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HARWELL STUDIES OF MAGNET TOLERANCES FOR ThE NEW STYLE
SYNCHROTRON

Preliminary results from the orbit—tracing
calculations at Harwell , ment i oned In ESN L 67 (1953),
are now available. The work has been done by Drs. J .3.
Adams, ~.G.N. Hine, and J.D. Lawson, using the automatic
comput i ng engine (AC E digita l computer) at the Nationa l
Physical Laboratory, Teddington . Their results ind I-
cate that Lawson’s rough statistical calculation for the
build—up of oscillation during a single revolut ion in the
new type synchr o tr on, is reasonably accurate . Lawson ’s
result , described earlier in ESN, suggested that small
rand on~ raa ial (or vertical) error s in the positioning of

~nagne t sectors could cause very serious oscillations to
develop even in a single revolut i on. This make s It ap—
pear that in a machine such as tha t envisaged by Courant ,
Livingston , and Snyder (Phys. Rev. 88, 1190 (1952)) the
rms m isalignment of the 240 sector s mus t be kept less than
abou t 0.013”, or some other method of compensation emp loyed,
in order to keep the particles from hitting the walls
during the first revolut ion.

Deve 1~ prne r~t of Qscillation DurinQ Severaj R e v o l u t i o n s

Adams, ~-iine , and Lawson have also considered
th~ question of the build—up of oscillations upon subse-
quent revolutions . The subsequent deve l opment of oscilla-
tion depends critically on the change of phase of the
osc illation after one revolution. If this is called 0
wnere -Tr~~ 0 ~~~~~~~ then in a linear sys tem, (i.e. where
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the field index n = is constant), the osc i l-
lat ion amplitude varies sinusoidally with an amplitude of
about 2A/Ø and a per io d of ~~~/Ø• Here A is the amplitude
of oscillation after one revolution . If 0 = 0 the sys tem
resonates and the oscillation grows without limit. It is
therefore essential to operate away from resonance in a
l inear system. If the sys tem is linear but there is a
sl igh t variation in n fr om sector to sector , Adams et al.,
find tha t even for a perfectly aligned machine there will
be a roughly exponential grow th of osc illation if 0 l i es
close to zer o or close to n. In the general case of a
misal ig nment where n depen ds upon di splacement both  l inear
and expon ential resonances will occur. They find that for
the 30 Rev accelerator proposed , a var iation in n of 1.4
per cent changes 0 from zero to ir. Consequent ly, if it is
intended to make the system linear and operate off resonanc e
it will be necessary to control n during the acceleration
to less than this amount.

On the other hand, the deve lopment of resonant
osc illation mi ght be limited by deliberately intr oducing
considerable non—linearity. The behavior of such a system
has been studied with the ACE computer using two differen t
non-l inear equations and intr oducing a cons tant forcing

• impulse once per rqyolution . The equations studied were the
pen dulum equat i on 91+ ~ sinj= 0 and also the more realistic
equation ~~~~± n sin~y 0 where the sign alternates between
focusing and defoc using sec tors. In this work the ends of
the sec tors were assum ed to be ran domly dis tr ib u ted at  a
given distance fr om a circle. The trajectory was computed
for one revolu tion using 25 randomly chosen sector arrange-
men ts, and for one typical sector-distribution the calcu-
lation was extended to 60 revolutions for var ious values of
alignment accuracy.

For both equations it was found that A’ where
= it + 0 (0) was an impor tant parame ter. For the

pendulum equation and sufficiently small impulses , the be-
hav ior was l ike that of a l inear sys tem when 0 was no t near
zero. When 0 was close to zero the amplitude was found to
vary per lodical .~y and was limite d to abou t A’ • For impulses
lar ge enough to make A greater than A’/5 the amplitude built
up indefinitely.

The results with the second equation were similar
except that for the bounded solutions the amplitude did not
show such a systematic behavior, and it was not certain
that some of .the solutions would not have diverged if the
calculation had been extended to a larger number of revo-
lutions. It seemed to be possible , however, to set a limit 
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of s tabi l i t y  corres pondi ng to  hol di ng the sector  to le rances
to about ± 0.007” whe n the amount of nan—linearity was ad—
justed so that A’ was equa l to the 1” half—width of the
chamber.

Adams , Hine , and Lawson conclude fr om their re—
suits that great care must be used in the magne t design of
strong focusing synchrotrons. Their calculations suggest
that if the tolerances can be held well enough to get the
beam ar ound once, either a linear or a non—linear system
n i gh t  be used provided that the field can be precisely
con trolled during acce leration. Adams , H ine, and Lawson
point out that they do not consider these calculations
definitive , but only indicative of the care which mus t be
used in ma gne t design and construction , it will be neces—
sary to cons ider also the effect of inhomogeneities caused
by inaccurac ies in ma gne t shape, the effect of fringing
fields , and to study the influenc e of the coupling between
ver tical and horizontal oscillations .

The synchrotron studies at Harwell are being made
in cooperation with the proton synchrotron gr oup of the
European Counc i l for  Nuclear  Research , I t appear s pro bab le
tha t Hine and Adams will join this group to assist in the
design and construction of a Eur opean machine at Geneva if
one is built.

PROPOSED COULO!~~ EXCITATION OF N~~ LEI

At a recent  c o l l o q u i u m  in the I n s t i t u t e  for
Theoretical Physics, C openha gen, Dr. B.R. Mottelson dis—
cussed a nove l pr oposal for pr oducing excitation of nuclear
states. ~ ottelson ’s proposal was to bombard atomic nuclei
w i t h  charged particles whose energy is well be low the bar-
rier. The probability of penetrating the barrier would
consequently not be appreciable , and the nucleus would ex—
pcrience only the Cou lomb field. Thus the excitation re—
s~ l ting fr om the pulse of electromagnetic energy would re-
flect the pr operties of the targe t nucleus free fr om c ompli-
cation by the nuclear force be tween target and pr ojectile.

Principle of the Method .4

i~ottelson outlined a classica l treatment of the
•)rOblern. A criterion for ~~ie7va~ idi ty of such an ap pr oach
Is that the parameter K = 1...2e 

>~ 
1, a cond ition which

is e a s i l y  r e a l i z e d , p a r t i c u l a r ly for heavy i ons b ombard ing
all but the lightest nuclei. The Coulomb field at the
nucleus is then treated as a time—dependent perturbatio n
with Its va lue as a function of time and position determined
from the known Kepler orbit of the b ombar ding  p a r t i c l e .  The
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Cou l omb p o t e n t i a l  may be decomposed into electric multipole s ,
and a treatment much like that of Fermi for the similar pr ob-
lem in atomic excitation may be carried out.

The Coulomb field will contain a very large number
of electric multipoles of comparable intens i ty; however , be-
cause the spee d of the b ombar di ng par ti cle is smal l  c ompare d
to that of light , magnetic effects may be completely neglected .
In this respect the method of excitation Is analogous to a
nuc lear photo—effect pr oduced by a hypothetical photon which
had an electric vector but no magnetic vector , This  treat-
ment yields a differential cross s e c t i o n  for each electric
mu l t ip ole or der wh ich con ta ins the nuclear ma tr ix element
for the isomeric transition be tween the exc i ted nuclear state
and the gr ound state. The virtue of the type of excitation
sugges ted  is that the other factor s which appear are completely
suscep t ib l e  to c a l c u l a t i o n .  Consequent ly,  in pr i nc ip le , the
matrix element may be determine d from a measurement of the
differential cross section .

P o s s i b l e  A p p l i c a t i o n s

The method sugges ted  may prov id e an al terna ti ve
techn ique for measuring transition pr obabilities of gamma
ray transitions which are too short—live d for  s tudy by
direct t ime measurement. In pr inciple , the differential
cross section for the pr ocess may be determine d by counting
the inelastically scattered particles. Measurement of the
angu lar distribut ion of the gamma rays could give Informa-
t i on  on spins, and an absolute measurement of the number of
gamma rays emitted in a specified direction would also give
the nuclear matrix element,

The size of the effect predicted and some of the
experimental difficulties can be seen by considering a speci-
fic possible exper iment, name ly the b ombardment of Er 166 with
a—particles. An a—energy of 12 Mev, half the barrier he i ght,
is chosen to prevent barrier penetration . Mottelson finds ,

• in this case, tha t the 80 key state of erbium will be excited
by the E2 mul t ipole , the differential cross section at 180°
for the pr ocess being abou t one fortieth of the Rutherford
cross section . in this case the~ cperimenta list is required
to separa te the inelastically scattered a particle s which
have los t 80 key from the e l a s t i c a l l y  scat tered a pa r t i c l e s
and/or to distinguish 80 key gamma rays fr om X rays.
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Othcr  Simi lar Theoretical Work

The poss ibility of using this general method
of excitation had been considered earlier by Landau, and
an estimate of the cros s section was also made by another
author . It appears , however , tha t prev io usly the c ro ss
scctiofl has been radically underestimated and the method
d i scoun ted .  More r ecen t ly  B r e i t , H u l l , and Glucks te rn
(Phys .  Rev. 87 , 74 ( 1952)) have c o n s i d e r e d  bombardment
by heavy i ons In a different connection. Independently
of ~ottelson ’s work a de ta i led paper giving a full quantum
mechan ical trea tmen t of the prob lem ha s recent ly appeared
in Russian (Zh. Eksper. Teor. Fiz. ~~~~, 284 (1952)).

MODEL OF N 1.LLEAR S TRUC TURE

A. Bohr and B. Mottelson of the institute for
Theoretical Physics In Copenhagen have completed an ex-
tensive investigation of the pr operties of their mode l
of nuclear structure (cf. ESN 6, 195 (1952)). The pur-
pose of the present  note is to descr ib e fur ther s ome of
the qualitative features of the mode l and its success in
explaini ng certain nuclear pr operties. Bohr and Mottelson
plan to publish a full account of their work in English
in Kgl. Danske Videnskab. Seiskab, Mat.—fys. Medd. within
the next few months.

Description of the Mode l

Bohr an d Mot telson have been mo ti va ted to study
a model embody i ng fea tures of both shel l  s t r u c ture and
co l l ec ti ve nuclear mo ti ons by the succe ss of the she l l  an d
l iqu i d dr op models  in separa tel y describing different as—
pects of nuclear phenomena. At relative ly low energies
only a few nucleon s can be exc it ed an d the behav ior of these
easily exc i ted particles gives nuclear structure its character—
:~~ ic independent particle features. However , the remain—
in ~ nucleons which cannot be individua l ly excited for small
~ -~ r g i e s  generall y share s ome exc it a ti on energy an d show
their influence thr ough col lective m otions of the nuclear •1
f~e1d in which the few “individualistic ” nucleons move.
The for:aalisrn describes the nucleon dens i ty which define s
:h~ nu clear field in terms of a set of coordinates a. These
c~ oi’cina tes are symmetrical functions of the individua l
nucleon coordina tes Cx). The way the former set of van —
a~ les enter the nuclear dynamics can be appreciated best
in the case where the frequencies V of collective motion
4re much smaller than the frequencies v’ for the particle
notion . Then in analogy wi th molecular structure the wave
function has the adiabatic form

~frn~, 
(x) = ‘)~

r~ (x ,a)~~ (a ) ,

- —-~~~~ - ~~~~~••  - — - V .



Here the first factor is the shell mode l wave function ,
wi t h quantum numbers n, corresponding to a fixed field
hav ing parame ters a, w h i l e  the second describes oscilla-
tions of the nucleus as a whole with fixed particle
structure. A classica l example which neglec ts nuclear
compressibility serve s as a good illustration of the role
playe d by the a coordinates. Here the oscillations of the
nuc lear radius R(9, ~~~

) are carried out at constant volume
and may be described in terms of the spherical harmonics
Y as follows :

R(8, ~~~~
) = R 0 [i + 2~ a V (9, 

~~4L. ~~

C o u pl in q  Be tween  P a r t i c l e  and C o l l e c t i v e  Mot i ons

The most impor tant parameter in the model is
the strength of coupling between particle and collec t ive
mo tions, For very small coupling the main features of a
pure shell model are obtained; for stronger coupling an
e s s e n t i a l l y  d i f f e r e n t  nuc lear  s t ruc t ur e is f ound which ,

- howeve r , y i e l d s  spins and parities of gr ound states and
l o w — l y i n g  s t a t e s  not radically different fr om the shell
mood , For stron g coupling the nucleons move independently
relative to a statically deformed surface and the system
of’ particles and sur face has additiona l degrees of freedom
corresponding to rotation and vibration. This latter case
Is s omewhat analogous to the situation In molecular spectra
and give s a much simpler spectrum than the intermediate
cou p l in g cas e where par ti cle an d sur face  spec tra are no t
eas i ly distinguished.

Reconciliation with the Shell Model

In the Bohr—Mottelson mode l the nuclear spin
depends generally on both the configuration of the particles
and the coupling with the nuclear sur face, However , for
many configurations the coupling yields the same spin given
by the ordinary shell model ; in particular , for s in g le
particle configurations the spin of the gr ound state gener-
ally equals that of the particle even if the coupling is
s tron g an d the part icle an gular  momen tum no lon ger i s a
good quantum number . Consequently the new collective
model incl udes the she l l  model as a spec ial case f or the
class of phenomena which the latter most successfu l ly de—
scr ibes.

Nuclear Prbperties

The new model successfully yields a number of
nuc lear proper ties which do not appear compatible with the
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shell model or its modifications which consider as per-
turbations the interactions be tween otherwise independent
part icle s moving in a central potential. The deviation
of magnetic moments from the Schmidt limits and the exist-
ence of quadrupoic moments many times larger than can be

~ttrib ute d to a sing le particle , are phenomena which sug-
gest tha t cooperative mot i ons occur in nuclei , and in
general the l3ohr —M ottelson picture describes these features
well. Also a number of isomeric transitions wnose proba-
biliti es disagree strongly with the shell mode l can be ac-
counted for. Generally, transitions within the particle
structure which are found to be much less pr obable than the
shell mode l predicts , are attributed to differences between
the nuclear fields of the two states in question and a
similar situation exists for many slow 3—decays . Other
transitions such as some of the anoma l ously fast (according
to the shell model) electric quadr upole radiations have en-
hanced probabilities because of the oscillations of the
nuclear sur face. In addition the shell mode l finds it dif-
ficult to account for the fac t that ( j ) 3 particle configura-
tions are observed to have gr ound state spins of j in some
cases and j—l in others without violating known pr operties
of the two—body nuclear system. In the Bohr—Mottelson
mode l these observed gr ound state spins may be interpreted
as arising naturally from the strength of the particle—
surface coupling.

Coupling Strength and Existence of Rotational States

Ana lysis by Bohr and Mottelson of nuclear proper-
ties in t~e low energy re gi on have pr ov id ed con sid era b le
evidenc e regarding the strength of the surface—particle
coupling. This appears to be stron g except in the ne i ghb or-
hood of a closed particle shell. Beside such features as
the variation of magnetic moments and electric quadrupole
moments additiona l empirical evidence for rather strong
coup l ing comes fr om the existence of collective exc i tations
of the nucleus having rotationa l character . (See Physical
Review 89, 316 (1953)),

Appl ication to Hi.gher Energies

The Bohr—Mottelson mode l may perhaps be applicable
to the analysis of nuclear reaction data. Although the
excitation involved in nuclear reactions is relative ly high ,
the basic assumptions of the mode l should be valid until
very grea t energies , sufficient to excite simultane ous ly a
substantial fraction of the nuc lear particle s, are reached.
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~~per I men tal Conf i rrna t I on

It Is obvious that the Bohr —Mottelson scheme Is
susceptible to a very large number of experime rital tests .
::owcver , It would be particularl y desirable to confron t it
~.ith deta i led experimental evidence on the properties of
~i~e rotationa l states it predicts in even—even rLuclei.
Knowledge of the energies and life time s of excited states
of even—even nuclei would be important. if also it should
be possible to measur e magnetic moments and electric quad—
rupole moments of a few excited states whose live s were
also hnown , the model would be subjected to a fairly severe
test. Such measurements would be important both near closed
shells and far from them in the reg ion where str ong coupling
is expected to be fully developed.

AN IN TERF EROMETER S PEG TR OGRAPH

Dr .  Peter  F e l l g e t t  (Th e Observa t o r i e s , C a m b r i d g e )
has p o i n t e d  out that if l i g h t  is t r a n sm i t t e d  thr ough an
i n t er f e r om e ter , and If one leg of the i n t e r f e r o m e ter is
a It ~ red in l eng th , then the r e s u l t i n g  i n t e r f e r o g r a m  p l o t t e d
as a function of the path difference will be the Fourier
transform of the spectr um of the source. Because this
technique utilizes all of the energy of the source simultane-
ously , it can be shown to yield a lar ger signal—to—noise
ra ti o in a given ti me than convent i ona l spectr ogra phic
methods. A preliminary descri ption of Fellgett ’ s id eas was
q lven in Technical Repor t, ONRL—95—5l available from the
Technical Publications Office, Co de 740, Off ice of Nava l
Research , Wash ington 25, D.C. Dr. Fellget t is now buildin g
an unusual  in ter fe romete r  to apply h is ideas to as tronom ical
problems .

The design of this interferome ter spectrograph is
der ive d f rom the M ichelson inte r fero me ter , bu t the usua l
mirror s are replaced by corner—cub e reflectors . This has
two advantages. First , the instr umen t w i l l  automa ti c a l l y  be
in adjus tment , ir r espec ti ve of the ang u lar or ien ta t i on of
the reflectors. Second , the beam r e t u r n i n g  f r o m  each r e —
flector is displaced from the incident beam wi th the result
that the beam splitter can be made to serve as its own
compensating plate. In Fellgett ’ s design , the upper half of
the beam splitter is partially silvered on the fron t surface ,
while the lower half is partial ly silvered on the rear
surface. ~n additiona l advantage of the displace d beams is
the fact tha t both beams emerging from the beam splitter can
be used , whereas in the c onven tional des i gn one of them is
re— imaged on the source.

Fe l lge tt p lans to take advantage of the two beams



comin~1 fr om the i n t e r  i’c ro rne t c r  by i m a g i n g  thc~ on two r e—
cclvo~’s connectcd in opposition . Since the tw~ he~~rs wi ll
I n h e r en t l y  be of oppos i te interfero~etr ic p h a .~e , th ey  will
roduce signals which effectively add. The in~ tr u .~nt i S

to be used pr i mar i ly for observation s on th~ near infra-
red spectra of stars , and lead sulfid e conductive cells
will be used. The signal will be recorded on a ma•~netic
dr um or tape and the spectrum analyzed from it by conven-
tional frequency analysis techniques.

ThE OXIDATION OF LARBON MONaKIDE

An informa l one day symposium on the oxidation
of carbon mon oxide was recently held in the Chemical
Engineering Department of imperial College (London). It
‘~.as organized by Ors. Burgoyne and G. Minicoff and waswell attended by British workers in thi s field. In addi-
tion to British contributions , a communication fr om Dr. A.
~ordon ( NOTS , Inyokern) was read by Dr. Minkoff. A few
of the results discussed are described in the following
paragraphs. Further details can be found in Technical
Repor t ONRL—37—5 3, available from the Technical Publica-
tions Office, Code 740, Office of Nava l Research, Washington
25, D.C.

Several Investiga tors have now shown that , con tra ry
to earlier views, very small amounts of water vapor have a
striking effect on the second explosion limit of dry CO + 0
~r. A. Gordon reported that addition of 0.004 per cent wate~lowers the second explos i on limi t fr om about 780CC to abou t
7lO~~. Fur ther additions of water vapor have a less strik-
ing effect , although they continue to lower the limit . Whi le
these results were obtained in a closed system , Mr. Hirsch
~London ) confirmed them in experiments us ing a flow system.
~r. Hirsch also reported evidence for the presence of ozone
in the system before explosion occurs. Dr. G. Mlnkoff and
~r. H. Bro ida (NB S , at present at Imperial College ) are
looking for ozone In spar k— ign i ted explosions of CO + 0 but
t h e i r  r e s u l t s  are not yet conclusive. Defini te results2
concern ing the presence of ozone will be very useful in
fur ther elucidating the reaction mechanism.

The Band Spectrum of Carbon Mon oxide Flame s

Dr. D.A. Walsh presented an attractive interpr e-
tation of the well kn own band spectrum of carbon monoxide
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fl~ mes. This is based on the model , that the emission
occurs in a transition in which carbon dioxide drops from
ar. uprer , singlet excited leve l to a l ower triple t exc i-
ted leve l ; the upper excited state Is assume d to be linear ,
i.e., simi lar to the  gr ound state , while In the l ower cx—
c~ ted state , a strongly bent shape is assume d for the n~ole—
cule . This enables him to revise the previously attempted ,
csscntia lly statistical correlation of Gayd on (Cf. Spectros—
copy and C ombustion Theory, 1943, p. 68). Following Gaydon ,
the observed differences are grouped according to frequency
of occurr ence and ass igned as follows (single pr ime refers
to the upper state , double prime to the l ower):

Most frequent: 565 cm~~ (V
2 

), 1130 (2v2 
) , 1500 (v2 + )

Intermediate: 345 (v
1 

— V
2 
), 925 (v ), 1335 (v

1
’ + “

~~ ~,

1700 (3v 2 ), 2065 (2v 2 + V
1 
), 2260 (4v

2 
)

N t , V
Least frequent: 160 (v

1 
— V

1 
) , 230 (v — ) ,  515 (v

2
’) ,

780 (v
1
’), 1665 (2v~~~) , 1915 (v

1
’ + 2V

2
V).

It is interesting that this postulated bent , triplet state
should have a relative ly long lifetime ; it may be responsible
for the observe d surface dependence of the second explosion
limit , which Implies that a relatively unreactive chain car-
r ier can reach the surface.

The Oxidation of Carbon Monoxide by Nitrous Oxide

Dr. .J .W. Linnett (Oxford) presented results on
the oxidation of CO by N20, indicatin g that the unimolecular
decomposition of N,0 into N., + 0 is the initiating step.
A mec han i sm, cons 1~ tent with the following observations :
(a) water is strongly catalytic at first , while further
amoun ts have no added e f f ec t , (b) excess nitrous oxide has
a ca taly ti c e f f ec t, (c) excess carbon monoxide reduces the
rate, is~

N
2
0 > N

2
+ O ,

O + H
2
0— ~ 20H,

oH+ço ~~~~~~~~~ C02 + H ,

H + N
2
0—  >N

2
+ OH.
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CObiPLEX CHEMIS TRY OF THE U4~ iON

Dr. Sten Ahr land (Lund , Sweden ) has made a
c omprehens ive  s tudy of the c omplex c h e m i s t r y  of the urany l
ion (U02 2+) which  has been repor te d in several articles in

~ c ta  Chemica Scand inav ica  ( c f .  5, 1271 (1951)). He has
recently ex tended his study to the complexes formed between

~~c U~
+ ion and chlor ide, bromide or thiocyanate i ons.

Their comp1e~ci ty has been potentiometrically de termined by
the ligand displacement method using acetate ion as the ~is—
placing l i gand. The existenc e of the first complex (UX )~~
for each system has been pr oved, an d its cons tant

~ 
_

~~33+i~4+3 ç~<-3
calculate d for the chlor i de , br omide and thiocyana te sys tems
to be 2.0, 1.5, and 15 — 20 recipr ocal concentration units
respectively. The complexes formed are very similar to
thos e found with the uranyl ion, an d the values of 

~~ 
are

approx imately three times as great as those found for the
uranyl ion . Dr. Ahrland is planning further work on the
complex ion chemistry of the uranium fluorides.

PROTEIN CHEMIS TRY AT THE CARLSBERG LABORATORY, COPENHAGEN

The Car l s b e r g  L a b o r a t o r i e s , which d e r i v e  t he i r
suppor t f r o m  the Car lsberg  Brewer i e s  in Copenhagen , are
e n g a g e d  in an i n v e s t ig a t i o n  of the fundamental pr ocesses
involve d in bioc hemica l r e a c t i o n s . The phys ical chem ist ry
of p r o t e i n s  is the main  subjec t of investigation of the
c h e m i s t r y  s e c t i o n  under the direction of Pr ofessor  K.
L i n d er s t r ~~m—Lang ,  who is hi msel f  pr imar i ly in tereste d in
the k i n e t i c s  of biochemical reactions .

T r a n s f o r r n a t i o n of Ovalbumin t o P l a k a lb u m i n

The t r a n s f o r m a t i o n  of ova lbumin  t o  p l a l ca lbumin  by
an enzyme p r e p a r a t i o n  f r o m  “B a c i l l u s  s u b t i l u s ” has been the
5u~ j ec t  of the r e s e a r c h  of a n umber of’ c h e m i s t s  a t  the
C a r l s h e r g  L a b o r a t o r y ( c f .  Ottesen and W o l le n b e r g e r , N a t u r e
170 , 301 ( 1952); and G~ n t e lb e r g  and Ottesen , Natur e 170 ,
~VT~~~~ (1952)). During t h i s  t r a n s f o r m a t i o n  a sma l l  amount  of
m ateri el containing non—protein nitrogen is released , and
these ~eptides have been separated into three fractions
~csign ated A , B , and C. A and B are peptldes composed
: hi e f i ’j  of glycine , val ine , aspartic acid , and alanine In
t h e  ratios 1:1:1:3 and 1:1:1:1 , respectively , while C ap—
:~~~rs to be alanylalanine. it has been establishe d tha t
all three peptide fractions arise from the same portion of
the ovalbumin molecule. A model of the ovalbumin  molecu le
is shown below with the peptide fractions designated.
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A kinetic study, of this transformation is being
made by Dr. Daniel Ste inberg, on leave of absenc e f rom the
Nationa l Health Institute , Bethesda. The experimental
det erm ina t ion  of the amoun t of eac h fr ac ti on f orme d as a
f unc t ion  of time showed that the quant ity of the C fraction
ros e very quickly to a steady state value . Similar results
were obtained ~th p or t i o n  A except that the f i n a l s teady
state value was much smaller than that of C. Tne B fraction
on the other hand was very slowly formed but increased
s teadily. These measur ements indicate that the ovalbumin
chain is most easi1~. broken at position 1 (Indicated in the
model) while not so easily broken at position 2. It follows
that the B fraction mus t necessarily arise from a breaking
of the bond at position 1 followed by a second breaking of
the molecule at position 2. The experimental results would
seem at first to indicate tha t this second breaking of the
polypeptide chain was not very pr obable , whereas a consider-
ation of the model would indicate tha t the B fraction at-
tached to the pr otein molecule would be more ~ ‘s ily broken
off due to its f ree dom of movement in space than woul d the
A fraction. This latter possibility has been confirme d by
de terminations of the velocity constants of these pr ocesses
since their values are 0.20, 0.46, and 0.80 for the for-
ma ti on of the A, B, and C fractions , respective ly. Thus the
very slow appearance of the B fraction results from the low
concen tration of fraction B attached to the protein molecule
a t the star t of the reac t ion , which graduall y Increases as
frac tion C is split off.

Molecular Wei ftht of the Insulin Monomer

Dr. B. U. Kupice , an Amer ican postdoctorate working
in Professor Linderstr4m_Lang l s laborator y on the determ i-
n a t i o n  of the molecular weight of insulin by osmotic
pressur e measurements , has f ound some indication tha t the
lowest molecular wei ght may be 6000. This molecular we i ght.
is exactly one half of that designated as the mon omer by
Doty and Myers at the recent Faraday Society Conference on
the Physical Chemistry of Proteins.
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• Fur t her information on physical chemistry re—
• search at Copenhagen may be obtained fr om Technical Re-

por t ONRL-43’-53 available fr om the Technical Publications
• - Office, Off ice of Nava l Research, Code 740, Washington 25,

D.C.

PLAS TI C DEFORMATI ON A~4D FATIGUE

it Is generally accepte d that plastic deforma-
tion and the initia tion of fatigue failur e are inseparab ly
associated. Previous work by a number of investiga tors
has shown that the fatigue crack initiates In a deformed
reg ion, usua lly along a slip plane. H.L. Cox (Nationa l
Physica l Laboratory, Teddington ) has conducted exper iments
which thr ow some doubt on this view and should provoke fur-
ther research.

Cox has conducted torsiona l fati gue tests on
cylindrical single crys tals of’ alum inum thr ough wh ich a
transverse •hole had been made. It was observed during the
c ourse of the cyclic torsiona l stressing that slip bands
formed In the 0 and 900 position s rathe r than at the 45°
positions corresponding to the maximum resolved shear stress.
This is shown schematically in the follow ing figure:

~narkings

Finally, after a suff icient number of stress
reversals , a fat i gue crack formed; but instead of initiating
In the region of considerable slip, the crack occurred at
the 450 posit ion. The result is anomolous in view of pre-
vi ous work and merits further investi gation.

ELLIOTT-N.R.D.C. COMPUTER

The Ell iott-N.R.D.C. Computer 401 iAark I was
- • 

deve loped by Elliott Bros., Ltd., (England) under a con—
tract with the Nationa l Research Deve lopment Cor poration.
This machine operates at a fundamental digit rate of’ 330,000
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per second and has a basic wor d length of 32 binary d i g i t s .
The main store of the machine from which the clock pulses
are derive d is a magnetic wheel; and in addition to this
there are shor t single—wor d nicke l magnetostricti on de lay
lines for the ar i thmetic registers (accumulator , mul t~ p l ier ,
multiplicand , instruction , and one general purpose register).

This computer has been developed using small
packaged units made by standard electronic techniques.
The machine Is made up of a total of 168 such units of six-
teen different types, where three types represent 102 of
the total number of units. An important feature of these
logical units is that they are designed so tha t they could
be use d in the con st ruc t i on of mac h ines of vary ing l og ica l
design , making it possible to build a complete machine in a
very shor t time from a stock of such units.

A part icular ly nove l detail of this machine is
the iron oxide—c oated magnetic—wheel storage unit. Instead
of the norma l dr um cons truc ti on, this ma gnetic storage unit
takes the form of a disc 9 inches in diameter with the
storage tracks located on one face. The wheel has a sur face

• speed of 170 feet per second (4500 rpm ) and contains eight
tracks capable of stor ing 1024 words of 32 dIgits. The
clearance between the read—wr i te head and the wheel is 0.001

• inch, and the distance between the tracks is 0.01 inch.
The packing density employed on this wheel is 160 digits
per inch.

Multiplication takes 6.5 milliseconds to perfor m
and all other operations (transfers and additions) are car-
ried out in 0.2 milliseconds. The machine is capable of
solv ing 10 linear equations in 10 seconds, 20 in 1.5
m inutes , and 30 in 10 minutes.

This computer is more fully described in Tech-
nical Repor t c~ RL—39—53, copies of wh ich are ava i la b le
from Office of Naval Research, Technical Publications Of-
f ice, Code 740, Washington 25, D.C.

DIFFRAC 1IIQN FRINGE CONTRAST MICROSCOPE FOR BIOLOGICAL
STuDIE S

Dr. R. Barer of the Department of Human Anatomy,
Oxfor d, has i nvented a nove l and simple form of diffraction
microscope which may have usefulness in quantitative measure—
ments on non—absorbing specimens . An ordinary microscope
is used, modified in only two ways. The source of illumina-
t ion is a slit , and a diffraction plate Is inserted back of
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the objective at any convenient point different from the
rear focal plane. The diffraction plate consists of a
p lane parallel plate of glass over half of which is eva—

• poratcd a transparent layer which introduces a difference
In optical path of half a wave from the uncoated portion .
in the absence of a specimen a system of fringes is found
cr ossing the center of the field of view, similar to
those recently descr ibed by Kastler . The slit must , of
course, be pr oper ly oriented with respect to the inter—
ference pla te.

When a transparent specimen is introduced into
the region occupied by the fringes , the fr inges are disturbed
In such a way as to reveal the presence of the object.
r. Barer has demonstrated that the lateral deviation of’

the fringes is pr oportiona l to the local gradient of the
optical retardation , and thus the spacing of the fringes

~.s pr oportiona l to the rate of change of the gradient. Dr.

~arer is now exp loring the possibility of using this tech-
nique for the refrac tometry of unstained cells.

TECHN I CAL REPOR TS OF ONRL

The following reports have been forwarded to
O:~R, Washington , since the last issue of ESN. Copies may
be obtained from the Technical Publications Office , Code

740, Off ice of Nava l Researc h, Washing ton 25, D.C.

o~;RL— 3—5 3 “~ e ta ls Research a t th e In st it u te for  Theo-
re tical and Applied Physics, Stu t tgar t~ byJ.R. Reitz

ONRL—ZZ—53 “Nationa l Physical Laboratories , Israel” by
S.F. Singer

O’~RL—23—53 “Israel Defense Resear.ch Establishment ” by
S . .  Singer

O? RL— 2 6—53 “ I s r a e l Atomic Energy C o m m i s s i o n ” by S.F.
S inger

CN RL— 29— 5 3 “An Extrac or p oreal  Heart-Lung Appara tus ” by
J.L. N ickerson

C: :RL—30—53 “A Method for Measuring the Retina l Content
of Visual Purple in the intac t Lye” by J.L.
Nickerson

~~RL—3l—5 3 “Research in the Physiology of Vision at the
InstItute of Ophthalmology , Londin” by C.H.
Graham

105 
_____

- --



ONRL—32—53 “Annua l Repor t of the Noble Institute for
Neur ophys io logy,  1952” by C.H .  Graham

CNRL—34—53 “Psychology in Japan” by C.H. Graham

• P repared by---the- 5cie.nt ific Staff
Submi t ted by E. Epremian.

J~ sistant Scientific Director I,

~~~ L PH 1L 1P D. L01-IMANN
C a p t a i n , U.S.N.

• Ass istant Nava l Attache for Research
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