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A, IHIRODUCTION

In 1942, a report on electron diffraction, entitled “Electron Diffractien
in Pigment Rescareh®, KN~42-147, was issued. This was & survey report designed
to indicate the possible applications of electron diffracticn $0 pigment research.
Bome time after the preparation of this report, the construction of an elestron
diffrastion cemera was undertaken at Newark and was suecessfully completed,

Foll this, a coneiderable amount of experimental work was carried out in
the attetiid to ascertain the applicability of the diffraction teclmique to
various pi proviense

Ia presenting a formal report on the electren diffraction gtudies, it
has seeted preferable to igsus it in two purts. The first part, which is cone
tdingdin this report, is devoted to the oonstruction and opsration of the cawmera.
It is intended t0 serve an a description of both the varieus parts of the camera,
and, to soms extent, the problens involved in their econptrustion. In sddition, -
it will, funetion as a 1y detailed mmuisinl for the operation and madntenance
of the instrumente The second » which will be presentod in a future report,
will describe the detailed appliontions which have been made to date of the
diffraction technique. This will include a discussion of results obtained and,
wherever possible, thedr interpretation in terms of pigment properties.

literature references relevant to this report can be found in m-42-141.-

The diffraction of electrons is in many respects similar to the diffraction
of X=rayss The soattering of electrons can be described as the interaction
between matter and a periodic wave with a definite wavelength, If the scattering
material is periodically distributed on an atomio secale then diffraction effects
will be observed. Oompared to X-rays, the scattoring of fast electrons of the
sane range of wavelength is & such more efficient process, being of the order
of a miliion times greater, This arises from the fact that the scattering of
electrons is largely due to the interaction betwsen the intense localized elec~
trostatic fields surrounding the stomic nuclei and the charged beam elections
which are strongly deflecteds Becauss of the efficiency of scatiering of electrons
. by matter, electron diffraction is especially suitable for the study of the

structure of thin films and surfaces., This is indicated by the facst that cry-
-stalline films of only a few atoma thickness yield strong diffracted rays.

In addition to the slastle scattering of electrens which gives rise to
diffraction, there are inclastic collisione, 1.0s, collisions in which the electron
loses part of its energy thru exsitation or ionization of the strucl atom, These
inelastically scattered electrons are responsible for the considerable background
which appears in electron diffracticn patterns, The fraction of electrons undere
golng inelastic ccllisions is increased by a decrsase in the accelerating voltage
and by un increase in specimen thicknesss For 30,000 volt elections the effective
free path in a s0lid is a few bundred Angstroms.

Unlike the Xeray diffrmction tdéchnique, the low penetrating power of
slectrons requires that elestron diffraction experiments be carried out in an

evacuabedd chambere For the usual sise cacu, and with accelerating voltages above
10,000 volts, a vacuum of the order of 10  mm. of Hg. is satisfactory.
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As indicated above, associated with the wave character of electrons . .
1s a wavelength for the electron. This wavelength A is related to the R
velooity of the electron v $hru the ds Broglie velation | = h/mv, where =
m 40 the mass and h 4s Planek's sonetant, In terms of the ascelerating voltage ' -
P, which 1s used to impart velaoity to tho electron beamy the wavelength s = =

A- - x 00

rorthogguoﬂyuuvnu-ofrorwmowns./\ has the value of LT
061208 em, or G613 bugetrens. ;h.k should be conpared o the vevelength | | '
‘of 1. getroms frequently smployad 't’{ works’ o of partionder V0
advantege in clectron diffracticn work &t is possible to alter the wave- =
length sluply by changing the ascelerating voliage. A wvariation of voliage o
also means & ohangs in the penetrating powsr of the elestron beam, & fact which:. '
oan be put to good uee in studyiag thin surface layers. e

S4nce in pigment work, pelyorystalline specimens of more or lege
rendonly ordered particles are ordinarily smployed,; the usual fobm of the PR
diffraction pattern obtalned 4e o sories of comoentrie oiroles with an intense
euntral spot and with a backgreund diminighing im intensity away from the eenter.
The width of the diffraction ring or cirele depends, aming other things, on the
width of the electron beam or wpet cise and is often limited by it, In order
to odtain bLest resolution therefore it ie of great importance to reduce the
spot size t0 s minimum,

G QAMERA CONSTRUCTION

The camwra at Newark was bullt on the basis of blueprints supplied by
Mo Lo Fuller of the Resecarch Division, New Jersey 2ine Co. A schematiéc
diagran of the comera is shown in Fig. 21. It is essentially an evacuated
ohamber containing a source of elestrons, a uweans for manipulating the specimen
and & device for photographically recording the diffyraction pattern. The main
features of the camera can bs seen inm the photographs of Figs, 1 end 2, The
main section of the camera consists of a brass tube shiz inches in dlameter
and two feot in length, Attached to the fronmt end of the tube is the eleotron
gun, most of which is within the metal cages To the rear ond is connected the
plate holder housing, The camera is constructed emtirely of brass except for
platinum jaws on the aperture and parts of the electron gun, “8ylphon" bellows

have been employed to permit the trammmission of motion into the evacuated
chamber, '

"f-“,»_; o

Two types of electron gune which will be desoribed later have been
ussd, With the original gun it wes necessary to employ epertures to limit the
spot size. Thegse apertures consict of two pairs of platinum Jags, each pair
. mounted separatelye The jawe form s slit with a width of approximately 0.1 mm,

The elits are plaoed at right sngles to each other in such a way that the beam
after passing through them has & square oross section with a length of 0.1 mm,
on the side. The positions of the slits cen be altered from the outside by
manipulation of the bellows to which they are attached., The slits are placed
close t0 each other and sbout three Snches from the electron source. Fig. 3

shows a photograph of the apertures, and their position in the camera is
indicated by A on Fig, 1.
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Bince the eleotron bean as A% emerges from the spertures is divergent, it is
necepenry to foous 4t in order $¢ ebisin a minimum spot sinze. Yor this purpose
. a foousing ooll is used, a photograph of whieh is shown im Fige 4. It consists
-gluply of a brass eore, with a ons inch dismster hole, on whick has been wound
sevaral hundred thrus of #18 B & B insulated ¢opper wire. One end of the coil is
grounded, while the other is scanscted to n six valt starage battery through a one
ohm vheostats A curront of botwecn 3 end 4 ampoeres is used 4o foous the beam,
The focusing eodl is placed iamediately before the specimsn sarrier and gives a
—~  Giamond shaped mpot on the fluoressent sorsen vhich represenis a elightly enlarged
and distorted image of the crossed slitss The insulated lead-in post for the coil
4s indicated by B in Fig. 1.

In the original construction of the camera two peirs of deflection plates
wers placed betwoen the slite and the fosusing ceile By the use of a variable
potentinl between the plates of such pair it is poscible to deflect the beam both
horisontally and vertically, and thus to center it on the sereen, With the

.dantallation of the now gun these plates have been removed, Sogether with the slite

and focusing eoil, It appesrs likely that these parts will not bs nesessary with
ths new gune

The specimen carrier (@) is shown atisched to the bottem side of the camera
in Fige 1s Tige 5 48 a photograph of the carrier with thres transmission type
mountse By the motion of the two bellows it is pessible to effect a vertical
movement of the specimens and, indspendently, a rotation about an horisontzl sxis
perpendicular te the bean direction, The latter motion is required only with
reflection type spscimens, To miscessively place the three specimens im the path
of the beam, a pushing devive, indicated by D in Fig. 1, ie employed to move the
spooimen wovedna in a horizontal plane perpendiculay te the electron beam, On
the opposite side of the pushing device and in line with it, there is located a
windowr: which permits viewing of the specimens under vacuum,

At the rear end of the camérs is mounted the plate holder housing indicated
by B in Fige 2 Within this unit is contained the plate and plate holder (Fig, 13)
and the mechanisu for the motion of the plate holder, The latter is Aintroduced
into the camsra at ¥y, Fige 1, and 15 woved horisontelly thru s gear end rack
arrongencnt by means of the bellows at G, Fige 24 The plate holder carries a
4 x 5 in, plate and is light-tight, so that loading of the diffraction camera does
not reguire darknegss. JImmedistoly in frent of the plate is a metal diek with a
rectangular opening of 1 in. x 5 iu, This derves to 1imit the area of the photographie
plate axposed to the -diffrachkitiscdely ot any particular time and thereby makes
possible the recording ¢f three patterns on a single plates The plate to spseimen
distance 1e 36.9 cme ’ .

a A When the plate holder is in its extreme (heitishifleftysidengf Hoysidk, Fig. 2)

- the beam falls upon a fluorescent soreen (H, Figs 2) which Temders visiovle the undeviated
i beamy and, in meny cases, also gome of the diffrection rings. Viewliag of the sereen
hag 4o be done in a darkened rooms The fluorescsnt soreon is prepared by spraying
a dispersion of a fluoresoant pigment on te a ciroular piece of leaded glasse The
pigaent used, together with direotions for its application, ie obtainsble from RCA,
and 48 the same materiel ms that used in fluorescent sorecns for the RCA electron mircro-
800pes,
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The instrument pane), which is shown in Fig. 6, carries all the eleotrical
emtrols except the four additicnal ones nesoseitated Ly the new electron gune The
latter are losated jJust abave the top of the plate holder heusings The panel is
arranged s0 that sny of the eohtrols can be menipulated while viewing the
fluoresvent sorecn.

Be YACUUM SYCTRM,

Ap indicated above, it 19 uoonury 40 operate the #iffraotion camera wunder
high wacuum, in the meighborhood of 10™° mm, of Hg, Furthermore, since frequent
exposurs of the oameras to stmospheris pressure is essmtial, it is desirable %o
rm«togmmmctmmmupupmum{ pressure. A
satisfactory arrangesent which is employed with the diffrsction camers i indicated
schematically in Fige 7+ The ferepump ie & "Cenco Megaveo® opersted at 600 RPM and
powered by & 1/2 heps motore It serves both for the indtial evacuation of the
camora 10 & prossure at which the mxmmm oan operate, and aleo as a backing
pumps The diffusion pump is a high speed ~matal oil purp sold by Distillation
Products Co., (tm MC 275)s The pump is water-cooled and has a speed of 27§
Uters/sece at 10 'mme It reguires a forepressure of 100 microns and uses about 200
grems of “Amoil-8" as the distllling liquid, The puxp heatsr requires about
3 amperes and is operated direotly from the 110V line through several ohms of

- external resistance.

The valve arrangemsnt illustrated in Fige 7 is designed to pormit the
diffusion pump to remein in operation while the camera is af atmospheric pressure,
and during the pre~pumping pericd. Valwe A is a wide~bore two-way glass stop~
cook whioh connects the fors pump either to the low vacuum side of the diffusion
pwap or directly to the camera through valve B Valve C on the high wecuum side

. of the diffusion pump ie used to ssal off this puzp from the cameras Both wvalves

B and C, 1/2 inch and 1 1/2 inch respestively, are packless radiator valves of
the bellows type which have bsen adapted for wmeuum worke

The cyole for evacuation of the semass 19 ae followss With the camers at
atmospheric pressure and the diffusion pump at Operating temperaturs, valve C
(alresdy elosed) remains elosed, while valve A, which has eonnected the forepusp
to the diffusion pump, is opened. This isolates the diffusion pump and opens the
samera te the forepump after valve B has been opened, When the pressure in the
camera has reached a value between 2 andd sme (Hg), vaive B is olosed, valve A
turned to connest the diffusion punp te the forepump and valve & openede The camera
is then evacuated to operating pressure sand maintained there while the diffraction
experiment is being carried out., Vslve B serves to prevent ths rubber hose connection
betwsen valve A and the camera from being exposed to the high vacuum. However,
it does not secm to be esseniiale. Finally, to open the camera to the atmosphere,
valve C is closed and air permitted to leak through s small opening until the ineide
and outside pressurss are egual.

Fig. 8 gives a photographic view of the vacuum system showing valves
A, B and G and the oil diffusion pump D, The forepump is located at F wvhere it
ie enclosed in a sound-proof box. The evacuating eystem is connected to the dody
of the camera by a pair of two inch brass pipes fitted with *"Sylphon™ bellows.
These permit alight moticn of the camera relative to the vacuws system. The time

reguired to pump the camera from simospheric pressure down to cperating pressure
ranges from 10 to 15 minutes.

DUPO050150105




"

Twe types of vasuum gauges are smployed for the measurement of the
low pressures uped in the canera. The thermooouple vacuws gauge measurss
pressures in the range from 200 miorons to about cne micren (Hg)e It 4
identified ao J in FPig. ljathe aseosiated moters on the ingtrument pancl ecan
be seen in Fige 6, in which the heater surrent meter, laboled "T.G. HEATER®,
ie in the lower right hand corsere It is a 0+200 miercammeter shunted by a
1/2 ohm resistor so that a reading of 100, which eorresponds to & heator
current of about 70 milliamperes thru the thermocouple gavuge, gives s readin
of the thermoowrrent of 195 microamperes whea the pressure s less tham 10°° mm,
of merourye. This 4s read in the low resistance (559:&.) §+200 mivrcameter,
labeled "VACUUN®, shown in the upper left hand cormer of Fig, 6.

For the measurensnt of pressures in the renge of 10> mm, to 10 5,
(Hg) an ionisntion gauge is ssployede A portion of this gauge can be seen in
Fige 1 at Xo The fllament current for thie gauge is supplied by a six volt
storage battery. Fige & shows the associsted meters and rheostat, The meter
labeled "1,Ge FILAENT® indicntes the filament eurrent, usually about 1.6 amperes,
which is conirolled by the rheostat with the same identification, When the reading
on the meter marked "I.Gs GRID* i 9 milliamperes, sorresponding to sn actual grid
ocurrent of 21 millianperss because of s 2 ohnm shunt resistor across the nmeter,
the pressure in the camera in mm. of mersury is approsimately five times the
positive ion current in amperess Thias s read on the miorcammeter labeled
®1esGe FIATE." Thus a rea of 20 microamperes on thile meter carresponds to
a pressure of avout 1 x 10 mme 0of merowry.

The satisfactory cperation of the louization geuge requires the
ranoval of adsorbed gas after exposurs to aire This ie earriod out by placing
the voltage availabls from the buttery charger in series with that from the
storage batiery and passing a current of 2.5 amperes thru the filament, The
DPDT toggletwitch at the left of the "I.Gs GRID" meter in Fig. 6 serves to make
this connection when it is in the upper position. The lower position is used
for normal operation of the gauge and for charging of the storage battery. Both
the grid owrrent and plate current meters must be shunted during the degasveing
period, The former metér is shunted when the ebove toggle switch is in the
dognasing positlan and the latter is shunted by the toggle switch at the upper
right of the "I.G. PLATE" meters The ecircuit diagrame for the thermocouple gauge
and the ionisation gauge ere given in Figs. 9 and 10 respectively.

To furnish the eemstant high DLCs voltage required for the operation
of the cemera, & used medicsl Xeray high voltage supply was purchased, together
with a constant voltage tramaformer and a high voltage condensers A oircuit
diagram of the high voltage wupply is given in Fig. 11 and a photographio view
of the high voltage equipment im Fig. 12, The high veliage transformery the
reotificr tube and ite filsment transformer, and the filawent traneformer for the
electron source are enclosed in a cylindrical metal container (A, Fig. 12) and
pubmerged in oiles The 500 wett "S0la" ocongteut veltage transformer can just be
seen at B in Fige 12, It serves to maintain constant the voltage supplied to the
primary of the high voltage transformer and thus stabiliges the accelerating voltage
of the camera., The high voltage condenser (C, Fige 12) has a capacity of ,012
mierofarads and can withgtand 50,000 volts. It is mounted on an insuluted base
and ip grounded thru a 10,000 ohm, 100 watt reesistor (D, Fig. 12) to prevent surges.
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The primary voltage for the high voltage transformer is Iusplhd from
an guto~transformer which is mounted on the panel and 1s labeled "EIGH VOLTAGE"
in Fige 6. This permits the selection of any accelerating veltage in the rangs
from 0 to 50 kilovolte, although 40 KV is usually empl For rcasons of
safety all the high voltage equipment is eontalned within a metel oage. When
the door to this cage is opensd an interlock switeh shuts eff the powsr, and

at the same time a grounding eap grounds the high voltuge side of the condenser,

The valus of the high voltage can be read dirsctly in kilovolts on the
0=50 miorcemmetor labeled "HIGH VOLTACE®™ in Fig. 6. One side of this meter 1
conneoted to ground whils the other iz tied 40 the high woltage tiru a 107 ohm,
100 KV resistor. This mogsurement of the high voltage is not very socurste.

In the original construction ef the caméra, & relatively simple design
s loyed for the elestron source. This eonsists of & tungsten filament
of 6 ndd donneocted to two leng insulated nickel rods, Details can be
seen in Fig. which shows the old eleotron gun digapsendled. Burrounding
these rods, and extending jJust bdeyond the filament, is a vopper tubse on which is
mountod & niockel disk oontaining s rectangular slit. Both tube and disk
are at a potential of 45 votes positive with respect 10 the filament, thus serving
to enhance the electron emission from the filament. The esission current is
measured by a microamwster which is oontained, together with fuses and a 45 volt
battery, in the copper sphere plnsed at ths top of the high volisge eondensor.
Thie is visible in Fig. 12, in which the slot t0 pernit reading the micrcamseter
may also be seen.

The gun described above was not wholly satisfactory bdbecause it reguired
frequent replacement of the tungsten filament, und sles, besauss of inadequate
intensity, partioularly at lower voltagess In order te sifercome these disadvantages,
and especially to dininish the spot size and thus improve the resolution of the
canera, & now and wore elaborate electron gun was installed. This gun was teken
from a "Dulont" type SJP cathode~yay tube and adapted for use in the camera. This
change involved the substitution of a dungeten filament for the vxide~coated cathode
originally present, becauss the latter loses its exitting power after a few
exposures to the atmosphere.,. A photographis view of the gun and assosciated parte
is shown in Fig. 153 eome details are partially obscured however by the wide silver
band soated on the inside of the glass tube in which the gun is enclosed. The
elastren beam is focused by the adjustment of the potential on the foecusing electrode
and the intensity regulated by the voltage on the eontrol electrodes This veltage
nust always be negative relative te the cathode potentinl, The direstion of the
beam, and conseguently the position ef the spot on the fluorescent soreem, can be
altered by varying the potentials on the two paire of deflection platess ‘hess
plates permit adjustment in both the horizontal and vertical directions and thus make
possible agourate eentering of the beams

The contrels for the gunsare enclosed in a brass box shown at the right in
Fige 15, This box is maintained at high potential, usually 40KV, and conteins the
required potentiometers, resistors, condensers and batteries, The manipulation of
the potentiometors while viewing the sorsen is possidle by the ingulated extensions
from the box, as is evident in Fige 1l¢ The circuit disgram for the gun is shown
in ¥ige 16 where the portion enclosed by the broken lines corresponds to the equip~
mont contained withint the brass boxe The gun 1s mmintained
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mnent contained within the brass boxs The gun is maintained at high potentisl
with a maxivun drop across it &f 2KV. The voltage for the dakflection plates
is supplied by two 45V batteries thru a pair of dual 1 mogokm controls. A
toggle switoh whioh can be reached at the back of the high voltage box is
provided to aveid oontinucus drainm of current from the batieriese The dual
potentioneters are arrmnged so as to make the voltage drop between the
deflection plates of each pelr symmetrical with respect 40 the cleotron beam
and thus te minimize distortion.

To avoid distortion and defocusing of the elestron beam and spot, the
pyrex tube within which the gun is cobtained 1e conted on its inside surface
with a wide silver band and thres silver rings shown in Fig., 15. Eleotrical
dannections to the latter can be zade with the rounded trass posts which make
contaot with the rings thru wirew«glass seals. The wide band is at the potential
of the accelerating eleoetrode of the gun mnd mukes otntact vwith it inside the
tube, It serves to shield the gum, particularly the defleoction plates, from the
acselerating voltagee The silver ringes permit the 40KV agoelerating voltage bo
be applied in steps of 10KV by the uge of 200 megehm resistors botween them,
as shown in the cireuit disgram of Fig. 16, ,

) The silver rings and band were coated on the tube by applpfiy with a
camel's hair brush te the tube mounted on & lathe, a paste of colicvidal silver
in turpentine. For this purpose silver pagte mo. 38 from Hanovim Chemical & Mfge Co.
is uped after it has Leon thinned to brushing consistensy with turpentine. After
the paste has been applied, the tube ie pluced in an evenr and heated to betwesn
600 and 650°C, Thie heating removes all organic material and leaves a strongly
bonded eilver film,

In the examination of massive specimens where the reflection technique
must be employed, difficulty im obtaining diffraction patterns is often enocountered
due to the development of an electrostatie charge on the sample, This problem
can be avoided by benbarding the specimen with low voltage electrons (a few
hundred volts) simultaneously with its exposure to the high voltege electron beam.
For this purpose a low voltage electron gun has beem ingorporated in the diffraction
cameras It can be seen at the top of Fig, 1 eomnected t¢ the maim body by means
of bellows, which is used for aluming the guas For the coustruction of the gun,
an all-metal RCA cathode yay tube (Nos 913) was useds The cnse was removed
together with the cathode, heater end control electrodes As with the main gun,

e tungsten filament was installed as the source of elscironss €nly one pair of
deflection plates is used since it is sufficlent to direct the bemm to the
spooimene The oireult diagram for the low voltage gun is shown in Fige 1Ye.

The preparation of mounts for the diffraction camera ie a critical
and gometimes a difficult matter. FPigment sampies, as well ap other powdersd
materials, are alwost invarisbly examined by the transmission techniques In this
case the ideal mount congiste of a densely packed monoparticular (one particle thick)
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- Jayey thru which the electrom beam is tranmnitted. The firet step in the usual
preperation of mounts of pigment les 4i» to deposit a thin film of nitro-

celluloge (about 400 gaudvecii on o wesh stainless stee) sorecn didh, 1/4 inch
in diemeters This is done by placidg one drop of a 2% eolution of nitrocsdlulose
in amyl acetate on the sirface of distilled water conteined in a wix inch eva-
porating dish, After the golvent has eveporated, lsaving a thin nitrocellulose
£1lm on the surface, s soresn earried by s soreen suppert 4s brought up from
below the water surface to Just above the surface causing the film to rest on the
sorsens The film is then severed with a sharp point end the soreen gupport ig
1ifted out of the water. Ia Fig. 18, row A shows a photograph of three sereens,
and rowB, three dorsen supports. :

) The most sucoossful technique found for preparing the pigment film
has heon 40 first disperss the powder imn ethyl aocetate, with a omall amount of
nitroselivlose as a dispersing agent if nceesesry (es in ohrome yellows), Then
a drop 4 twe of the dispersion is placed on the surface of hot water in a besker.
Thore is almoot instentanecus evaporation of ihe solvent such that, if the
operation is done properly, the pignent remsins on the surfice in the form of a
ochorent £ilm usually without much flossulafion having escurred. In the case of
chroms yellows, slesiren micrescope examination has shown that a densely packed
£ilm of about one particle thickness can aectually be prepared by this procedure.
The mnext step is t0 place the pigmeat on the preformed mitrecellulose film simply
by raising the latter, resting on a soreen and screen suppori, from below the
surface of the watér thew the pigment £ilme This action causes the £ilm to break
around the edge of the support with a sireular seotion of the film remaining on
the nitrocellulose. When the mount thus prepared has dried it is ready for use.
After examination 1n the camera, the screex with the pigment specimen on it is

removed from its support and is filed in @ numbered gelatin capsuls for possidle
future reference.

Two kinds of soreen supports are employed, as shown in rows B snd C
of Fige 18+ Those in row B are used when it is desired that the slectron beam
strike the mount at perpendicular incidence. Then evidennce of the orientation
‘of pigment particles is being sought, the supports in rew C are used, In this
eage the bean mekes an angle of 45 with the normal to the pigment filw and if
the particles are not randouly oriented, ares sppear in the diffraction pattern
{nstead of ringse Buch results are useful in oonneoticm with the study of the
shape of pigment partieles. Im Fig, 18, D is the screen support holder which is

attached to the specimen sarrier for examination in the cemera. It has provisions
for three saunples.

The examination of pigment samples by the reflection technique can be
executed by placing the samples on .onx olished stainless stesl supports which
have been made for the purpese. Theme into the screen support holder,

After the specimens and a photographie plate have bgin placed in
the camera the latter must be svacuated to a presgure of about 10" ° mm. of Hg.
before the electron beam and high voltage are turned one Usually the ionizetion
guuge is not used, but the system is regarded as ha reached s working vacuun
when the thermooouple gauge gives its maximum reading (195) on the meter labeled
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SVAGUUN® IN Fige 6 To obtain the bigh voltage, the ewitohes in Fig, 6 '

merked "RECTIFIER® and “HIGH VOLTAGE® are twned on and, after a moment, the !
voltage from the sutetransforner is elovly inorsased by turaing the kuod g
|

umi-ﬁoa "HIGH VOLTAGR" wnbil the high velinge meter indicates the desired
T veltagee '

Although the direst besin chn always bs ssen en the flworescent
soreen, with the 214 gun diffraction rings could de seen with relatively fow
sumplope With the new gun 1% i expected that the difivsction ringe will
bo visible with practically all samples which show diffractions

- For photographio reocbrding of the pattern a plato is shified dnté' v
e position in front of the soreens A marker om the bellows eontrolling the
metion of the plate holder indicstes the correct position for each of the
exposures to be recorded on @ single plates The type of plate most frequent
the Zastuan Kodek 4 x § Procoss plates The plates ave debydrated before use
kept in a desliccator 5o that the molature contained in them will not unduly \

~ lengthen the ovacuation tims.

P

The exposure oonditions for phetographie recording vary for aif?
pattorns, but range from 10 seconds to 2 minutes with an emiseion current befwsen
100 end 200 microampersse With the new gun it is snticipated that exposure s
of a fow seconds will be suffioients The plates are developed at 68°F. for(1\1/2
minutes in Eagtman D=8 developer and hardensd in a bath of chrome alum for &

1 minute, SBevera}l typical patterns are reproduced im Fige 19, ?

3« Diffrastion Daia A
In general the information which it 1o desived to secure froma
diffvaction pattern is the imterpluner spacings correspending to the diffx'actiain
rings and their relative intensitiese The sccurate msasurement of the ring
diazeters, which range from & fraction of a centimeter to 3 or 4 centimeters, is
required for thiej calibratiom of the apparatus with a standard at the parti
voltage employed is also necessarye A device for measuring ring dismeters was

constructed and is shom in Fige 20, It is ewsentially e low power travelling
microsoupe and measurensnts t0 an ascuracy of 0.1 millinetor san be made with

For the calibraticn of the diffraction apparatus, iron blue is very
suitable sinde it gives s strong and sharp pattern of about 28 ringe and 4in
addition, its lattice constant is mscurately kmown (ef ICI Repart R1,4030
“A Genersl Accuunt of an X-ray Examination of Prussion Blue, 12~5+35), This
has & valuo of 10.2 Angetroms which, for example, gives a oonversion factor of
4,42 Angetromecentineters for 40KV elestrons, Thus, by dividing the ring ai
into this facter, the corresponding wvalue of the h‘gmhw spacing in Ang
can be computeds

[3
To facilitate the estimmtion of relative intensities, & photographic
soale was prepared by fhptographing several times the electron beam, in the form of
& narrow line, at constant intemsity et various kmown exposure times. Fourtesn
exposure stops govering a 1l-fold rangs of intensity were obtained, By matching

the lines of the scale against the diffraction rings it is possible to make rou
quantitative estimates of the relutive intensities of the z:ng. in any given &

patiorns This can be dome in spite of the faet that in most patterns the back~
ground intemsity varles considerably from ring to ring.
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ADJUSTABLE APERIURES
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FIG. 5 « SPECIMEN CARRIER
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