~I cri~ l ma r ne~ ic effects have been
car c~~u i ly  c o ns l c . c rc d .  D e t a ~~~s o~ tne experiments will
appear soon in the Zcktschrift fi~r Physik.

~ ac ne t i c_F i e ld s  in LiquId Merc~~y
• An e x p e r i m e n t  c oncerne d wi th the g e n e r a t i o n  of

magnetic fields in an Inc ompressible mediun was arranged
• as follows : in a cylindrical vessel filled wi th mercury

the u?Pcr half was rotated by means of a stirring wheel
wn~ Ic tne lower nail was prcvcntec from rotating by
moans of diagonally fixed partitions . The angular
ve l oc i ty of the mercury In the upper half was fairly
high (about 20—30 rev/sec.). Lochte—1~ol tgreven believesth a t  a d i f f e r e n t i a l  flow of e l e c t r o n s  and i ons takes
p lace causing a toroidal electric current, in the absence
of any externa l magnetic field. Preliminary measurements
have shown a circular magnet ic field (around the axis of
rotation) of value abou t 10—4 gauss. This  va lue  seems to
fit reasonably well with theoretical expectations .

~~~~~~~~~~~~~~~~~~~~~ Lines by S t a r k  E f f e c t

A spec tr csc op Ic pr oblem impor tan t for as tr o—
physics has been stuc1ied by H. Gr iem who measuree the
broadening of the hydrogen Ealrner—lines by studyIng cx—
porim entally the dependence of the pr ofi le of the I-~lines on the electron dens i ty of the emitting layer. He
has explained these observation s by a refinement of the
theory in whicn tao quneratic stark effect and the change
of transition pr obab ilities , as w e l l  as the p e r t ur b a t i o n
duo to elec tr on collisions , are taken into account. A l l
t~ eso e:Iects contribute ~o tne broadening o~ Balm er—
Ii:~.cs in regions of high ionizatior. densities. This re—

~‘inement cf the theory is successfal in exp aining the
con lete intensity distribution of the H~ l i n e , including
the am plitude of the central minimun and the difference
between the two maxima on e i t he r  s i de  of the center .
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Pr ofessor  H .  .i~~~~er :~ t u t e  f o r  Phy sica l
Che;.~is t ry ,  ~.araui ’g~ and b r .  ~~~ . h r ~.uer (Csr ~.aa Rescarch
L ab o r a t o r y ,  csbac :. ) ~ . uti 1 aing luminescent phos—
pho:’s to measure ~.no tem~craturc e~ nylon sheet wnlle
i t  ~s i ci n g  s t r et c au c .  ~aen a riy~ on st r i p ,  which has
aeon ou~ i r o m  an en t r u c e d  snee: c~ the poiyme: , is
st r e t cacc i , it oeve iops two o~ st~nct b oundaries (seef i c u r e )  which d VLdL. the s t r i p  in t o  :h~’.~a sones .
Under a cons t e n t  p u l l i n g  for ce , ;he con ~r a i  sone
grows in l e n g t h , a it h o ug n  m a i n t a i n i n g  ap:;r ox ima tcly
constant cross—se~’tLona l area, accom7ani~ o by av i s e a _  : low o: ma t e r i a l  across the .. cuna~.r l c s .  ~ne
temperature oi the bounoar~ es incr eases ouring the
~r ocess.

The d i r e ct  m e a s u r e men t  cf the tcm : e r at u r e of
the b oundary is a i l f i c u l :  ~y c~ nv on t~~ona l techniques .

Icr  anc Br~~uor arc  us ing tao t e m pe r a t u r e cn a r a c —
~.er~~s~~ic oi Ln~ p.:csph or : to m e a s u r e  t h i s  t c m ? e r at u r e .
EnS shows a different high temperatur e c u t — o f f  of i ts
l u m i ncscenc c c op c n o i n g  on the a c t i v a t o r  i t  c o nt a i n s .
The fl~~ iOfl  s tr i p  is c oat ed  wi th one of the phosphor s ,
a nd tao s t r I p  ~s pnotograpacd during str e tc n~ n~ Wa: IC
i t  is iilumina t~ d by ultrz.v~ o..et l~ g at .  I f  th~; to:.~—pe r a tu r e  of the boun dary  15 above tao Cu t— o : f te ::r~er a—
bu r L of the phospaor , the boun e~ ry  w i l l  sho~.’ up as ad a r k  l ine . A series of photographs made auring the
st r c t c a in g  of var i ous ny~ on s tr i p s , eaca coa ted wi th
a u i f f e r e at  phosphor , al lows a r ou ;h measurement of
tao t em p er a t u r e  of tao b oundary and a l so  gives some
icea of tao t e mp e r a t u r e g r ac i e nt  near the bouncary.

P r e l i m i n a r y  measu remen t s  show the f e a s i b i l i t y
of the me thod and have e s t a b l ish e d  the temperatur e of
the boundary at about 150°C.

F/ow of
~~~~~~~~~~~~~~~~~~ 

4’’~~ .,~~~tCriJi

‘c~ Fovce

,4f.~t / o ,~ O~~

Pr ofile of :;ylon Strip during Pulling
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Pr ofessor a. Sc.Poler and h~ s collabor ator s
have been studying e ice t ron  £ m h a c t  spec truseopy for
the past ton ~~~~~~~~~~~~~ ~t ~~ ~~~ :~iaach I~~s t i  tale for
S - e t r o~;ccpy c c h i a ~ oa , dc r ~a..ny ) . I t  shoui~ be
rc ; . ,cmb ercd tha t those are e : . : i s s  i o n  sp e c t r a  cxci ted
i n a glow d i s ch a r g e  tube .  The c i a c h a r  go Is es t a b —
l i s h e d  thr ough an i n er t  0as , and the substan ce  under
~nvest~~g at I o n  i low s tar cuga par~ o: ~hc o i scn arg c ,
wi thout  ever c om i n g  i n t o  c o n t a c t  Wi th  the e l e c t r odes.
The c x p cr : m e nt a l  tecbn~ qucs have r e c e n t l y  ~ cen re-
f i n e d  in var i ous ways ; the method dev ised  fo r  the
sepa r a t ion of p o s s i b l e 9 pr i mary~’ and ~ secondary U
steps in the ch e m i c a l  processes occur r ing  in suc h
d i scha rge  phe n omena should yield particularly inter-
e s t i n g  r e s u l t s .

Em i s s i o n  sp ect ra  have been observed in a wi de
variety of organic substances. The complex Ity of the
phenomena excludes the p o s sIb i l i t y  of a c omplete

• analysis of sin g l e  observat ions  a t  the p resen t  t ime ,
and consequently a deductive appr oach is being follow-
ed. An attemp t is made to obtain the same elec tr on
impac t spectr um :rom the lar ges t  possi .ale  number of
molecules  and then to  deduc e the most probable  species
responsible for it. This appr oach has led to the
identification of a spectrum due to the benzyl radical.

The Spectrum of Diacetylene

The electron impact spectra which led
Pr ofessor Schüier to postulate the occurrence of an
inter est ing new spec ies of formu la CzHx Cx = 1, 2, or
3) were c es c r ib ed  l as t  year (Z. i. ~ a t u r L .  7a , 285
~~~~~~~~ m i s  spec t ru m was ob se rvo c  U S i h f  a w ice
v a r i e ty  of cr f a r . i c  m o l e c u l e s  c o a t a i n i n .~ d cu b l e  bo ncs ,
sad ~oaulcr lavo:’eQ the spcc~ cs C-~.. ~u: as a r esu l t
ci’ us ing  deuter ium it was f ound tha t t’.;c new bands
occur, and thus the species mus t contain two hydrogen
atoms . The simplest molecule which would satisfy this
requ iremen~, ace tylene , is e1~ m :aated as i t s  spec tr a
arc ~:ell hno~~ and different f r o m  those under  i n v e s t i —
gaticn . It was assumed that oiacetylcnc (HC~C~~~CH)
ms , in lac t , tao source ci tale spectrum , and ~t was
subsequent~ y shown that the ~r . t cns~~ty ol this e m is si on
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~~~~ ca n be very g:’a~.tiy :acre ;~~. ~~~~ tyi ;n . . I t s el f
is t a t roduc ed  m:o tao d i .~cHar e. I is i .~~~~cr~~~s h a , to
note t a t ~ a m cc~ y~ ene e s ~~~a ~~~~ ~e s ~ ro a~ ~~
tao o~ cctron ~mpao t s ~c:r~ca o~ r .aph~~~.~ en .  b u t  very
weak in tha t of anthracene.

The ~‘ese arch  act IVI t i es  ci’ th I s  in s  t i t  a te  are
.aore tuily aosci’~~ ed in ioccmnloa~ f~opor t OA’oL—~2—53,
waich is ava i lable from th~ Technical  P u b l i c a t i o n s
d f f i c o , 011 cc of .‘~avai ~ o searca , C ode 740 , ‘~.asn in~~ton
25 , B . C.

;~UoBlC OXIDATION 0’~ Zi~ C0NtU~

J. .1. P o l l i n g  and A. C har lesby  (AERE, ~-iarwel1)
have tnvc s~~:gated tao nature of tao t o r isation cur ren t  in
the e l e c t r o l y t i c  o x i d a t i o n  of z ir c o n i u m . The c ombina t ion
of p o s i t i v e  m et a l l i c  I ons of the ano de and ne :at ive iy
c h a rg e d  hydroxyl  i ons of the electrolyte at the cx ido
su r f a c e  produces  m e t a l l i c  ox~ oc and causes f i l m  growth.
An electron current tn the f i l m  IS assoc ate.. w: tn the
~:beratIon 01 gaseous oxygen a t  tac oxtoc s ar m a c a .  Thus ,
film g: owtn is a measur e of t on c u rr en t  wai _e oxygen
l i h c r a t ~ on nas a s i m l t a r  mean in g  ~ or e~ ect:on cur ren t .
Each ci’ tnese currents was de termined scparately to
provide a check on the results.

E l e c t r on_Cur ren t

In  the exper i ments  t:~~ f o r m a t i o n  c u r ren t  was
maintained cons tant so that the t o ta l  charge passed was
a ways kn own . ma o aaioui-i~ oi oxygen i~ b cra ;ed  was a e t e r —
m t n e e  ay Jtnklcr t s chemica l  math o~ and . r o m  ta:s rcsu~ tthe electron current was calculated. the dis’:er or~oo be-tween the t o t a l  cu rren t and the e l e c t r o n  c u r r e n t  via s
a s c r i b e d  to the ion c u r r e n t , and the l a t t e r  by P’araday ’s
law y i e l d e d  the w e i g h t  g a in  ~oxido ) of tao specimen .  A
r e s u l t  of 0~~~3 ~gra per cm~ per volt was ob ta ined .

Ion Curr ant

Gravimetric measurements were made on zirconium
spec imen s  a f t e r  being ar~ool:cd at  cons tant current in a
nor~~~ solutIon of artaoaium b o r a t e . .—.pproprla:a ocr—
r e c t i o ’~~r~ made for  ~-~o i g h t los s due t o  o t e s o l u s i c a  of
;..~ a r coa~ um (or  the o x t a c )  in ta~ o~ eo~ roiyte , ane
we~~ga t  g a i n  cue to  er .trap ::.ent 01 wa~ cz’ ~n tac t i l m  dur i ng

I ô7



C . ’ . . . ~.. en the  •;e 
- 
t 5.O t t u r a e d  c n t  to ~ a very  sma l l

¼ S S .. i.S~ A ¼ _ k .  5.5 55 . .. ~ ,,5 55 .. ‘.. \ S .....5_.S& ~~5

S c  c.~~oe .‘ 5 : m.. L e;. ~~~~ f ou n d  to  be
or ci.:- ~or VO.A. ~~. ..ms -. .~ ..n  5.a-m -;~ ~~;n~ agr e e —

m e at  a m t .  the ~ hov ... ;‘e e u i t  5..nd ve~’l :’io s the b a s i c  asstsnp—
th rog5..r d to  the e l e c t r on  and ion c u r r e n t s  and

thc~~r r o l e  in  t~.e pr ocess.

c u r r e n ~ et1~~C o n cy, ‘.;a~~ca iS g ive n ay the
r~~ t t a  o.’ 5 C h  eu.’reat  t o  t o t u  f c r m a t i o n  c u rr e n t , in —
c:’~~.... 3 e e . i m  in a r e a s i a g  t o ta l  cu:.’ent  dens i ty and tends

.a.~x :.aum e :  ~c :cncy of ant  ty r a tn e r  ‘man the
l e - .ie: v..~lue ao..~ueea ~y otners. In c on: t i ’m at i on  of a
t . m a r e t i e~~1 5 . r o a t m c n t  by Char lesby fo r  the ionic  and
e~~~e :r~~al e  c u r r e n t s  as a funct~~c~ o the f i e l d , I t  has
h e c h  fc a ~ d tha t a plot of log ionic current agains t log
e l e c t r on i c  c u r r e n t  is a s t r a igh t  i i f lC .

c g:- ’i~,T::~
-.

~ C-P Thd FATI3U E PR O ESS

?.i’. . For syth  of the R oya .~.I r cr a ft  E~ t ab1 i sh ~
meat, Farab orcagh , has extena5. .c p r e vio u s  m c t a~~~o—
g r a p a _ C  c es e rv at t on s  on tao lattgue ot :aata~ s (.i . Inst.
~ e :a l s , Cd , I0 ( i ~~5 l ) .  by oxamir . ing  mor e f u l ly  the
me c h a n i sm  of slip under c y c l i c  s tr e s s e s .  ~y metallo—graph:;, electron m c r oscopy, and the mu tiple beam
Ia t er ~ e rer.cc tcc. . n tq uc , he hOs t n vo s t~~g a L e d  the simi lari-
t t e s  and a m i i e r e n c c s  of cetorma tmo n pr oducea by cyc~ :cand stat ic stresses. ..:ost investigator s hCVC considered
the deformation pr oduced by the l a t ter  type ci’ s t r ess .
The exp e r i m e n t s  wore conducted on mon o— and polycrys tals
of pur e a~~um in um ana , In aad~ t~ on, some work was done
wi tn s i lver  ca lo ride .

~ li~ ~ an ds and S t r :a t t on s

Interforometric observations have shown tha t
cycl ic  s t r e s s e s  pr oduce slip on many closely spaced bands
w h i c h  have a groove d con t our r a t h e r  than the s tep form
watch is ob~ a~ ned sy static s~ rcssing . mc reason for
this behavmor Is that tae or i g in a ~ s tep become s a groove
under  a cycl tc  s t ress  as the s t r ess  reversa l  causes s l i p
to occur on a new parallel plane . Fatigue stressing
pr odu ces  $ l~ p 1j5hC~~ ~~~~~~ t acmse  ves are  p a e m t s  of sl i p
l ane I moo ) c o a g r o g a t ea  An  5.r t e s i  ens • mesa s t r  t at :  one
(S1 i~ ba nd c lus t e r s 1  inc r ease  in : l d l h  vI ta c o n tin u o u s
cy c l i ng  by the formation ot’ addItiona l slip bands; ev ontu—
~ liy the wad e grain sariace may ~e covered witn bands.

188
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The a ..e i n~ of ~hc s t r i a t~~a;.s i s  thu s  t h t  .-i .hc~ is
cetah i l ~~~~ by the f I r s t  t r o t :;  cyc le , ~~~~~~~~ th~..

i s  r o - o r c m e a a l  to t. .e s t r e s s  ~eVC l In
any par t touler r e -g i en in t a t  spec I n c a .  S~ ace C l i
s ~r l et  I ons w i a c a  at  appi-’ oxi . .m s-~ iy the sa;,.e rn -to, the
ac re h e av i l y  s t r e s s e d  -gr a ins  are  c om p l et e ly  c overe d
~~~ \ f  

~~~~ canes in a shor ter ti...e taan ~ao
s t r e s sed  g r a tn a .

hue no e v i d e n c e  tha t sach s t re s s  cycle
~r cdu cos  a e d i t i o n a l  bands . i’he nun~ao r of v i s i b l e  s l i p

Is mat  a : r ec t l y  pro p or t :ona _ so tao m arasor of
s t r e s s  r e v er s a~ s. ~cio f ir s t  few :a~~igue  CyCi .35 may
pr oduce a r e l a t i v e l y  l a r g e  number of ban ds , and i t
appear s tha t  LhC ormat :on  of a s l ip  cand or even a
511? t ane i s a  may be eimscr  an avalanche pr ocess or ,
mor e c o:naonly, tao t a t e g r a t i o n  of a number of smal l
moveme n ts .

~n the r o c to n s  between -a c  ~n d :v t d u a i si :~
banca ama tao s t ri a ~~i oas , tae sur x ace Ot tao c r y s t a l  is
o: tea ‘ m.au la ted , tne c or r u g a t i on s  r u n n i n g  :n sac a : —
r a e  of the s l i p  bands . These c o rr u g a t I o n s , which
c ~b serve d by in t e r f e r om et r y  a f t e r  cyc l ic  or

t r e s s in g ,  may cc da~ to  a more n om ogen eou s  :orm
- at to i n te rn a l s t resses  pr o d u c i n g  sm a l l  amounts

.. . : ain .  Very f i n e  s l i p  bands observed in tho ac  so
C~~~i C C  ~s I L plCSS ~ reg:oas , as seen cy the emectr on
m :croscope , snow a spactag of the oroor of 1000 A ana
may explain the observed fringe pattern.

E f f e c t  of H i g h e r Frequency

F a t i gu e  t e s t s  at h igh er  f r e q u en c i e s  (20 ,000 —

30 ,000 cpa as c ompared w i t h  6,000 cpra used f o r  sac
o ther e x p e r i m e n t s)  pr oduced s i i 7  bands mar ked ly  formed

s tr i a t i o n s wh i c h  were r e s o l v a b l e  Ofli~ w it h  the
electron micr oscope . These striatious r-roduceC at high
f r equency  o ft en  showe d a g r a n u l a r  sur i’acc f i l m  g:v mg a
st:;atly sta:ned appearance to tao sur :ace , su g g c s t : n g
snot  an ~acrease  in ~emp er a t u r e  and occurred.  bu ca  a
seapcr ’ature r i s e  would accoun t fo r  the con f imeaem- :  of
s113 t at o  the st r i a tt o n s  and wou~ d a l s o  :nc5’ease tao
~ro sa s :~a t y  of polyg on iz a t : o n , an e f l ec t  vthtch was a~ so
ossorves .  ~ uaer cus Very snot S l : p  SZatcs ’.;ere a~~so
f o u n d  in these tests , ama ot ten comgu ~ ate Sl~~ WOS ...V 1
dent  In the f o r m  01 “ f e as n e r 00g05 t so tao an~~n a )
sands.  Gra in  boundary movement occuri’ea , usua t~ y a~
tao ends of st r i a ~~~ons , C i t h C t tri~o sac striatcu g r a A n
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or i t:; :~~i ;h ~.o: le.~v a g  .-. d i s t u r b e d  ~‘o~~le r. ~~~~~~~
15 u.cuda5. LC C. a .~~ ~~~~ ~~- - ~~~

O e a 5 . A a a C l :tovo ...eat o: a : s l oc~~t i om s  tO ,as~. ...‘ s.~..-. ..~~

senacary t’egten .

as i~u~~ of ~ l ye- :  ehl~ t ~a- e

5 itt O 1 ea.eata.’y A C t  ta Cs. o:~ : i
oh.o:’ ide Clear ly acme .s5.i’5.t c tha t c~ n s. a e r , h I t  : 0 . y g o —
a i scsi ~n occurs. nac tha t fa us... s-n’s~C...- .Lm t.. .t
sac new c rys t e : t ht e  b c u :s e n r . - ..s , tans a a .~~s t S ~~~~~s A s t A . . g

:~a:s.~’sh’ s p r e v i o u sly  pub shea work cm sh~ ~n:ac P.0—or pure  slust:mum.

~.:~os-:u: .: c:: :~~ :~:; ~~~ c-~:y . o~
T:—.c ~rg e- . tics ~~~~~~~~ Sc- :ict.~ recently h~ id

a “ a mpos:un  on .:uaaa .~Ci ’ i  cc’aanco, ~ts .. .easure;aent and
Limitaticas at Oxfor d Un i versi t~~~~~. This Symuts Ian was
w dc ll~ at t oaced  by p s y c h o l og I s t s , phys i o l o g i st s , and
indust~’ i~~l research wor kers  f r o m  Orca;  i C r i  t a m  one
..oe earn .-inrouc, ems ace a few par 5 . 0  ~7am ~~~ i’om ~ae
Um::ed States. i\:a of the ntoresting repor ts are
suama r~ sce t he :o~. i e w i m g..

~s ; m r t i o m  a T  hi 12:.r Tc ’.s r a b l e  h’ork h’j th-- p:-~. e t e —
d l oc t r i e  Pul~ c do::n tet

.lr . 2. A. ~.u l l c r  of the .h.x—Pia2sck institu t
f b r A r b c l t sp h ,r a l o i o g i o , D or t aunc~ r e so rt e d  o b ser v a t i o n s
c~ 

t 2 ... ..~~r t  r~~.o cur~~’o ~~vy ía ~. on~~.. b1cyc~~.. s.. ”~, o—
• ~...u ~~..i. ~~~~~~ ~~~~O\T~~~ ~~~~

. ~~ A Os.-..L 5.5.5~t 1 ~~
I n d i v i d u a l under each :a t tcr n  of work ing  there  was a

1 of wor~ per mour (endurance _ Ini t) w.t:ch
souls S c  ...us~ CAaCC tar moats at a steacy rate , wi th a
s h e a c y  p- ..se r a t e , ama w :th  a t o t a l  recovery pulse sum
Itt ’ S exceedIng 100 beats , the recovery pulse sum be in g
the t o t a l  :aa. ;ber at’ ;seart bea t s  acovo the r c s t t n g  leve l
aecarr :ag curing the recovery period . A work level
e x c c e d . -n g  sac cacuran ce  l t a tt  is e~~t oc :OtCc  w i th  an
::.c rL .~~ ag pa se r a t e  au r t a g  tao wor ming  per ~os ( _ 5 ~t :guc
:lse ...md en tncr~ asca recovery ~uiSo sum. •n5let
there er c :;reac:.tee t.n. tdca a. a pulse  ~s tee~ y—s~ atc~
as .  a trac t ACOl A.t~ , . ca to t  is. cc t~ s a t ~~ag tao t o l er a c l e
wor~/nour in any s. ~u e s toa .
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c o - t i e u~ ~.Ts ’es~:ro: a V.. . :  ~e. 5. .~~ s is. c’h
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C. L.c’ . ._ :.n of thc: s O r t S  imasI
:~~s . n i e a  s. ;  s t u~..1es.  Ca 5...~. ‘.:e:.:i . iC ’J~~L G  :

.i:, , : ; a t u :  c.-_ :’ a s a n ~~. ~, . i  e l - ..ct : I c a i
t’e:.nd 5t.~t -e .~GC’ ::c ...i act 5 . 1 .n...~ sh5..

t o l c s . .bic .......~ u: , C A 5 .~. LO 1 .. ,I s’ s7e~.ta~. ‘.a~r
t - ~~:’ , t ..c nests. .I ~~~~~~ ~~~~~~~~~~~ ~~~~~ u u t , a s c.~ ~ . w;: ~:.

.-..‘eu t ~10dC :-:c aL  n2 ’ t :- .j , I.e., O :j O U C

-
- ..::1/ ial.~ au. .  ... a ee .~~. eune S~ .5. -: s. .i.. _ e V e  - can

:: 
:° :~:c~ ::~~~~ ~~~~

c:
:i7:~~~ 

: ~:~:~~: ~~
rat-s . .f . c,vv:.’~ undo:’ this

of u-a r ~-:img cm in c r e n a  . -mg 7 e  i’ O t- .. observed ,
starch f o r  o t h~.e a ans’Cas 3 s e : ’ c s c s.u~~s be

~~~~~~~ ..  Suc h a tresses ar is . - . . u ha:. ;hs .:c:’he: bo~~cs..e~ cc—
‘- u n ’s tca , ‘.-. thn tao omv :ro aae . ta l  t cmporas . . . . : o  15 t o o  ~ :gh ,

.-:n~m ~aorc2cr ‘.;er.s:mg pastu re :s •talmtalm ~.s.

wo r m e r  cue  t enor : l1r ac:gns a~ s w o r m i n g  r a t e  to
CLOI ’tr sable cve l by s~ :Lo~.a ~ac tIcs u-~ ich aravice

.h’sua~ rest pc r_ c~ s. ...uc.. a: sn~ s r e s t in g  15 ocean—
- — 

— - - - — ‘ 
- — . — —

. —~~~~~~~‘~~~~~~ — - — ,Th ., ‘ — - 
- - — - — —~- 

- - .~~ a • .~~~ ~~~- 
-
~ • .-— - , 5... .~ ‘.. — — .. ‘... C ~.. ... ~.. ~ . a. . -- .  ~~ ~ . .. •...

:.::cduces -definIte r a s t i ab  ::-.t~ rva~~ c ur i n g  OOCb. ‘.•.‘a : kimg
i n a d ep a r tm e n t  of an s~ ec -:r:cat parts fac tory. The

‘nl . lss I A . -5 . 5  s:’at~~a ~:‘ tao : o1~~ct-zimg t a st e  snow a aecrease
.t tac accessory  worm:ng  time ana an increase irs aa:ly

- 4

2 f f o c s i v o  Accessory  R e s t i n g  Time Wor k
Jor~~:ng ~‘Iorx :ng  Loa: ing Ass i~ nea Rest  Ou tpu t

Time i ime (par ts )

- :.s;’ -a i  8l.7 °/o 7.6°/o 10.7 °/o O°/o 3008

a
• - a .‘1 5~~~.

35.~r 0/O 2 .7 0/o 3.6°/o 8.3°/o 3115
cu r in g

so hour

:~~:thcr informat ion on this Svapcs i -5sm is  to  so
•.ca.e cn_ ~~ pc:t e...-~~—~ ’.—se, eve; as a  crc::. sac 
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