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1. INTRCPUCTTION

¥hen non—-condusting sclids are exposed to vacuum ultra-viclet or scft
s~ray radiation, electrons may be ejectad, and often both thase electrons
and the residual positive holes can bacome pemm trapped, ‘The
resulting centres are generally paramagmetic, and may be detected by
alectron spin resonanse methods. A project to study radiation damage
affeces in a varlety of materisls, woing synchrotyon radiation, was

approved in 1973,

The essence 0f the experiment is to irrediste & series of chemicals
with light of different wavelengths so as to produce radiation damage:
thersafter to detect the presence of radlation-indused centres using a
highly sensitive elesctron spin resonance (B.s.r.') spectrometer. The
trapping of the damage centres 1s temperaturs dependent, necessitating
that the cdhemical sapples be held st low temperature (diguid nitrogen
temperature, ?7“"10 durdng and subsequent to the Irradiation, so as o
preserve the damage centres for extended pericds. Warming of the samples
to reom temperature generally allows recombination protesses to ovcoour,

with consegquent digappearance of any demage signals criginally present.

his memcrandusm describes the apparabus budlt for this research
project, and records the oparating procedures used in carrying out the
experiment at the Daresbury Laboratory Synchrotron Radiatlicon Facliity

(SRE} .

2, EQUIEMENT

2.1 Cryostat

The crycstat comprises a vacuum vessel, in which a sample holder is

mounted which can be gosled to iiguid nitrogen temperature. The cryostab

was designed in conjunction with My, lan Herbert of the Oxford
Instrument Oo, Ltd., and manufactured by Oxford Instruyments., Figure 1

shows the salient features,

The male body of the 12.5 em dlameter ouber vacuum case is made of
stainless steel, and Carries three FUSC and one FC38 wacoum flanges which
are set at 90° to each other. These radial fianges are used for

evacvation or ifirradiation purpcses,

The cryostat has bwo concentric liguid nitrogen vessels, both of
which are made mainly of stainless steel. The outea;: vaggel tekes the
form of an annulus of outer dameter 11.43 o, and inner &lameter sbout
3.1 cm, It 1s supported and fad by three nitrogen ports which are vacoum
insulated across the top plate, and has a capacity of about 1,2 litraes,
The inner wall of the annulus 15 made of %.1 cm copper tubing, and extends
to meat & copper support. This suppoert is in turn partly located and
supported by a stainless steel tube which is seated in & nylon bush, which
fits into the botiom plate of the cryostat. The copper support has two
radial holes for ectess of radlation to the samples and helps to provide

a stable thermal envircnment Ffor the samples,

The inper nitrogen vessel has a capacity of about ¢,12 litres and is
fed by a stalnless steel tube which extends througk a 5.1 om dlameter neck
in the top plate to the very top of the cryostat. The ftop of the neck has
a demowntable flange which allows the complete insert to be removed. The

main features of the insert are the following:-

{4} a vacuum insulated nitrogen £111 point which includes a notch to

act as & “keyway";



(ii) a hexagonal nut with internal thread which, in conjunction with

a thrust bearing, is used te locate the insert vertically;

{iii} a sliding double O~ring seal with a pump-out access Facllity
betweer the O-rings. This gives the néceﬂﬂary freedon for ver—
tical and rotational motion of the insert, and the pump-out
facility can be wsetl as a saflegunrd against leaskagse past the

O-rings;
{iv) the inner altrogen wessel and support tubwg

{¥) the gold-plated copper sample bholder, This allows up to 18
samples to he garried, in individual recesssas arcund its olr-
~ comference. The holder also has & single dlametrically-drilled
hole through it to allow radiatlon to traverse it for alignment
purposes. The holder is demountable, but in use is held in con-
tact with the lowsr edye of a hollow gopper rod which forms a
downward extension from the lower end of the ioner nitrogen
reserveir. QContact is melntained by a spring and retaininy rod,

while locating pins align it radially:

{vil & spring-loaded cover cap or shroud, When the insert is Llfted
out of the outer vessel, the spring extends to its neutral posi-

tion so that the shroud lopgates over the gample holder.

The topmost portion of the insert serves as a spindle for a gear
wheel which is5 attached %o it by two grub s¢rews. The gear whesl, of
107 mm outside diamater, has 100 teeth, and carries a 360° circular scale
on its uppe; face. The insert can be made to rotate about its axis by
seans of a Rank-Pullen type 18/50 28 volt d.o. electric motor, an

5.H. Muffett JOCC : 1 reduction gear, and a 30-tooth gear wheel which

couples to the lOO-tooth whetel., 1he rotaticnal position can be resd off
against a vernier scale fixed to the main body of the cryostat. By ilncrew
menting the scale resdiayg in unlta of ESG. successive gawples may be moved
into the path of the incident light beam. For twoe angular setbtings, 180%
apart, the diametrically-drllied channel in the sample holder lines up
with the beam; monitoring the pesk intensity of the transmitted Light
heam in this situ§txan permits a reference “zero® on the angmilar scale o

be determined.

of the‘four ports 90°mapara around the lower portion of the maln body
of the cryostat, one js used to admit the radlation, and the facing one is
used for the transmitied light beam measurement. This ls accouplished by
a "flonrescent converter®, a layer of sodium salicylate which has been
sprayed (in a methancl suspension) on the inside surface of a glass view-
port. Undey irradiation by wltra-viclet (uv) iight, thi; flooresces at
longer wavelengths (blue 1light) for which the glass window is transparent.
A photomultiplier (EMI 62562) held in position against the outside sur-
face of this window, and enclosed in a light-tight box, serves to measure
the intensity of the fluorescent light, and hence gives a signal propor-

tional to the uv light intensity.

2.2 Pumping Station

One of the four ports on the main body of the oryostat serves as 2
pumping port. COonpectlon Is made wia bellows and an elbow piece to a high
vacuun pumping station. The pumpling system was specially built by Vacuum
Generators Ltd. to a specification arrived at after extensive diszoussion
between Darasbury Laboratory and the Company. The system is shown in out-

line in fig.,2. It includes:



{i} & high vacuum section incorporating an Bdwards 10.2 on oll wvapour

diffusion pump and a CUTLOO liguld nitrcgen cold trap:

(ii} & rough pumping and backing sectlen, incorporating an Edwards

EB200 oil-sealed rotary pump, @ Fforeline trap and diffusion punp

backing pallast tank:

{141} sundry valves, pressure gauges {Pennlng, thermocouple, and capsule

dial}, bellows sections and pipeworky
{iv) 4an instrusent console and control panel.

The whole system ig mounted on a mobile mild steel frame which in-
wlodes a platform on whioh to support the oryostat., The frame fs fitbed
with four jacks, allowing it to be raised approximately 5 em above the
floor. FPurther small lateral and vertical adjustment of the cryostat
position is built into the mountling system by which the base of the oryo-
stat s attached to the support platform. Bellows sections in the wvaoums
system provide the necessary flexiblliity to permit these fine relative

adjustnents to he made,

The test specification of the pumping system alone was a base pres-
sure of 1 x 10~7 torr or bhetter, with the cryastat not attached. A Se-
goription of the evacuatlon gyols and sode of operatlion of the punplng

systam is given later.

2.3 Liguld Nityxogen Filling Systesm

Three reserwoirs regquire ligquid nitrogen, and to maintain thess cold
throughout an experimental run of two or three days, an auwtomatic £1iling
system was devised hy members of the Daresbury Laboratory Cryogenlics

Gaction. This is outlined in fig.2.

The llegulidl aitxogen supply origlnates in a 18D litre storage dewar
which has a back pressore of 2 to 3 psi over atmospheric pressire maln-
taired hy a nltrogen gas bon?le and a 3 psi release valve foxr any excess
pressurs., Flexibie, double-walled Filling tubes (with evacuated inter-—
space} ran £rowm the supply to the three regservolrs {cold trap on punping
station, and two reservolrs in the experimenta) cryostat}. Each supply
line has a Léquid‘aimrogea valve. The opening and closing of each valve
ts controlled from liguid level sensors in the respective reserveirs. Twe
sengors are ewployed in sagh reservolr, for the upper and lower liguld

levels respectlvaly.

The £illing system works reasonably well for the puter cryostat
reservolyr and for the dlffusion pump trap, both of which have three
inlets/vents, However, despite much effort, a rellable way of automati-
cally £illing the isner oryostat remervoir has not been f&und. The fact
that the pentral trap is of amall capaciecy and has only one narrow £411~-
ing aperture wmeans that there lg a lot of turbulent bubbling of liguld
nitrogen when it is belng filled. Dduring the £illing coycle, such turbu—
lence can cause the upper detector to be surrounded with liguid mosentar-
11y, and cause the liguld supply to be switched off prematurely. Also,
the switching levels of the liguid sensing dicdes seemed to drift appre-
ciably with time for no accountable reason. In practice, the lnner cryo-
stat trap ls £llled by hand from a small thermos £lask every 3-4 hours.
At these times, opportunity ls taken to manually trigger off the £1lling
cycle of the outer cryostat trap., This can be initiated by momentarily

sherting out the diode in the lower liquid level fetection circuit,

It is found that after one filling, under good vatuum conditions,

neither of the oryostat traps runs dry over a 54 hour perdod, and the



sample temperature is held low throughout. The temperature of the sample
holder was found to be less than 80%K prior to irradiation. Exposure to
the synchrotron light ig not expected to increase the sample temperature
significantly. The trap on the pumping station has a holding time of up-

wards of 12 hours.

2.4 E.s.r. Spectrometer

Radiation damage is detected using a Varfan EJ X-band e.s.r. spectro-
meter at the University of Laicester Chemistry Department. This instru-

ment will aot he described heve.

3, EXPERIMENTAL PROCEDURE

3.1 Sample Preparation

The chemical samples used ave in the form of coylindrical pellets,
3 mm in diameter and 5 ¢o I mm long. They are prepared by compacting
finely ground powder in & specially designed press. The bottom half of
the press consists of a ¢vlindrical pliece of metal with a 3 mm diameter
hole drilled through its centre. The bhottom of the hole is threaded and
fitted with a bolt. The top part of the press is a long 3 mwm diameter
rod or "plunger”, which will move up and down within the hole of the low-

ar press.

Finely powdered chemicals of the highest availsble purity are placed
in the bottem die and campacted down by the plunger. The bolt of the bot-
tom die is then removed and the plungey Used to drive the pellet all tha
way out. When making pellets of differsnt chemicals the dies are careful=-
1y cleaned when changing chemicals., The first fwo pellets made from a
new chemical are normally discarded, This precaution is necessary because

much of the damage induced hy the radiation lies in the surface layers.

Up to elghteen of these pellets can be placed in the sample holder
for each experimental run. The same chemical can be exposed to light of
eighteen different wavelengths, or eighteen different chemicals to light
of the same wavelength, etc. The sample holder is then attached by the
spring and retaining rod to the base of the insert portion of the cryostat.
It is useful o note the approximate position of each sample with reaspect
Lo the gear wheel's 3607 scale, as this scale will laster be used in setting

up the sample positions inside the cryostat.

3.2 Setting-up

fefore introducing the insert, with attached sample holder, into the
eryostat, the c¢ryostat and pumping station are located in the right posi-
£ion in the Synchrotron Radiation Facility to recedive light from the exit

glit ¢f & monechromator. 'Two monochromators are used in thig research:

(i} & "normal ingidence" horizontally-dispersimg Wadsworth mounting, of-
fering a wavelength range from 250 to 5000 R. and a beam height of

1.52 m above the floor:

{45} & grazing~ineidence, wertically dispersing Mivake~West desiqn{}},

covering the wavelengths 40 to 400 S in four overlapping ranges. The
two shorter wavelength ranges have a beam height of 1.44 m, and the

twe longer wavelength ranges have a beam height of 1.3 m.

To apscomacdate these different beam heights, the vacuum plpework of
the pumping system includes 2 removabla section in the vertical portion
connecting to the cryostat, and the platform on which the cryostat rests
has a removable spacer, and fine adjustment scraws. Plexibility for small
lateral and vertical movements is provided by ballows sections in the

high-vacuum line, In addition, the ¢oupling between the monochromator



exit port and the cryestat front port is made with a short bhellows sec-
tion. It is important to sinimise the distance between crycstat and mone~
chramatoy because the divergence of the light emerginy from the exit slit
of the monochrosator reduces the light intensity on the semple the fur-

ther it Lls away.

In order o set the hejght of the cyyostat to match beam height, it
is convenlent first to provide ready access to the interior of the cryo-
stat by removing the photomultiplier ané window from the year flange, and
#he coupling bellows from the front flange. The frame on which the vhole
experimental apparatus is budilt is then raised off the floor by means of
the fouy screw jacks around its base. Setting to the correct helght is
conveniently determined by use of the heliuww-pneon gas lasexr, shining down
the beamline and through the monochromator, the latter being set to trans-
mit the Fzeyo-order® of diffracted light. The bright spot of laser light
ig made to fall penirally owver the hele in the shroud inside the cryostab,
and the apparatus levelled so that the beam paspes out thrsugh the rear
hole in the shroud. The inser£ iz then lowered into the cwyostat body,
and, when seated. checked to ensure that the smmple holder presents ite
apertures at the same height as the hole in rhe shyoud. If necessary,
this condition can be achieved hy resetting the helght-adjusting nut ¢n
the neck of the insert. When he optical allgnment is satisfactory, the
frame of the pumping trelley is clamped rigidly to the flosr. The photo-
multiplier, window, and coupling bellows section are re-comnected to thely

respactive oryostat flanges, and the complete system made vacuum~iig¢ht.

Pump~down procedurs is as follows. The cryostat is roughed out by
the mechanlcal pumg I, wia valves I, 2, and 5 {aee £ig.2}. In addition,

the interspace betwesn the double O-ring seal on the cryostat insert is

evacnated via valve 4. This reduces the pressure to 1072 to 10™3 torr.

At these pressures, the capsule dial gauge P1 and the Pirani gauge P2 ine
dicate their lowest pressure scale readings, whilst the needle of the cryn-
stat Penning gauge P35 way Just register an on-scale pressure reading

i~ 1073 porr).

The diffusicn pump {H}, and trap (G}, are roughed out by opening
valve 3, but keeping valve 6 closed. The Pirani gauge P3 should then give
the same pressure reading as P2, The diffusicn pump cocling water and
power ara then turned on, and the trap (6) filled with liguid nitrogen.
After about 10 minutes, the diffusion pump Pennling gauge P4 gharty to ine-
dicate a low pressure. Valve 5 {5 then closed, and valve & opened, there-
by evacuating the cryostat with the diffusion pump. Penning gauge PS5 then
reglsters a low pressuye which approaches the 107% to 1077 torr level over
a time of order 1 hour., It is sometimes helpful to rotaéé the insert in
its deuwble O-ring seal, to release any residveal air trsps there. When the
tryogtat vacuum is compatible with that in the monechromator and beam line,
valve 8 - on the exit side of the monochromator may be opened, connecting

the two vacuum systems.

The £illing systes for the two liguid nitregen regervoirs in the cryo—
stat is then activated. Tt is best to cool the outer yeservoir firse.,
Phale is filled through one inlet, and short lengths of plastic‘tuhing are
placed over the other two inlets to deflect the blast of escaping cold geas.
Without this precantion, the gus lepinges on the flange directly above the
inlets, copling it, and eventually freezing the O-rings in the rotary seal.
This can panse a vacuum leak to develop. The automatle Ffilling system for
the inner regervoir did not prove 1OO% rellable, and this reservolr s

generally £illed from z hand flask of liquid nitrogen every 3-4 hours.
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The insert is zotated by an electric motor, for which the control
unit is located some distance away. (For radiatlion safety reasons, all
operations on the experiment when the éynchrotron is peaming into the SRF
area must be conducted remotely, from a shielded. location, in this case
from the mezzanine f£loor of the SRF.) A closed~cirxcuit TV system 1s used
o read the angular setting of the insert, and to observe the requlsite
187 rotations hetween adjacent sample positions. The IV camera 1s focus—
ed on the vernler section of the 360" circular scale uadng a plane mirror

to bend the light beam through approximately g0°,

Before irrvadiating samples, a cheok on the sonochromatorts perform—
ance is desireble. The photopultipller curyent ls peasured (using an
electrometer, or curyent integrator) and the lnsert is rotated to the

“wtralght~through lLight" position. Two adjustments are then possible:

{1} the photomultiplier current is maximised as a function of rotatien
angle. This sets the sample holder in its zero position, and suc~
cessive samples can be breught into the path of the light beam by

incrementing the angular scale reading In unlts of l&os

{11} the photomultiplier current is meximised as a function of monochro-
mator grating setting. This sets the grating 0 the zero-order Jif-
fraction position, which establishes a reference point for the wave-

length scale of the monochromator.

In addition, 1t is useful to scan the Iull wavelength range of the
monochromator, observing the photopultiplier response. This generally
ghows a broad maximum in the middle of the wavelength range, with an ap-
preciable fall<off In intensity towards each end of the range. It iz

beneficlal €0 run the experiment at monochromator settings in the middle

54

region, where the best £lux is available. Such a scan on the grazing in-
cidence noncchromator (seetion 4) also shows a carbon XK-gdge absorption,
which, together with the zero-order diffraction pogition, allows one to
caloulate the number of mutor steps to change the monochYomator wave-

length by an gngxtxgm,

3.3 Irradiation Procedure

The monochromator ls set to the desired wavelength, and the exle slit
width is chosen for the requisite band pass. The vacuum in the cryostat
is chccked,~and the three liguid nitrogen reservolrs are checked. The re-
gulation search of the SRF experimental area 1s conductad, the aresa locked
up, and the beap shutter raised. From the photomultiplisr respense, 1t is
verified that all intervering vacutm valves along the Leam line arve open,
allowing synchrotron radiation to enter the monochrxamator, and monoohroms-
tic light to exit and pass through the clear channel in the sample holder.
The £irst sample is brought into position by suitable motor-driven rota-
tion of the cryostat insert, and the time at which irradiation commences

is noted. ‘The NINA operating parameters (electron energy, and mean <ircu-

lating current) are recorded,

Gnce the experipent is underway, there is wvery little to do. Every
few hours the liguid niltrogen reservoirs in the cryostat need servicing,
unless the automatle FLlling system is in operation. It is desirable to
check pericodically that all beam line vacuum valves bebwees the apparatus
and the synchrolron remaln open. In order o determine the scocumslabed
radiation dose recelved by the samples, & record should be kept of all in-
terruptions te the beam, as, for axamplae, when other users have L0 g0 into
the area to sexvice thelr equipment, The NINA “history™, a reoord of ener~

gy angd gurrent in the synchrotron at 2-minute intervals, is stored in ths
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main computer memory, and may be accessed via the TS0 terminal, or a hard
copy printed out if required. This history alsc includes the status of

the SRF beam shutter, whether up or doﬁn, at the 2Z-minute intervals.

Successive samples are brought into the beam by rotating the insert;
if necessary, the monochromator is driven to different wavelengths for

different irradiations.

3.4 Sample Removal and Transfer

On completion of the series of irradiations, the following "shutdown"
procedure is carried out. The vacuum valve 8 between the cryostat and
the monochromator is closed, as are valves 2, 5 and 6 (see fig.2). The
gear-wheel drive for the cryostat insert is disengaged, and the nuts
which retain the insert against the top flange of the body of the cryostat
are unscrewed. The ligquid nitrogen feeé line.to the inner reservolr is
removed, as is any other item that might impede the withdrawal of the
insert. Dry nitrogen is admitted to the vacuum system via the air-release
valve 7. With valve 4 open, the tubulation running to the double O-ring
seal interspace 1s let up to atmospheric pressure, and disconnected from
the cryostat insert. Subsequently, wvalve 4 1s closed and valve 5 is open-—
ed to admit the nitreogen gas to the cryostat. As scon as the pressure
reaches atmospheric [as observed on the capsule dial gauge Pl) the insert
is lifted clear of the cryostat body, and immediately lowered into a
walting dewar vessel containing liguid nitrogen. This transfer operation
takes about 2 to 3 ;econds. Prior to removal the inner reservolr is top-
ped up with liguid nitrogen; it is found that a considerable amount of
this is present after the transfer. With the sample holder safely sub-
merged in the ligquid nitrogen, the insert and dewar are taken out of the

SRF area for further handling,

13

The pumplnq system is generally switched off, unless another series
of sample lrradlations is to follow immediately. Some condensation of
atmospheric moisture may occur inside the cryostat on the liquid nitrogen-
cooled surfaces. It 1s good practice to leave the nitrogen gas blowing
through the cryostat for an hour or so. With the £illing system switched
off and the vessel at atmospheric pressure, the residue of liquid nitrogen
in the outer reae;voir quickly boils off, and the vessel returns to room

temperature.

The saﬁples have to be transported to the e.s.r. spectrometer at
Lelcester University. This is best done with the samples remaining encap-
sulated in the holder. Although the whole insert could be transported as
one piece, it is more convenient to detach the relatively small sample
holder, and ship only the latter. In practice, a U-shaped clip attach-
ment {fig.4) is used, which, after pre-cooling, is fitted around the bot-
tom of the sample holder, and alsc surrounds the shroud, Two springs are
engaged across the top, so as rigidly to "sandwich" the holder between the
shroud and the clip attachment. This combination is then released from
the rest of the insert by pulling down on the retaining spring, and turn-
ing its locking bar through 900. This latter operation 1s effected with
a simple pair of small wire hooks, which are inserted through the hole in
the clip attachment, and manipulated to engage the locking bhar. With
practice, thls operation requires the sample holder (plus clip attachment}
to be lifted out of liquid nitrogen for only a few seconds, before being
re-submerged. The package is conveyed to Lelcester in a large, slightly
pressurised transport dewar of liquid nitrogen. When ready to transfer
samples to the finger-dewar of the e,s.r. spectrometer, the clip attach-
ment and shroud are ramoved from the sample holder, which is kept just

submerged in a dish of liquid nitrogen. The sample pellets are extracted

14



from their recesses in the sample nolder, using a fine wire as & lever.
After an e.s.r. spectrum has been recorded, the pellet is warmed to room
tamperature, guenched back o ?‘?Ox, and the spectrum recorded again, 2
comparigsen of the two spectra then reveals the presence [or absence) of

free radicals, unstable at room temperature.

4. OBSERVATIONS

The radlation damege project was allocated beam time in four NINA

cycles,; betwgen August 1975 and June 1874,

puring the first of these, light from a normal incidence monochroma-
tor {Horimontal Wadsworth I on SRF north beamline} was uged. &Although
this provided a healthy photon flux, the photon energies (£ 41 eV) proved

ingufficient to cavse detectable damage in the saomgples.

When the equipment was transferred to the grazing-incidence monochro—
matorél), which provides photons with esnergles up to about 250 eV, radia-
tion damage sigrals were obtained in a nuber of specimens. However, bhe-
cauge these signals were weak, it was custompary to lrradiate some samples
with zerg-order light, in addition to these lrradiated with monoéhxamatic
light. ‘The zezo~order light contained a wide spread of photoh energiss,
extending up to the reflectivity limit of the diffraction grating, and
generally produged relatively intense e.s.r. signals. These gpectra wers
ugeful for "fingerprinting” the nature of the radicals produced, and serv-
ed as reference spectra when searching for the weaker spectra arising
from the same chemicals after exposure to ponochromatic light., Tt never—
theless happened that some ¢bservations were uncertaln. Various factors
could acesunt for wvariaticn in the results obtained. the pellet surface

varied In compactness from sample to gample, even in the same chemical.

185

Unrecognised experimental accidents gould occux, such as a sceraping or
chipping of the demsged pellet’y surface, or a slight surface warm-up on
transfer from the cryogtat tg the travel dewar, etc. Further, a poor
vacuum in the beamline or experimental pumping system coulé cause the

samples to become cozted with impurltiss.

To guard against some of these uncertalnties, it was customsry to
load two {or morel pellets of each chemical in the same holder for 4 glven
rur, Then after using monochromatic radliation on one sample, its neigh-
by was exﬁaﬁmﬁ o zero-order light for a shorter perlod. If damage was
sean in the latter, but mot in the monochrumatically-irradiated sample,

then some of the aiwwve-mentioned ungertaintles <ould bhe eliminated,

3. CONCIOSIONES

The equipment constructed for the radiation damage research project
permitted scme few preliminary results to be obtained(ZI. The eXposure
timas provwed considerably longer than antleipated, necessliating periods
of running extending over a pouple of days, rather than a matbter of hours.
Only when access 1s avallable to substantially higher photon fluxes, as
from an elsctron storage ring, will it be attractive to resume the project.
Under such higher damage rates as would then be expected, the need to per-
fact the Yiguid onitrogen automatic £illinyg system mlght be resoved, in
view of the shorter duration ¢f the experimental rung. The consitderably
greaater body of radiation damage data that might then be collscted should

parmit a more systematic and quantivative investigation of oross sections

and threshold energies for radiation damafe processes to be made.
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FIGURE ChRPTIONS

Sectional drawlng of Liguid nltrogen cryostat.
Schematic of vaguum pumping system.
Schematic of liguid nitrogen L11linyg systew.

Clip atfachment.
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Double— walled evacuated

filting lines. Electrically operated
liquid nitrogen valve.
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