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1 Augus t 1954 No. 8 - 15

ThE HARWELL PROTON LINEAR ACCELERATOR

The British Government has approved the constr uction
of a proton linear accelerator of 600 Mev f or the At omic
Energy Research Establishment, Harwell. The money for the
first year ’s program is in hand, the con tracts wi th indus try
are be ing ma de, and preliminary test holes for the foun-
dations are being bored. The present cost estima te is
~ l,75O,000 ($4,900,000 U.S.) but actua l appr oval of expendi-
ture of funds will be on a year to year basis , wi th the
thought- that in an emergency construction can be stopped half
way (say) and the par t that has been completed will still be
usable.

The general design of the acce lerator is the re—
sponsibility of’ the General Physics Division , Harweli, but
the detailed design and construction will be done by Metro-
politan Vickers, Limi ted, who will bui ld all par ts of the
accelerator wi th the exception of the high power radio—
frequency tubes. The estima ted time of completion is not
less than five years.

It is hoped to achieve a time average proton beam of
some microamperes at 600 Mev. Since this beam Is automati-
cally available externa l ly (in contras t to the FM cyclotr on)
it is believed that this will be a unique facility in the
production of meson beams and in the availability of suf—
ficient intens i ty for really precise experimental measure—
ments in the field of high energy nuclear physics.
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The injector will be a 500 key Cockcr oft—Walton set
made by Philips and employing selenium rectifier s. The first
section of the linear accelerator will take the protons to an
energy of 10 Key and will operate at a frequency of 200 mega—
cyc les. Radial focusing will be obtained by the use of grids .
Next there will be two 40 ft accelerator tanks giving energy
increases of 20 Key each. At 50 Mev there will be a gap of
1 or 2 meters length and the operating frequency will change
from ZOO me gacycles to 400 megacyc les. This frequency is
continued for the res t of the accelerator , it Is also planned
to have the possibility of bending the proton beam out of the
accelerator at 50 Key and also at 150 Mev and 350 Mev. The
total leng th of the accelerator will be about 270 me ters for
the f u l l  energy of 600 May.

Cons iderable theoretical work has been done by the
Harwell group on beam dynamics inc luding the effects of grid
focusing, str ong focusing and the effec t of gaps in the
accelerator . It is planne d to use magnetic str ong focus ing
for energies  above 10 Key ,

One of the reasons for going Into the linear acceler-
ator progr am Is to strengthen the position of Britain in the
field of high power vacuum tubes usable in the frequency range
of 200 and 400 megacycles, and the deve lopmen t of tubes of
this type is an essential par t of the progr am. The total
pulse power requirements for the accelerator wil l  be appr oxi-
mately 150 megawatts wi th a duty cycle of about 1 per cent.
The repetition rate is planned at 50 pulses per second . A
lar ge tr i ode has been constr uc ted and will be tested at
liarwell with the final design figures of 5 megawatts at 400
niegacycles kept in mind . One basic feature of the tube is a

I ) cylindrical anode somewhat less than a half wave length in both
length and circumference which is exc i ted by the elec tr on
stream so tha t a voltage node exists at both ends . Wa ter and
high voltage at 40 kv are brough t in thr ough seals on four
vertical bars tha t suppor t the anode. The filaments are lo-
cated on the outside so as to pr ovide maximum emitting area.
They are vertical str i ps appr oxima tely 6” long by 1/4” wide
located be tween vertical grid bars appr oxima tely 1/4” on a
side . Shaping of the cathode and grid geometry, to produce
an effective Pierce cathode , pr ovides focusing of the elec tron
stream and consequent low grid current. The anode at the
center has a small area for heat dissipation but this is no
disadvantage for pulse operation . Commercial pr oduction of
sealed—off tubes of this type will be undertaken by the
English Electric Company.
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II
A second line of attack on the rf problem is the

development of high power klys tr ons at Imper ial College ,
London . These w i l l  be 5 ft high, will require a plate
voltage of 100 — 200 kv and will deliver a peak power of
between 1 and 2 megawatts.

SEM1CONDUCTING ~ I TANIj~M NI1~IDE

• An interesting semiconducting modificatio n of
titanium nitr i de layers was recently discovered in the
laboratories of Dr. A.M%~nster (Metallgesellschaf t, Frank-
furt). It was found that thick titanium ni tride layers
deposited on silica glass exhibit a temperature dependence
of conductivity characteristic of semiconductors. The
layers which were up to 0.01 mm thick are otherwise indis-
tinguishable from the usual titanium nitr ide layers which
are me tallic conductors and have been extensively studied
by M~xtster in the past years. It appear s that the silica
glass substrate plays a hey role In the formation of such
a semiconduc tor an4 one might speculate that oxygen in the
form of atomic or molecular i ons perhaps enters the nitride
lattice. The me tallic and semiconducting nitride layers
yield identical X—ray struc ture patterns .

Another recent observation of this laboratory in
the field of titanium nitr ide which may be of possible

H inter est concerns the properties of cathode materials.
Titanium nitride was found unsuitable for such app1icatl~ nssor.~e years ago because it dissociates at a cathode tempera-
ture of 200O~~. It was recently observed by Dr. M~nsterthat solid solutions of titanium carbide and titanium
nitr i de exhibit greatly impr oved properties . The satura-
tion potential is only 20 volts and they can apparently
withs tand very much higher temperatures than pure titanium
nitride.

ThE RAMAN S PEC TRA OF MOLTEN SALTS

Dr. W. Bues (Stuttgart) has comple ted a valuable
study on the Raman spectra of a series of molten nitrates
and lithium perchiorate , using the relative ly simple techni-
que previ ously mentioned (cf. ESN 7, 159 (1953)). The
spec tra of molten nitr ates of lithium , sodium , potassium and
silver , indicate that the str ong fundamenta l vibrationa l
frequency of the nitr ate group around 1050 cm l  Is markedly
dependent on the cation. It moves from 1061 to 1030 cin 1 in
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• 1~ ‘1
the above mentione d series. In the case of silver nitrate a
number of weak new lines are also observed which have not yet
been definitely assigned . It appear s probable that both in
silver nitrate and in lithium perchior ate undissociated mole-
cules are also present in the melt.

In a 50 — 50 mixture of silver nitr ate and 1i~hiumnitr ate the strong fundamental is halfway, at 1048 cm~~, be-tween its location for the pure salts . This is also its
value in aqueous lithium nitrate solutions.

ThE CHEMI STRY OF HI GH TEMPERA TURES

A national meeting on the chemistry of high tempera-
tures was held in Paris on 11 — 13 May 1954 under the sponsor-
ship of the Commission of High Temperature Chemistry of’ the
Centre Nationale de la Recherche Scientifique . The discussion
was divided into five sessions dealing respectively with

• techniques of heating to high temperatures, new materials of
high temperature app.1ic~ tions , physical studies at high tern—
peratures, electrolysis and electrolytic phenomena at high
temperatures, and measurements of high temperatures. Most of
the material presented was of’ a review nature and will be
only very briefly mentioned below; more de tai ls can be found
i~ Technical Repor t ONRL.—46—54. The complete proceedings,
including the discussion, will be available from the organ—
izers.

H The E lec tron ic Torch

The elec tronic torch, or discharge torch, is a high
pressure electric discharge produced in certain gases under
the inf luence of high frequencies . The dischar ge is attached
to a single electr ode and presents an appearance simi lar to a
flame. A recent study of this phenomenon at frequencies of

-
• 

cps using air , N2, CO2 and A was that of J. D. Cobine and
D. A. Wi lbur (~J. Appl. Phys. 22, 835 (1951)). At this meet—

• ing J. Laroche described his work carried out wi th M. Magat
(Paris) in which a wide variety of gases were studied in such
a torch, operating at 1.3 x 109 cps. The design of the appa—

• ratus was similar to that of’ Cobine and Wilbur .

The torch functions in a stable manner in nitrogen,
oxygen, chlorine, argon, carbon dioxide and sulfur diox i de,
but cannot function at all in hydr ogen or hydrogen—c ontaining
gases such as ammonia, methane, etc. Mixtures of gases be-
longing to these two groups are satisfac tory media provided
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a)
the concentration of’ the “inactive ” gas is not too great.
The shape, struc ture and colors of the flames in theseq d i f f e r e n t  gases show char ac t e r i s t i c  va r i a t i ons .

Spec tr oscopic studies , together wi th the other
measurements , lead to the conclus i on tha t the heat evolu—
tion observed is due both to recombination of atoms and to
deionization of the var i ous i ons present.

K. Laroche investigated the formation of NO from
its elements in such a torch. The maximum yield of NO was
obtained wi th an equimolar mixtur e of nitrogen and oxygen,
at a flow rate of’ 40 1/h and was 6 per cent NO, while the

• yield at the same flow rate in air itself is 4.8 per cent
NO. The bes t efficiency was found to occur at a much
higher flow rate of 400 1/h of air , and amounts to 53 grams
of nitric acid per kwh. Under these conditions only 1.2
per cent NO is formed.

Alloys of Carbides

The structure and pr operties of pseudo—b inary and
pseudo—ternary alloys formed by the carbides of tungs ten,

(i zirconium and titanium were discussed by T. Tornbrel. The
temperature dependence of the solubility of tungs ten
carbide in zircon i um carbide and in a 3:1 solid solution
or t i t a n i u m  carbide  and z i r con ium carbide was ob ta i ned be-
tween 17000 and 2600° C. X—ray me thods and micrograph ic
techniques were employed. It was found that the solubility
in the first case increases from 26 mole per cent at 1700CC
to 58 mole per cent at 25500C. In the second sys tern the
s olu b i l i t y  Is considerably greater but Its temperature de-
pendence is less: it varies from 42 mole per cent at 1700CC
to 63 mole per cent at 2320CC.

Cerinets

The interesting, relative ly new field of mixture s
• of oxides and metals was discussed by S. Tacvor i an. The

system which he discussed in some detail is chr omal, the
sintered mixtures of chr omium and alumina . The three
important variables which influence the pr operties of the
chromals are the chromium content, the composition of the
metallic phase, and the particle size of’ the powders. The
chromium con tent was described in terms of three ranges of
composition : (1) mixtures containing up to 30 per cent Cr
by weight are character ized by low electrical and thermal
conductivi ty and poor resistance to thermal shock; (2) be—
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t
tween 30 per cent and 50 per cent Cr the elec trical conduc—
tivity is considerably increased and tlfere is negligible
weight gain by oxidation in 300 hours at 1000CC; creep re-
sistance Is a lso  extreme ly high ; (3) in the range from 50
per cent to 80 per cent Cr the therma l shock resistance is
excellent whi le the creep and oxidation resistance is still
quite satisfactory.

A cerme t In which 16 per cent of the Cr is replaced
by Fe Is less expensive , has good ox ida t ion  r e s i s t ance  but
poorer thermal shock characteristics. An aggregate of only
Iron with alumina is unsatisfactory but additions of tung-
sten to chr omium have resulted in some excellent materials.
As regards the par ticle size, results ob tained wi th Cr
powder of 5, 20 and 45 ~ show that the finest powder gives• the best results.

MOLECULAR COMPOUNDS IN\TOLVING HYDROXYL IONS

Deta i l ed  i n v e s t i g a t i o n  of the absorp t ion  spec tr a of’
s—trinitr obenzene and other ar omatic nitroc oinpounds in

• 
alkaline media recently led A. Bier and Prof. J.A.A. Ketelaar
(Amsterdam ) to postulate the occurrence of complexes involv— (
ing the aromatic nitroc ompounds and hydroxyl ions. =

The most extensive measurements were made on s-tn-
nitrobenzene in KOH solution of’ 0 — lON, in the concentra-
tion range 0.2—1.0 x 10 4M. Other basic media used were
sodium bisulfate solut i ons, 33 per cent trime thylamine , di—
ethylamine, hydrazine hydrate and pynidine . The spectno—
photome tric observation s in KOH solutions indicate two molec-
ular compounds be tween the ar omatic and OH ions, in 1:1 and
1:2 ratios . The former has absorption maxima at 276 in
436 m ~~, 460-480 m ~ (uncer tain), and at 510 m &. The 1:2
complex has no absorption bands in the visible region.
Studies in the other alkaline media confirm these bands in

• all cases where hydroxyl ions are avai lable .

A number of other ar omatic nitroc ompounds were
• shown to behave In an analogous manner.

The well kn own reversible color change of s—tx’!-
ni trobenzene, and of other nitroc ompounds, occurring when
their aqueous solution is made strongly alkaline is thus not
due to proton transfer. This cortc lusi on was strengthened by
the recently published negative results of’ exchange experl—
ments in heavy water (Cf. Ketelaar et.al., Rec., ~~~~, 38
(1954)). (
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ULTRASONiCALLY INDUCED LUMiNESCENCE

Recent experiments in the laboratories of Prof . P.
G~!tnther (Karlsruhe ) indicate that the well kn own luminescence
observed when liquids containing dissolve d gases are exposed
to str ong ultrasonic radiation may be due to high elec tro—

• static fields deve loping wi thin the liquid and particular ly
• a t  i t s  surface and i t s  In te r fac e with the con tainer . Exten-

sive investigations have been made on aqueous solutions con-
= tam ing var i ous rar e gases and oxygen insonif ’led at a frequen-

cy of 175 1w. Solutions containing xenon show a particular ly
str ong luminescence which can be easily seen with the unaided
eye . I t  was f ound that when a 50 cycle modula t ion  frequency
‘ is imposed on the u l t rason ic  f i e l d  there is no effec t on the

emit ted l ig h t , i.e. i t  doe s not show any 50 cy~ 1e per i od ic i ty .
Prof. Gu nther believes that this observation dispr oves the
previ ous suggestion that these luminescence phenomena are due
to the adiabatic compression and expansion of cavitation
bubbles in the liquid.

The spec trum of’ the str ong xenon luminescence m di-
cates that it is exc i ted to a leve l corresponding to 6 ev and
thus the well known occurrence of var i ous chemical reaction s

- • under the-influence of’ ultrasonic radiation is readily under— +

• stood. The xenon band observed is broadened in a manner
similar to that observed by Stranskl f o r  the oxygen band in
his extensive studies on triboluminescence .

The investigations are continuing using str ong salt
so lu t ions  to reduc e the vapor pressure of’ wa ter in any cavi-
t ies f ound in these sys tems . This will permit the study of
the quenching e f f e c t  of wa ter vapor on sonolwninescence .

-

• 

~ (IDATIVE P1-IcSPHORYLATION BY ISOLATED SPLEEN MI TcC1-iO?IDRIA

Adult  male ra ts  we igh ing  300 - 400 gm were used by
• Doctors D. W. van Beickum and H. Th. M. Nieuwerkerk of’ the

Medical Biological Laboratory of’ the Nationa l Defense
Resear ch Council (T.N.0.), The Netherlands , to study the
effects of tota l body x—radiation on oxidative phosphoryl-
at ions  by isola te d spleen initochondria. This work was begun

• several years ago but re f inements  in technique are still be-
ing developed . In an attempt to assess the effect of x—
r a d i a t i o n  on the cytoplasm of cells the oxidative phospho—
rylation process, which is considered as being of prime
importance in maintaining the energy supply for many
endergonic processes in cells , was selected as a prototype
system for investigation . Rats were killed at intervals
after irradiation , the spleens removed and homogenized , and
the mitochondria isolated by differential centnifugation in
sucrose solution . Controls were processed simultaneously
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in each experiment. The effec t of’ total body x—radiat ion
( 1100 r )  has been s tudi ed  a t  2 , 4 an~ 24 hou rs a f t e r  i r —

I radiation. At 2 hour s af ter irradiation oxidative phospho—
rylatlon was found to be hardly, if at all , affec ted, but
4 hour s af ter irradiation phosphate upt~~e was decreased to
50 per cent of’ the control value . Oxygef~ uptake was alsoimpaired although to a lesser extent. Twenty—four hours
after irradiation these effects were still present. The
decrease in phosphate and oxygen uptake (and d’~crease in

+ the P/o ratio) is believed to be the result of some impair-
ment of mitochond nial me tabolism. The effect described was
observed when the substrate used was either succinate or
aipha—Icetoglutarate .

Fur ther investigatIons of the me tabolism of iso—
• lated spleen mitochon dria have been made . It has been

I 
• found that successive washings of’ the mitochondria during

the pr ocess of’ isolation decrease the phosphonylating
+ capac i ty of’ the preparations , but this can be restored by

the addition of diphosphopynidine nucleotide (DPN). This
= phenomenon is mor e readily observed wi th alpha—ketogluta—

rate as a substrate than with succinate. There is an in—
I creased adenosine tr i phospha tase activity of spleen homoge-

nates af ter irradiati on of th’- animals. This is preceded
+ 

by the disturbance of oxidative phosphorylation and is
• pr obably an independent reaction not related to the dis-

+ 
I turbance of oxygen and phosphate up take. X—ray doses as

+ 
low as 300 r are sufficient to prod uce decreased phosphoryl—

+ ation by the isolated spleen mitochondria studied 4 hours
after irrad iation of’ the animal. Finally, it has been
de termined tha t the pr ophylactic administration of beta—
mercapto-ethylamine (Decaptan) does not influence the
disturbance in the oxidative phosphorylation pr ocess.

•0 NEW JOUR NALS

+ Reorganization of Zeitschriftji!ir_PhysikaUsche Chemie

The Zeitschrift f~ r Phys ikal i sche Chemie has been
split into two Journals wi th the same name . One of these
continues in Leipzig (East Germany) and carries on the old
volume numbering ; the other is published in Frankfur t am
Ma in, wi th Neue Folge (New Series ) added to the title and
the first Issue has recently appeared. Its editorial board
includes Professors i3onhoeffer , Jos t, Fbrster and Schwab,
and it may be expected to become the more impor tant one of
the two.
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Analytical Abstracts
+ 

• The f i r s t  f our issues of the new , month ly  abst rac t
journal , “Analytical Abstracts ’t , have appeared since 1
January 1954. I ts  appe arance is und oubtedly  at  least  pa r t l y
due to the recent d i s c o n t i n u a t i o n  of B r i t i s h  Abs trac ts.
This  J our na l is publ ished monthly by the Society for  Ana-
lytical Chemistry (London) and deals wi th all branches of
analytical chemistry. It includes sections on general ana—

• lytical chemistry, inor ganic analysis, or ganic analysis ,
• 

• : biochemist ry ,  and general  technique and laboratory apparatus .
in addition a recent issue contained a listing of Russian

• •j scientific papers of interest to analytical chemists , of
which English trans lations are available.

“Analytical Abs tracts” is published by W. Heifer
and Sons in Cambridge at a subscription rate ofjz.lO.0. per
annum.

Prepared by the Scientific Staff
Edi ted and submitted by Dr.~~~~~~~~ inian .

+ 
Deputy Scientific Direc tor

+ • P. S. CREASOR
Captain, U.S.N.

Assistant Naval At tache for Research

Q 169

£ 0 2 7 8 1.
F

• 
• 

+ , ~ •
. •• • ..

— 

.p
,~ ~~~~~~~~~ — -


