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INTRODUCTION

The 5.5 MeV Van'de Graaff Accelerator has completed
its third year of operation. This reporf'covers the period
from 1st January 1964 to 31st December»1964 (1)-

) With the installation of the 3 port switching magnet
in Januaryr1964,'the experimental facilities have inéreased |
significantly° A TMC-400 channél pulsé height analyser was
pécei?éd_in_Jaﬁuaryi19643. Con§iderablelusehi$jaiéo now being
made of_theCDC—36CQ éompu¢er in the.Tété Institute of Funda-
mgntaliRe%eargh, Colaba, Boﬁbay also installed in j964, for
s@psgqqutudétaiana;ysis. ?he wo;king of the'Vap-Qe_Gpaaff-
Accelerator yhich:Was.on a three shift 5-day week basis from
phgubegipn;ng gf thelyea; hasrlately;pegn-sy;tghedﬁqver'to_
three shift T-dsy week operation.. ALl the above factors have
con;ripgted;to_the-sucgeséfgl“qompletipn_of,anumber Qf experim
m?nts'dgring¥thé period»witﬁ an increased efficiency in machine
ﬁtiiisaﬁibhf . |

_.”_._The wa;k”quﬁhgfvarigusfqugps in_thelVan.dg Graaff

Laboratory during the period is summarised in this report.

(1) van deiGraafdeabonatbry:Progfess Report,
A.S.Divatia, AEET/NP/8



ACCELERATOR

The Accelerator has operéted for a total of 4681
hours during this period. A break up of the total time of

operation is given below:

1. Total time of operation from : 4681 h
1st January to 31st December 1964 : ours

2. Time utilized for research experiments : 3908 hours
3. Ufilization efficiency _ : 8%%

4. Time lost in repairs, maintenance

-and-machineaconditioning 13'5%
5. Tlme lost due to malfunction of . 3 5%
experimental equipment ] ‘ °
I. Accelerator shut downs and majbr repairs:
1. The Accelerator was shut down for gbout three weeks

in Jude when all the Column resistors were renewed with Weluyn
high voltage resistors. A good part of this period was, however,
utilized forre#a%ntipgutbequcelepatqn_andmexperimgntgttrooms,
A new 3-port switching.chamber of section 1" x 2" was also
igstgiléd“in-the_switphing,magnet and_beam'alignmept was carried
dut during this period. _ | |
2?. A series 6? bfeakdowps:éf_differentfcom?qnents took
place in July forcipg a.continuégs.shut qun fgrrabdutr2 weeks.
Thesg.w?fe; the failure of.the thg;mgméghgn;cglflgak, failgré

of the terminaliBb_KV insulationmbushing.and.deﬁelopment of
sparklng across the glass 1nsu1ator 1n the dlfferentlal tube

head. A locally fabricated thermomechanical leak was 1nstalled
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the terminal bushing was renewed and the differential tube head

was reconditioned to ensure good insulation.

3.

Other breakdowns:that resulted in machine shut down

for short periods are listed below:

(i)
(ii)
(1ii)
(;V)
(v)

(vi)

(vii)

-Renewal of ion source bottle and retuning have been

carried out four times during the-year including the
pfedature failupe»of a new ien seutce in one case.
Thermomechanical ieak used fer ﬂelium inlet developed
a cold ieak and had to be renewed with a new one also
fabrlcated in the laboratory° |

Column and tube sparklng started due to failure of four

column resistors. These resistors were renewed.

Belt drive pulley shaft was found knocking due to wear
and tear. The shaft_ends were slightly turned down in

diemeter and.were provided with metal sleeves fitting

.snugly in the bearlngs.

One. 0011 of ‘the sw1tch1ng magnet developed a ground leak.
This: coil has been_}selated.as the_rema1n1ng_eo1ls are
pepabie:of_proyiding_the requ}red_ampereuturnsﬁ_ -
Differentialhtdbe,head.dewelqpedmsperktggEacrass glass
insu}ationor A newrtgbe_head was instailed;

The belt\charge limiting resistance developed an open

circuit resulting in sparking.in the current control unit.

A .new resistor chain was.made and connected up and was

found satisfactory.

(viii) One glass section in the Accelerating tube developed an
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internal crack after a severe tube spark. This section
has been electrically shorted out.

Modifications_and Additions:

A good ground connectiqn using a 1" x 1/8" copper striﬁ
has_been provided in ﬁhe béam room near the expefimental
area.

Thg 116 ' Docé éupply system féf the laboratories has been
put'into operatiqn, -
Hewlétt_Pagka?dfrequenQy qqupter caPablewof precision
measuyemgnt uppo”50 Mc/s has_been recg‘i_ved° 'Arhighrgainr

wide band preamplifier for using the counter directly with

the existing NMR oscillator is under development. A Hewlett

Pagkard widerand high éain preamplifierfhas'also been
or}deréc}° | 7 :
Ih§ voltagg;adjg§§_se;syn_op‘tpe cgntrg} qonsqlq yag been
qonnected‘upatoLallzoyher selsynsthroggh?a5sejégjpple six way
switéhso'thgt;this can operate any of these selsyn circuits
incase.9f f§ilure:_”“ ‘J
A_4QO_changgl,iﬁq"apglyger has been received and is being
uséqéfqn_data.cglleqpqu,_ |

It-is_prqposed‘§9 fgbricape.ion?sourcqﬁéotples for use Withr,
tpe.Yan_deanaaff chgieré@or_in __1751he_,].:_afpora.tor'y,f A prototype
has pgén,pongtnpciedmahd:isrundérgO;pg;begch»pe;to

A relay operatedwcircuitty fqr_aqtqméﬁig accumg;aie_apd print

out operation qf,the”mﬁltichanne;,analgser triggered by the

current integrator has been d€signed and added to the current
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integrator unit. Also a duplicate standby current integrator

incorporating the modifications has been constructed and

celibreted.

III. Development Projects:

1. Beam SWitching Magnet - T.P.David and UOT. Raheja ~ A beam

switching magnet with a 3-port chamber was installed in January
1964 andAhas sigce beeh in regularroperationf AThis hae facilitated
the eimoltaneous.set up of three research experiments and the
sw1tch1ng over of the beam from one to another as desired.

’ The magnet was fabrlcated from forged TATA grade: A
steel (obtalned from the Tata Ipon and Steel Company)(Flg. 1)
ihe BfH curve for this steel g;ven by TISCO ehows a eaturatlon
around41"8_(’)QO'gausso Howeveré anrexperiment oongcted at the
Tataiinstitute ofMFundamental Reeearch'on.etéghpie shows a satura-
tlon around 12000 gauss. o ’
| The magnet has an. overall dlmen51on.of 42"‘x 46"
The. yoke_eect;oh 15;9”A¥,9" an@“thehelroqlar pole pleceshare of
12"eoiemeterrtapered;at the tips to. give 11" diameter pole faces.

~The-pole gap-measures 1.040".

FLeld.Requiremeht;A
The,fluk:density,requirement is calchleted from the

equation .

BQ,V : TY\VL

‘F
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and in terms of energy

Bl _ 2ermn E ]
B e \0"
Assuming 'l° as length of beam pdth and © the deflection

angle the radlus of bendlng

f:z

(e’ &
Cos 2

Substituting
* avaa /
= FRAAR TR By <
l( zL)L zfg @ﬁL%

whence

% N, :’ZW\E

In the present case, angle of deflectlon is 30° and
t he length of the beam path 1n the magnetlc fleld 1s about 30 cms .
ngpefqre,rthe.requlredwflux den51ty_£9: 6 MeV protons = 5920
_ gausspana for éAMeVdHef,;BW§,1184Q‘gaussf“A
~ The magnet is fitted with ércqils.connecteg in seriés
each consistingiqf 1QOO-ﬁgrnszwqundxwiyh_14.qu DCQ_coppeAr"Awi;re°
7 - AThéﬂcunfen§ ;equ}red for bending SiS_Mev;protqns is
apprp;imately.1oé2 ampsMahdwfor 5.5 MeV Het beam approximately

3.9 amps-
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Power Supply:

Magnet current is taken frbm a variable voltage
regulated power supply, using bridge connected silicon rectifiers
and a stabilizer circuit. A set of 22 parallel connected 6AS7G
series tubes and a current control unit using a standard resis-
tance made from manganin wirevin series with‘magnet coil form the
current regulator circuit. Fine and ultra-fine adjustment of
current is possible with a 50 K , 15fturn and 20001 10-turn
helipot used in the current control unit. The drift in the
coil current was measured on a Honeywell Brown recording pot.and

found to be less than 0.75% over 6 hours of operation.

Switching Chamber:

The switching chamber (Fig. 2) was made of Aluminium
tubing with a square Cross section measuring 1" x 1" outside and
1/16"7wall thickness. It has a straight-through port and two
300 side.ports,_the side tubes having bent at a radius of
approximately 48 cms. Each port is provided with a 1" gate
valve fitted with perspex flanges for checking the current pick-
up on the 1/2" tantalum collimators inset in the gate valve
flanges.

An additional vacuum system has been provided after
the switching chamber which can be easily connected to pump any
one of the three beam tubes. This system consists of a 2" mercury

diffusion pump and a mechanical backing pump with the necessary

baffle and liquid nitrogen traps. The switching chamber is
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connected to the accelerator tube extension through a bellow

coupling.

2. Five-port Beam Switching Magnet - T.P.David - A-new switching

magnet with an overall dimension of 74 cms x 56 cms x 30 cms has
been designéd, The yoke and the pole pieces are shaped (ﬁ'ig° 3)
to make it compact and minimise the amoun;.of steel. .

The magnet coils made from 1" x{H/S"rcopper strips
ére designed to carry high current at a’very low voltage thereby
avoiding high insulation requirement. |

Four 40-%turn coils aré stacked on each pole piece with
-alternate'layefs of cooling chambers. The low voltage O - 150
amps current stabilised power supply for the magnet is being.
built by the CI and S section of thé Blectronics Division.

The aluminium beam switching vacuum chamber is
designed to fit in the 2.5 cm magnet pole gap; The chamber'
has beam ports at 25° énd 45° on either side of the straight-
through port. " b |

| Low carbon TATA 'A' grade steel for the fabrication

of the magnet has been ordered and is expected to be delivered

shortly.

3. Blectromagnetic. Quadrupole Focussing»ﬁéns - M.Bhatia, N.S.

Thampi and T.P. David - A magnetic quadrupole focussing lens
system has been designed and constructed. It is at present used
for high resolution charged particle experiments. The design

is based on a paper by Weidmann (1).






:9:

AThe system is a ¢ombination ofAtwo lenses phased 90°
for focussing the beamrinAboth X and Y planes since the focussing
effect of a lens in one plane is always accompanied by a
defocussing effect in the perpendicular plane.

The basic equations used in the calculations are:

e T . 4, 2
FrR R e = AL (G L d)
Ond NI~ _ fat /oy
o e
where L is the length of each magnet; d the distance
between main focai~plane; e and m, the charge and mass of the
particle accelerated and U, ﬁhe accelerating potential.

Semicircular pole tips have been used to facilitate
easy machining instead of the idéal hyperbolic tips, with
radius R = 1.125a where a 1is half the lens aperture, a
condition that is found t§ give the best results in practice.

The magnet yoke has been fabricated from mild steel
with pole pieces of depth 4.5 cms and length 15 cms. The semi-
circular pole tips have a radius of 1.125 cms giving 2 cms gap
forAfhe beam tube.

The lens is provided with 2 coils of 1900 turné each
of 22 SWG enamelled copper wire and mounted in such a way as to
produce equal field distribution in all the pole gaps. Cooling
coils have been brazed on to the brass 0611 formers. The two
lenses are mounted on an adjustable table designed with provision
for movement of the lenses together and separately both along

the direction of the beam and perpendicular to it. The table
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is aléo fitted with levelling screws.

The beam tube is fabricated from 2 cm O.D. aluminium
tubing with necessary‘flénges and couplings. Fig° 4 gives a view
of the complete assembly. The lenses ére fed from independently
variable power supplies using silicon rectifiers and bias -
controlled 6AS7 series tubes. |

The syStem has been installed in fhe straight port of
the switching magnet chamber . .It is found to be capable of fécus—
sing &0 a spth5,5 MeV proton gnd He™ beam at a'minimum distance
of 12" from the $e¢9nd lens with coil current less than 500 mA.

It is proposed to fabricate more similaquuadrupole
units withrapertﬁne 2.54 cms for installation in the side'ports
of,thre.slwitchingchambezz°
ReferencéA

(1) W.Weidmann, Nuclear Instruments & Methods g‘(1960), 347,

4. Thermomechanical leak - N.Sarma and M.G.Betigeri - A thermo-

mechanical leak has been designed and constructed for controlled
gas leak into the ion source bottle of the Van de Graaff
Accelerator. It consists of a brass cylinder with a hole ending
in a narrowed valve seat. A steel ball pressed by an invar rod

" and tightened by a screw %n the cylinder closes theAvalve seat.

A resistance wire wound over the cylinder is used for heating the
leak. Differential expansion of brass and invar releases the
steel ball against the gas pressure, letting in gas through the
thermai lgak with a leak rate proportional to the temperature
rise'iﬁ the working range. These are now in regular use with the

Van de Graaff Accelerator giving satisfactory performance.
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5. Beam Deflector Assembly - Mu Bhatia and G°V°Bha£ - A ﬁéam
deflector assembly fof installation in the beam tube extension
has been designed and fabricated (Fig. 5). It consists of two _
sets of deflector rods of radius 3/8" each of length 74" mounted
on a pitch circlé of 1%". The whole assembly, enclosed in a
3"-ODD; brass tube and fitted with fianges and vacuum tight feed-
ins for electrical connegtions, is approximately 213" long.
Initial tests carried out with the system have been very safis—
factory, the deflector being able to shift 5.5 MeV proton beam

© without distortion by about 6 mm in all directions. Further

performance tests are under progress.

6.,-He++ Ion Sburce.for.Van de Graaff Accelerator - T.P.David -

This work has been started with the objective of obtaining

doubly charged 4 E

He and He ion beams, thus doubling the
energy avéilable for these particles with the Van de Graaff
Accelérator. |

Helium ions from a high yield ion source bottle are
focused by an Einzel lens into a uniform magnetic field produced
by a stacked assembly of ceramic magnets. The bending moment of
the charged particle beaﬁ passing through the magnetic field is
neutralised by an electric field applied at right angles to the
direction of the magnetic field. This occurs Qhen the electric

V= dH‘ /_z_%_:.xé

field potential
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Since this potential depends on the charge to mass
ratio of the particle, it can be adjusted. to separate out dOubly
charged helium bean whlch is then progected into the accelerating
tube at the high voltage end°

The cross field ion separation chamber-inCQ:porating
the Einzel lens assembly to be installed on the Accélerating tube
head inside the high voltage dome hgs been designéd and cons-
tructed. A similar cross fields design has been successfully
used at the William Marsh Rice University, Texas.
| A laboratory test bench has been built with the high
vécuum systems and electronic instrumentation such as the radio
frequency oscillator and power supplies. An ORTEC ion sdurce
is used to produce the Helium ion beam. The performance of the

arrangement is being tested.
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RESEARCH EXPERIMENTS

1. A Study of the Levels ofa44Ti - M.G.Betigeri and N. Sarma -

4oy

Nuclei with four particles butside a closed shell such as
have been .of great interest both to experimental and theoretical
nuélear-physicists° Experimentally these nuclei are easy to |
investigate since states are well defined at a much higher
excitafion energies than for other nuclei. Such nuclei in the

12 20

4 - d shell, such as C and "~ "Ne have been well studied. There

iS however a considerable lack of data on nuclei of the f7/2-shell9

56 44Ti.th-erefore is an extemely

i.e. between 40Ca to Ni.
interesting nucleﬁs to study. Theoretical calculations have been
made on closed shgl}mplus four nuclei using all models postulated
SO far=the.shellwmodel,;fhgbg¥9ha.particle model, the collective
model, even the now fashionable ‘pairing force' model. In the
lpairing force -model, calcﬁlations reported thus far are only on
correlations between ﬁwo identicai particles. One expects that
neutron-proton correlation wo&ld also be important. Further that
four particle corfelations must also exiStiin the nucleus, contri-
buting to the limited -success of thé-alpha pafticle model. Some
calculationé on n-p correlations have been carried out.

44Ti was discovered (1) in 1954 and subsequent work
has been confined to the measurements on the decay of the

44

nucleus i.e. study of levels in Sc. Using the measured half-

44

life of the decay, and assuming the spins of the relevant Sc

44 44

‘state, the ground state mass difference Sc = "'Ti has been

estimated as 160 KeV. However doubts regarding the half-life
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of **7i and the level scheme in *¥sc make it difficult to estimate

the mass life to any degree of accuracy by this method.

Investigations of the nuclide 44

44

Ti by nuclear reaction
methods is not easy because ' 'Ti is very inaccessible. The only

possible reactions that may be used are:

Wea(a, v 11 0 =5.235

42ca(’He, n )H41i Q = 5.979
43ca(Cue, 2n)tTi Q = - 19.5
4605 5, t )¥Ti Q= - 14.12

With presently available facilities only the first
two are feasible. |

44‘1‘1 using the readtion4OCa(O§,OL)4OCa

Investigations of
"has been made. This method gives the excited states of the
nucleus from about-8 MeV to 11 MeV. The second phase of the

program would be to study the gamma de~expitation of the nucleus.

Apparatus

The scattering chamber has been described in a published
paper (2). Eive ORTECrsurface barrier detectors of depletion
depth 500 and 300 microns were mounted 15 cms away from the
target. Oneldetectof was used by the accelerator operations
crew to monitor the beam on target and so ad just focussing condi-
tions. The signéls_from the detectors were fed through low |

noise preamplifier-amplifier systems to the inputs of a TMC 400



channel'anglyser, It was therefore possible to record spectra
from four deteétofs.simultaneously.' Correction for dead time
of ihe aﬁalyser was made ih;the usual ménnér.

 'The targéts-usedrwere natural caicium oxide evaporated
on to thin self“subportingrcarbpn films. ‘It wés estimated that
the thickness of the cérbon was about 40 micrqgrams/cmz° It was

not found necessary to use separated 40

Ca isotope because the
sq};d spé;é_det?gtér is,a?l?,Fd resolve the elastic scattéred
peaks from the different calcium isotopes.

T@e targets were found very stable and could suffer

continuous bombardment of more than 1 microampere without rupture.

Results:
Spectra from the detecfors printed out by the analyser'
were plotted. Fig. 6 shows a typical spectrum. The area under

the 40

Ca peak was then measured. Similar measurements were made
at intervals of 10 KeV from 3.5 MeV to 5.5 MeV. After correction
for dead time, én excitation function for the elastic scattering

of alpha from 40

Ca was computed (Fig. 7). . The results are still
being analysed and the excitation function at three angles should
be measured before long-

The resonance behaviour of the excitation curve
- indicates that analysis of this data mus obviously be carried
out in terms of compound nucleus theory. The theory of Blatt

and Beidenharn (3) has been used for the analysis. However,

their final expression is for a single isolated resonance only.
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Here several closely spaced resonances are found, and multilevel
theory involving several resonance. is required. Using the CDC-

3600 to tackle complex numbers it can be written.

£0) =~ 2 Cosse® exp [22 (6= 7 b S 2)]

J:CH(Q). = "’ X n,'/a.i_- CJQ:“‘").IL(“\’ ;“;'52“ 2x fo 343%&)%'(83}
- L=
f (9) _ Z(-U v"(lﬂ.‘, )7"((50'3 Ms\QsTM)'
S8 ms s T M (L \A'su"s';y m)

L,
(55857 Yy ee

' : 6'\ ss’ ! U
where ‘( RS 9, S{

e - lw\ww\w_a QMLMWNLM o».%mo-e»r—
Z 2, 2, 2" _ ZaZ, e
&Mv 2 r?-

v
6. 03 - CMQML- sm\ﬁ'm@ ?m,. mjws

¥

There may be several terms for the type {RLS) depending on
the number of interfering reéonanceé in the energy raxige~ fed
into the computer. A éearch program is being written for the
computer where in the selected energy rénge which cbntains

for example, two resonances, the computer selects two J 9T values

out of. the range J. = 0 to 4 which if used in the dispersion .
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theory give best fit to the results. These two values are
printed out along with the best fit cufve for comparison. The
spin search program is being debugged and the spins and the

4oy

parities of most of the levels in the compound nucleus
yill bellabellea soon. The values of EQ and {“ for each
resonance has to berfed into”the computor.' This is done at
present by direct ﬁeasurements on the excitation functiop but

it is proposed to write a program for the analysis of an exci-

tation function into a series of Breit-Wigner curves.

References:

(1) R.A.Sharp and R.M.Diamond, Phys. Rev° 93, (1954), 358.

(2) N.Sarma, C.K.Kumar and K.S.Jayaraman, Nuclear Physics,
44, (1963), 205..

(3) J.M.Blatt and L.C.Beidenharn, Rev. Mod. Phys. 24,

(1952), 205..

2. A 3tudy of Nuclear Reactions,resulting‘from-Proton Bombardment

Qf~27Al;- Joseph John, S.S.Kerekatte and M.K.Mehta - Proton

27Al with a bombarding energy above 4 MeV would

amount to an excitation energy of about 15 MeV in the 2881

bombardment of'

nucleus. Generally, it is expected that at energies as high

as this, the level density would be so high as to make the
statistiéallmodel of compound nuclear reactions valid. 1In such
a case excitation curves would exhibit a smooth nature. At the
other extreme, if the excitation energy is low enough one would

be exciting only one or a few levels at a time, and the excitation
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curves would exhibit the familiar phenomenon of'resonancesf
During the last five_‘years9 a phenomena calied the Ericson
fluctuations has been ascertained which is exhibited by excita-
tion curves, taken with high resolution in the so-called
'statistical' region.

The 27Al(p‘, p' Y ) experiments performed at this -
laboratory showed 'resonances' in the excitation curves, and
the present experiment was undertaken to investigate fhe’hature
of these reéonances°

Thin self-suppofting targets of 27A1'were prepared by
evaporating aluminium on to glass slides previpusly coated with
| NaCl,,and.by floating thé aluminium film off the glass slideél
in water. The target thickness was measured to be about 9 KeV
for 2 MeV protons. This measurement was done by observing the
shift in the 7Li(p9 n)7Be threshold when.the protons passed
through the aluminium target before hitting the.lithium target.

These targets were mounted in a cylindrical chamber
designed to take solid state coumters. The excitation curves
were obtained by using two solid state counters simultaneousiy
the outputs from which were fed into a TMC 400 channel analyser,
after suitable amplification. The elastically scattered protons

from 27a1, %0, 8 '2¢ as well as the K+ Pys Py and Py groups

from the reaction 27A1(p, OL°)24Mg, 21 )27Ai*;
2 2 2
Ta1(p, Ps) T

Al* and 7Al(p9 p3)27A1* respectively, could be
easily identified in the resulting particle spectra.

Al(p, py
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'Exéitation curves were evaluaﬁed_for the P , O, and
P3_groups at 90° in therlaboratopy and the Po and OC, groups
gt 150° in the labo:atory fqr a_bopbardingrenergy range of 4
to 5.5 MeV. The resulting curves are shown in Figo'S; The
energy step was about 5 KeV. All the curves-show a relatively
§h§ry'§pyggtur§f 'Inlganyrcasgszﬂa"resoqance‘ appears in all
the channels and at both the angles. There gfé a number of
qualijative criteria which“can be applied to determine whether
rthese 'resonances’' are real.resonance effects and do represent
1" /D which is small (T?~s 20 = 50 KeV, D As 200 KeV) or they
are the fluctuation; yhich,E;icsqnﬂdescribgs.

Fi?st,:there is the energy cqrrelapionryetween vafioﬁs
channels andmangles,.which éhould beabsent'for”fiuctuations )
and present for rgsonanceé, In the present work the enefgy
éorrelations.do exisL,for many 'respnances'°

| If.tﬁere are resonance.effects, thg angular_distri-
butions measured én p?ominent,resonances could_bg anglyzgd.in
terms of the (J,1T') values-of one or mdreineighboﬁring levels
in the Qompound.nucleus, which could contribute to a single
resonance. Although the actual calculations for such an
\analysis are quite cumbersome, they Qould be done with a fast
digital computer. With this aim in mind, six angular distribu-
tions were measured at six prominent resonances marked 'A' in
Figu'8: These angular distributions are shown in Fig. 9.- The
lack of symmetry about 90°, in general may imply_levels of

opposite parity, if these are resonances.
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A proper fluctuation analysis for-the excitation
curves and a resonance analysis of the angular distribution
havé_to be done before any definite conclusions-can be reached,
but qualitatively speaking it'is possible that the data represents.
the 'resbnance' region as against the "fluctuation' region of

28,

excitation in the compound nucleus Si.

3. Analysis of the Reaction Type ( X , d) - B.K.Jain and N.Sarma

= The angular distribution of the nuclear reaction of the type

( 0;; d) has been calculated on.the plane wave Born approximaiion )
theory assuming that both 1igh£ particle stripping and heavy
particle stripping processes occur. The intereference between

the two processes has also been taken into account. TheJangular
distribution has been computed for the reaction;lqﬁ(cx,,d)1zc

and the results compared with the available experimental data.

This work is now published in Physical Review,137 (1965)
800. | ' '

4. Proton-gamma angular correlation in the reaction 19F(o&,pj{)2?Ne-

M.A.Eswaran, N.L. Ragoovansi and P.C. Mitra - Gamma-ray angular
correlation experiments play a major role in_the study of low-
lying states in nuclei. For measuremen t and-anélysis of 'gamma-
ray angular éorrelations for the study of~staf;s“excited'in_
nuclear reactions, Litherland and Ferguson (1) have developed

two procedures which are independent of any'a;sumption regarding
reaction-mechanismso Hence these methods are particularly
sulitable in cases»where a. number of overlapping levels in compound

nuc leus are excited or when the direct interaction type of
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behaviour is dominant. The first procedure involves triple
correlétion measurement of two cascade gamma rays from the decay
of the states in the residuél nucleus. In the second procedure,
the outgoing particles in a nuclear reaction feeding a particular
state in the residual nucleus are detected,ét zero or 180° to the
beam in a small countef and the angular correlation of the subse-
quent gamma ray from the deéay of the state is measured. 1In this
case,; the magnetic .substates which can be populated in the staﬂe
of the residual nucleus; is limited by the spins of the target
incident and.outgoing particles and the analysis involves only
the magnetic substate population parameters and the multipolarity
of the gamma radiation and the spins of the states involved in
the residual nucleus.

With a view to study low=lying states in light nuclei
excited in nuclear reactions by usingAthe second method described
ébo?e, an apparatus has been set up containing the following
three major parts:

1) A target chamber, with proVision for mounting semi-
conductor charged particle detectors, solid targets and suitable
tantalum apertures for collimating the incoming charged particle
beam. The angular position of the detectors can be varied in the
reaction plane.: Introduction andbremoval of absorbers in the
path of the detécted particles, without breaking the vacuunm

are also f’acilitatedo



$22:

2) A gamma ray angular distribution table which enables

a4 in. x 5 in. NéI(Tl) gamma detector with associated lead
shielding to be rotated in the horizontal plane about a vertical
axis passing fhrough the beam spot on the target in thé target
chamber. |

3)A " An electronic fast-slow coincidence system with resolving
time of 200 nanoseconds suitable for detecﬁing the charged particles
and gamma rays in coincidence with provision to record the random
coincidence and true plus\random coincidence spectra simultaneously
in different parts of the memory of the TMC 400 Channel Analyser.
This is‘achieved by the use of two identigal fast-slow coincidence
circuits.

Using the above apparatus; proton-gamma angular corre-
lation measurements were made on the reaction 19F( o >p Y )‘22Neq
Fluorine target was preparéd by evaporafimg calcium fluoride
approximately 400ln770m?) on 0.0005 in thick Nickel foil. 5.3 MeV
He+ beam from the Van de Graaff Accelerator was well collimated
by two 1.5 mm diameter tantalum apertures 25 cﬁo apart, the
aperture nearer to.the target being a% a distance of 7 cm from it.

The beam is stopped in the target backing and the protons from
‘ 22
)

. the reaction 19F(O(,pf{ Ne are detected at zero degree to the

beam in an ORTEC éurface barrier detector of 3050 Ohm. cm.
resistivity operated at 150 volts bias. This proton detector
was at a distance of 40 mm from the target and was subtending

a half angle of 5° at the target. The front face of the NaI(T1l)

gamma detector was at a distance of 16 cm from the target.
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Gamma~-ray spectrum, detected in coincidence with
sglected proton group from the particle detecfor was recorded
in the first quarter of the 400 channel analyser, the random
coincidence spectrum being recorded simultaneously in the second
quarter. Such spectra were recorded for various values of e,
the gamma counter angles with respect to the incident beam.

The counts in the® selected proton group served as the monitor.
These observations were recorded for the range of © value 0°

to 100° in steps of 10° by seléctidg in the gate of thke coinci-
dence system, the P4 pfoton group feeding the first excited |
state of °°Ne. Similar observations were also recorded in the
range of 06 to 90° in Steps of 10° by selecting in the gate,

the p2 proﬁdn groﬁp feeding the sécond excited state in22Ne°

These p, gamma and p, gamma angular correlation
observation recorded with the proton counter'at zero degree
are presently being analysed with the analysis procedure developed
by Litherland and Ferguson (1) which is independent of any
assumption regarding reaction mechanism as mentioned earlier.
Reference ‘

(1) A»EoLiﬁherlandrand AoJoFergusdn, Can. J. Phys. 39 (1961),
788. |

5. A Distorted Wave Born Approximation Calculation for (SHe,Q)

Reactions - B.K.Jain and N. Sarma - A theoretical expression for
the differential cross section of the (3He, p) reaction has been
developed for a direct interaction two—hucleon transfer process.

Distorted wave Born approximation theory has been used with a
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Gaussian form for the direct interaction poﬁentialw The calcula-

tions have been programmed for the CDC 3600-éomputer and the

results compared with available experimental data on the

40Cak3He; p)425c rééctiono

6. Study of Elastic Scattering of Alpha Particles from 6Li and

24Mg - D.K. Sathe;, M.K.Mehta and S.S.Kerekatte - Preliminary

excitation curves have been obtained for the 6Li(¢7L, ap)6Li
reaction at two angles using‘sqlid state detectors. A few
charged particle spectra of the reaction products where natural
magnesium targets are bombarded with ol -particles have been

obtained.

7. Study of Reaction Mechanism in 37Cl(pj n)37Ar - K.V.K.Iyengar,

S.K. Gupta, B.Lal and E.Kondaiah - The (n,Y ) angular correlation
measurements on the first excited state\of 37Ar in 3'—{C].(p‘,'1'1".)37Alc°
reaction reported in AEET/NP/B (1964) were continued. Measurement
of the (n,'yﬁﬁ angular correlation was performed at Ep = 4,3 MeV.
The correlation shows slight deviation from both isotropy and
symmetrylaround 90° in the centre of mass systeh (Fig. 10). The
deviation is fél£ ﬁotbe el ther due to contribution from direct
interaction prbcesses of.nbn-fulfilment of the continuous
assumption for the compound nucleus formed.

The yield of the 1.42 MeV gamma ray in the above reaction
was measured in the proton energy regiOn 3.2 to 4.8 MeV and shows
two broad mexima at E = 3.7 and 4.3 MeV (Fig. 11). The excita~

tion curve for 1.42 MeV gamma is similar to the excitation curve
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in the region E_ = 3,2 to 3.9 MeV for neutrons leading to the

p
1.42 MeV level in 37Ar in‘the same reactién reported by Barrard
°t al. These measurements mave been extended upto Ej = 4.8 MeV.
The aﬁgular distributions of the néutrons'to ground

staté of 37Ar in the same reaction have been measured at proton
energies of75,127543 and‘5.5 Mgvy _ The se distributions are
neither isotropic nor symmetric around 90°csm(fﬁg. 12) and
appear to depend upon proton enefgy in a significant way-.

The data are under further analysis.

8. Study of 19F(0l, n)22Na and TSC(CX., n)160 Reaction - K.K.
Sekharan, S.S.Kerekatte and M.K. Mehga - Measurement of absolute
cross section of (OC, n) and (p, n):readtions yields- valuable
information. For example, the proper?ies of the compound nucleus
are studied by analysing the energy dependence of these cross
sections. To interpret the reaction ﬁechanism it is necessary
to know the tdtal reaction cross section and below the Coulomb
barrier the ((X , n) and (p, n) cross section from a large frac-
tion of the total reaction cross section. Using a 471 counter
(1) for absolute reaction cross sectién measurement has the
advantage that the yield curve will be characferistic of the-
resonance levels in the compoﬁnd nucleus. The.levels in fhe-
residual nucleus will not contribute significantly to the

resonances in the yield curve. This method was used for studying

the 13F(CL, n)22Na and 13C(O&, n)160-.re_actions°
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Experiment:

Accelerated alpha particles were obtaiﬂed from the
5.5 MeV Van de Graaff Accelera&coru The targets were made of
spectroscopicaily pure CaF2 evaporated on a thick tantalum
backing. The targets were about 10 KeV thick for 3 MeV alpha
particles. The-4TT Neutron Counter has been described earlier
(AEET/NP/8).

The excitation function of 19F(c(,9 n)22Na has been
measured from 2.4 to 5.5 MeV and is shown in Fig. 13. Readings
were taken in steps of 6 KeV in low energy region and 10 K?V
ih high energy region. The ﬁhreshoid for tﬁis reaction is about
2.36 MeV° The yield of neutrons at threshold is low and hence
'it was masked by the background neutrons from the carbon conta-
mination on the target. Separate investigations have been made
to establish that the background is due to the 2C( X , n) 20
reaction neutrons. Arrows in Fig. 13 show the position of peaks

from this reaction. 19F( oK. s n)22

Na reaction has been earlier
studied by Williamson et al. (2) upto 3.5 MeV using a modified |
long counter. There is a general agreement in spacing and peaks
in the two data. The fact that different types of counters are

_used limits the scope-for éomplete similarity in the two sets of
curves.

The excitation function of 13C(Cx.9 n)160 reaction
has been measured from 2 to 5.5 MeV using an enriched carboan=13

target on thick tantalum backing. . The target was obtained from

Atomic Enérgy Research Establishment, Harwell. The relative
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yield from the six inner cognters is shown in Fig. 14. No
épy;ggpioﬁ has been made for the variation of efficiency of
counters with neutron energy. The graph shows 19 resonances
in this region many of which are well separated. The positions
of peaks upto 5 MeV agree within 20 KeV with the earlier measure-
"ment by Bonner et al.(3) using a modified 1ohg counter at 0° -
10° and 80° - 100°. Two more peaks are observed above 5 MeV.
There is a reversal in the relative yield of peaks at 2.27 and
2.4% MeV compared with the data obtained by Bonner. This shows
a strong forward peaking in the caseiof resonance at 2.43 MeV.
The incréase\in the neutron yield above 5 MeV is due to the
reaction 13C(_cx, 5 n)160# leaving 60 in the first excited state.
Data has just.been obtained to determine the absolute
cross sections of these two reactions. Théy are being analysed

23

to correlate with the levels in the compound nuclei Na and

o,

References:

(1) J.B.Marrion et al.,Nuclear Instr. & Methods 8 (1960), 297.
(2) RsM.Williamson et al., Phys. Rev. 117, (1960), 1325,

(3) T.M.Bonner et al., Phys. Rev. 102 (1?56), 1348,
[

9. Long Range Alpha Particle. Emission in the Fission of U-235-

by 3 MeV Neutrons - V.A. Hattangadi, T. Methasari*, D.M.Nadkarni,
R. Ramanna and P.N. Rama Rao. - The emission of charged particles

of long range has been observed in spontaneous fission as well

* TAEA Fellow on leave of absence from the O0ffice of
the Atomic Energy  for Peace, Bangkok, Thailand.
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as in fission induced bydifferentprojectiles (1). - In almost
allrthesgrcase§ the”qharged-particles have been identified as
alpha particles. This fission process is known as ternary
fission. The probability of tefnary fission is very low and

the reported values of the'relatiQe probabilities of binary to
ternary fiSsion.are ﬁot in agreement with’eéch other. An under-
standing of this ternary fission phenomenon gives information
ébout the scissionrstage in the_fission process. To,study the
mechanism of emission of the long range alpha particles in fission,
inveétigations have been carried out in the fission of U-235 by
3 MeV neutrons to obtain the enérgy spectrum and the angulér
distribution of long range alpha particles with respect to the
incident»neutron direction. 3 MeV neutrons were used bacause
second chance fiésions are energetically impossible and do not

-complicate the angular distribution.

Experimental Arrangement and Method:

| The experimental arrangement is shown in Fig. 15.
The three solid state detectors were used to detect the iong
range alpha particles emitted in coincidence with fission frag-
ments. The fission'fragﬁents wefe detected by scintillatiohs
produced in Xe gas and were observed by a photomultiplier tube.
- The detecﬁo: D{ was.placed close to the target so as to detect
all the alpha particles emitted in the backward hemisphere.
Tﬁo detectors D2 and Dsrwere used to detect thé alpha particles
emitted at 0° and 90° with respect to incident neutron beam.

The alpha particles were detected with an angular resolution



+ 18°. The Xe gas pressure was about 2/3 atm. which was suffi-
01ent to stop the fission fragments and natural alpha partlcles
from reaching D2 and D3' The uranium target was made by electro-
plating U-2%5 on an Al. backing of thickness 10 Mg/cm2° The
thickness of uranium coating was about 1 Mg/cm2 over an area of
aboﬁt 2 cm2. The Al backing was of sufficient thickness to-stop
fission fragments and natural alpha particles from reaching D1.

3 MeV neutrons werelproduéed by T(p, n)SHe reaction using the

5.5 MeV Van de Graaff Accelerator, Three charge sensitive
pre—-amplifier and amplifier systems were used to amplify the
pulses from the detectors and were récorded by a 400 channel
analyser.

Results and Discussion:

The anisotropy N (O°)/N (90°) was found to be
1.32 + 0.12 and 1is .in agreement with that predicted by the
Statistical theory (2). According to this theory the angular

distribution of evaporated particles is given by

' O(L___L._.z_ '
N(e) ~ | + X1 X cost®
;l
where fz is the average angular momentum of the compound
nucleus, |
.12 is the aﬁerage angular momentum of evaporated
. particles,

A = n2/2JT, where J and T are the moment of inertia
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and temperature of_the compound nucleus. fg'and 1€ were
calculated using the sharp cut-off approximation.ahd OCL was
calgglated gsingnﬁhg"vglue oerozmobtained from an analysis
of angular distribution of fission fragments (3). The éxpected
anisotropy is of the order of (10 - 25%) depending on the value
- of QY:, to which parameter this value is very sensitive.

‘'The energy spectrum of the alpha partlcles has been
corrected for loss in Al and 1is shown in Fig. 16 together with
“that in the case of thermal neutron fission of U-235 (4)@_ The

_ spectrum of particles evaporated from a nucleus is given by

N () A Bx ~ Comdhr Exop (B) W (B ELN A E

where G'E(E) is the cross section for the inverse reaction,
E* is the excitation energy of the compound nucleus, and
Qb (E¥ - Eyx) is the level density of residual nucleus. The

nuclear temperature T is given by '

i | [QLE—E)]

T & (E Ewx)

and can be obtained by plotting ﬁ [N (E>/EO—.(EQ‘)] Vs E

Using the numerical calculations of @~ (E) for a spherical

nucleus with W(; = 1.2 fermis, it was found that the high energy
part of the alpha spectra in 3 MeV and thermal neutron fission
of U-235 correspond to temperatures of 0.76 + 0.04 and 0.66 + 0.03%

‘MeV respectively (Fig. 17). The peak of the alpha particle
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spectrum is 3 MeVVneutron fission of U-235 was found to be at a
slightly higher energy compared to that in thermal fission of
U-235 (4) and also. the width of the spectrum in the former case
was found to be smaller. These differences are probably due to
the relative higher temperature in the former case. .The relative
probability of binary to ternary fission is found to increase with
excitation energy of the compound nucleus and is in agreement
~with the result of previous measurements (5). This.increase may
be due to competition between the modes of evaporation of alpha
particles and neutrons in’the fission process.

The results of the present investigation support the
hypothe51s that the long range alpha particles are evaporated
from the compound nucleus prior to scission (6)

References:

(1) N.A.Perifilov et al. Soviet Physics Uspkhi 3 (1961), 542.
(2) T.Ericson and V.Strutinski, Nucl. Phys. 8, (1958),

(3) J.E. Simmons and R.L.Henkel, Phys. Rev. 120 (1960), 198.
(4) C.B.Fulmer and B.L.Cohen, Phys. Rev. 108 (1957), 370.

(5) R.A.Nobles, Phys. Rev. 126,(1962), 1508.

(6) R.Ramanna, K.G.Nair and 3.5.Kapoor, Phys. Rév° 129 (1963),
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10. *%a(n,ct )>A Angular Distribution at E_ = 4.7 MeV - S.M.

Bharati, U.T.Raheja, BoLal, P.N.Tiwari and E.RKondaiah, Tata
Institute of Fundamental Research,'Bombay - A gas proportional

counter teléscope, which has been described earlier (1), was used
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to study the energy and angular distribution of alpha particles
arising from Ca(n,g()A reaction at B = 4.7 Mevf VA tritium
target bombarded with 5.5 MeV prdtohs in the Van de Graaff Accele-
rator was used as the source of neutrons.

The dE/dX spectrum of alphas from the counter nearer the
source, gated by the coincidence pulse dé%éved from both the

counters was observed on a TMC 400 Channel Analyser. An‘241

Anm
course was used for testing and calibrating -the telescope. The
energies of alpha particles giving rise to the obsérved pulse
heights could be assessed by meansrof standard»range energy curves.
dE/dX pulse height spectra (energy distributions) were
lobtained at angles 0, 30, 60, 120, 150 and 180. Figs. f8 and 19
show two typical dE/dX spectra. Table I will serve to predict
the levels of 37A corresponding to the three groups A, B and C.
from the tabular column, it is easily seen that group
A cOmpfises of gopd.state alphas, group B consists of alphas
leading to first and second excited levels, while group C includes
alphas leading to third, fourth and fifth levels of >'A. These
levels could not be resolved due to the limited resolution intro-
duced by the target thickness and the counter.
Figs. 20 and 21 give the angular distributions of groups
A and B respectively. The total aﬁgular-distribution of all the

three groups is given in Fig. 22.
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Further work is in progress'in order to improve the

statistics and to get data at some more angles so that theoretical

curves could be fitted, for drawing conclusions regarding the mode

of reactions.

Reference:

(1) U.T. Raheja and E.Kondaiah

Proc.DAE Nucl. Phy.Symp. Bombay 255 (1963)



INSTRUMENT ATION

1. Multiple Coincidence.Systemu4 N.L. Ragoovansi, P.C. Mitra and

M.A. Eswaran - For use in the charged:particle gamma ray coinci-
dence experiments, an electronic multiple coinéidence system has
been built which is capable of extending the utility of\the TM™MC

400 Channel Pulse Height Analyser to that of tWo parameter analyser
by making use of the ;Gatti type 20 channel analyser. With the |
use of this system four coincidence spectra can be recorded
simultaneously effecting considerable reduction of accelerator
running time necessary for an experiment. An additional feature
incorporated in this system enables random coincidence spectrum
to‘be recorded simultaneously with the genuine coincidence spectrum,

thereby increasing the reliability of the data.

2. Ion Pumps - K.B.Nambiar and A.S.Divatia = A getter ion pump
in which titanium is evaporated by electron bombardment has been
built and incorporated in a metal system. A stainless steel
pump chamber,'S%" I.D., 7/16" wall thickness and 7" high forms
the pump body. The chamber can be baked and then efficiently.
cooled by cifculating water through grooves cut on its outer
walls. The pump assembly is shown in Fig. 23.

Commercially available titanium in the form of a rod
1/4" diameter and about an inch in length is mounted axially
with respect to the pump chamber. A loop of tungsten wire,

10 mils thick, surroundihg the titanium anode forms the pump
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Instrumentation in the experimental area in the Beam Room
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filament. Initial pumping down is carried out by meaﬁs of an
\
0il diffusion pump connected through a liquid nitrogen trap.
‘ : :
An average current of As4 amperes is fed to the filament at

20 voits and the anode voltage is gradually taken to ;v103 KV
with respect to the‘filament. The pump chamber is baﬁed simul-
taneously and when titanium starts sublimating, thg system wnder
test is isolated‘by closing a baffle valve.

The lowest pressure achieved by the pump is ~.2 x 10" Tmm
of Hg. Pumping speeds for various gases have Been measured by
using the constant bressure me thod . Thé speed is comparable to
that of a mercury diffusion pump.

The péttern of chemisorption of different gases ih‘the
system is being studied by analysing spectrochemically a sample
of the titanium film recovered from the inner walls of the pump
chamber .

Another type of pump, viz. sputter-ion pump in which
titanium is sputteréd in a Phillips discharge assembly has been
built and its performance studied. The pump body consists of a
stainless steel chamber, 4" I.D. and 6" high. Titanium sheets
2% x 2" in area and 1/32" thick are mounted on stainless steel
supporté screwéd on to the top and bottom flanges and they form
the pump cathodes. The anode assembly censists of two concentric
cylinders of copper, providing large éurface area for the gettering

of gas moleciiles.” A solenoid provides thé_necessary magnetic

~field for the pump.
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The ultimate vacuum achieved by the pump is~~8 x 10"%mm

of Hg. The pump current vs pressure shows goodilinearity in the

range 2 )(}10-4 mm of Hg to 2 x 1072 mm of Hg .
3. Development of a Polarised 3He—ion Source - M.N.Viswesvariah
and N. Sarma - An arrangement is being set up‘for the study of

nuclear polarisation in 3He gas employipg the optical pumping
technique. The gas is contained in a pyrex bulb of 5 cm diameter
at a pressure of 0.7 mm of Hg. The bulb stays at the centre of

a helmoholtz coil, with 400 turns per coil. Light from a e
lamp containing helium gas at 4 mm pressure is excited by an

80 MC/S rf-oscillator of about 100 watts power. Under operating
'conditiéns, helium diffuses into walls and the pressure drops
significantly in small lamps after a few hours of operation. For
this reason all lamps are built with a chamber at ends to act as
reservoirs.

Light from ‘Ehe lamps should be circularly polarised. -
The polarising equipmént consists of a linear polariser and a
quarterwave plate.

Spectroscopicaily pure 4He gas has beeh used. The
pumping light is monitored by a lead sulphide detector SV61 Mullard
which has a good infrared sensitivity. The optical éignal at
1.08},., converted into equivalent electrical signal by the
phototube is handled further by a simple electronic qifcuitry
consisting of a signal comparator, a difference amplifier and

a Honeywell recorder.. In the study of polarisation, change in
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_absorption from a polarised state to an unfolarised state is
observed by destrqying,'thg pqlarisatibn using an r.f. magnetic
field available from an r.f. coil fed from an r.f. generator
(Sanwa. type) supply upto 30 MC/s. The r.f. power is increased
using 616 power amplifier of the cathode follower type giving
r.f.power at 10 V output.

The building of the equipment necessary to study the
polarisation produced in pyrex bulb is nearly complete except
for the polarising equipment. A stabilised current unit as
supply for the helmoholtz coils is under construction. Auxiliary
equipment for photo detection consisting of phototfansistors and

amplifiers have been completed.

4, Electron Bombardement Apparatus for Preparation of Targets -

M.G.Betigeri, K.M.L. Jha and N. Sarma - Various pechhiques for
evaporation of target materials for the use in experiﬁents have
been developed° One of the oldest methods is the resistance
heating method. A boat prepared out of some material of very
high melting point is put across two electrodes. The material
to be evaporated is put ih the boai and under vacuunm bfrthe order
of 1 x 10™% mm of Hg, high current is passed, thereby heating
the boat. The limitation of sﬁch a method is the boat itselfo.
In the cas2 of materials like Boron, Calcium, the temperature
required is so high that the tantalum boat gives wa;y° Anot her
disadvantagé is that the current variatioh is not too fine,

thereby increasing the temperature of the boat suddenly.
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Another technique used is the electron bombardment
technidue, in which the heating is done by the electrons bombar;
ding the material to be evaporated. An.épparatus incorporating
this pfinciﬁle has been developed (Fig. 24). A heaﬁed tungsten
filament acté as a source of electrons. These are accelerated
by a -- 2 KV supply on the filament itself. The guiding of
electrons and a sort of focussing effect is rendered by a
tantalum skirt, kept at a relatively negative voltage compared
to the filament. A water cooled copper rod in the centre with
a section of the upper'face of the rod cut at 2° angle, serves
as anode and is at ground potential. The whole assembly is
mounted on é vacuum system. An ultimate vacuum of 6 x 10-’6 mm of
Hg has been reached on this system.

.The_supply to the filament is given through a 6.3 volts
transformer coupled to a variable autotransformer. The - 2 KV
supply is obtained from a special power supply. A block diagram
is shown in Fig. 25.

The slow but sure evaporation by thiS‘apparatus>

ensures very good uniformity of the target material evaporated.

5. Electromagnetic Isotope Separator - K.K. Damodaran, S.R.

Gowarikar, R°Suryanarayan, V.N. Jayaraman and FnRoBhathena -

The machine went in operation (1) in thé month of February 1964.
For the.first few months, the machine was run mainly to study
separat ion of.Neon, Argon and Krypton isotopes. It was found

that good separation takes place for Neon and Argon. The
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separated isotopes were collected on Aluminium foils, but_it
was not possible to assess the enrichment and the quantity
collected. During the latter half of the year, separation of
Zinc isotbpes_was tried by vapourising zinc granules in the

24

ion source chamber. Recently a gold foil with Mg deposition
on it was prepared.

Reference:

(1) Van de Graaff Laboratory Progress Report,
A.S. Divatia, AEET/NP/8

6. Twenty Channel Pulse Height Analyser - Joseph John, P.C.

Mitra and S.G., Shukla - A twenty channel Gatti type pulse height
analyser has been built and tested. This has been used for

experiments with the Van de Graaff Accelerator.

T. A Counter for Fast Neutron Dosimetry - K.B.S.Murthy, G.

Muthukrishnan and C.M. Sunta = A fast neutron counter has been
developed (1) such that its energy response varies inversely
as the current values of maximum permissible flux of fast neutrons
of energieé upto 14 MeV. |
Reference: - | ,
(1) K.B.SUMQ££3§;%G;Mﬁ;hukrishnan and C.M.Sunta
AEET/HP/D-1 (1964)



LIBRARY

- The"Phyeics and Mathematics Section of ‘the A.E.E.T.
Liorary.ie_loceteq’in theVVenroe Graaff Laboratoryo” The library
has been re-organised du;iqg_the yeer and a few shelvesradded to
accommodate a number of volumes receivedo The library provides
facility for inter-library loans.‘

Books and Periodicals - The library has a collection of 2104

books including 360 received during this period and 1362 bound
volumes of periodicals.

About 40 journals are ;egularly sent to the Scientific
Information bfficer, Atomic Energy Establishment Trombay for
abstracting. | |

indian Nuclear Data Group - All INDSWG and I.A.E.A. publications 3

are catalogued and kept in the library. A list of these.afe
sent to various laboratories end Scientific institutions from
time to time. These publications can be borrowed through the
Van de Graaff'Library,'

Catalogue ~ A catalogue of periodicals held in Van de-Graéff

| Library, has been compiled which is a valuable reference manual.

Photo copies - A dark room facility with an enlarger is now

available in the building. The gadget for making photo copies
is onder-fabrication. It will be possible to supply photo

copies when this work is completed..



