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This invention relates to a method of and ap-
paratus for examining crystals and, more partl-
cularly, to a methed of and apparatus- for examin-
ing quartz plezoelectrlc crystals by X-rays.

An object of the invention is fo facilitate the
examination and analysis of crystals.

Another object. of the invention is to facilitate
the production of quartz plezoelectmc crystal
plates and to improve the quahty thereof.

A still further object.of theé invention is to
simplify and facilitate the proeess of orienting
quartz crystals by X-Tays:

Quartz elements, commonly ih the form of
wafers and generally referred to as ‘“‘erystal
plates” or “crystals,” are used in lafge niimbers
at present in many impertant connections.. For
example, such elements .are used.in radio trans-
mitters to maintain the output fhéreof at its
exact assigned frequency Value, in. electncal wave
filters, radio receivers, frequency standards and
many other similar apphcatmns These plates
are ustally cut from the “mother” crystal, i. e.
the natural quartz, at various onentatlons with
respect to one or motre of the three séfs of crystal~
lographic axes thereof For example one such
plate is produced as described in detail ini Patent
2,268,365, issued December 30, 1941, t0 G. W.
Willard, by cutting -the plate -from the nafural
crystal so oriented that the major surfaees of the
plate are inclined +38 ‘degrees with respect :to
the Z, or optic, axis of the natural- crystal and are
parallel'to-an X, or electr1c axis theréof. -Othér
plates may be inclined various amounts in one
or the other direction with respect to other axes
of the mother crystal- dependmg upon the parti-
cular characteristics desired in:the ﬁmshed plate

It is obvious from the above tHat the produc-
tion of crystal plates involves analysis.of the
natural crystal in order to determine various facts
relative to the internal structure, -particularly
the direction of the crystallographic axes. Ifthe
quartz be well faced, i. e.-if the natural faces
have been retained, it is a fairly simple- procedure
to locate the several sets of -axes: - Crystals. of
this type are now quite rare however and. most
O.L the crystals encountered are: of the. so ealled

handling, etc. In the case of such; matenal the
locating of the various- axes-is-a:somewhat:in-
volved procedure and may: comprehend for ex-
ample, first the examination of: the crysta:l— in.an
immersion conoscope for. loca:tmn of the. yA or opt1c

axis ‘and, secondly, additional exammatxons by»
X-rays-and by optical. instruments: for, lcca.tlon»

-

2

of theé eléstrical (X-) and techanieal (Y) aXes.

Whﬂe these procedures haveé been so perfected”
that highly accurate and otherwise satisfactory
results die obtainied, they are of course somewhat

. baifistakiig and timé consuming,

It ha$ beei known for many years that a beam
of X-rays plssed through.a quartz crystal will
produce. an orderly -arrangement of spots, in-
dicative of the X-ray diffraction pattern, on a
photographlc filin, this type of ‘photograph being

' kn own as 8 Lalié photograph. Laue photographs

20

25

30

40

45

' ‘1de a.medns of .studying the internal strue-
ture “o_f; 3 crystal preparatory to orientation vus
the Laue method, involving, as it does, photog-

5 raphy. with the atténdant development and print-
" iHg processes,

is ‘generally considered too slow -
for comiercial production. -

It has also been known for some t1me (see for
example page 642 of “Crystallography and Prac- -
tical Crystal Measureient,” volunie 1, by A. E. H.
Tiitton) that the Laue. pattérn may be detected
b¥, 4 fluorescerit sciéen and this has stggested a
miéthod of . orieritation wherein the crystal is
molve_dva,bout ‘While cbserving - the pattern on. a
fAuodrescent. scresn uhtil, the desired pattern has

] tagined. While this method of instan-
taneocus’ observation appears attractive in view of
tims. saved, adtual trials Have.proven somewhat
unsatlsfactory as 1t has been found tha+ only a .

observation atid analysis even by 4 trained ob-
server and even when the process is carried out
in a darkened room. -The, latter fact, i. e. the
necessity for operating in & dafkmled room, is. in
itself & serious drawback. ‘

The novel arrangement of the present invention
provides the" advantages resulting from instan-
taneous observation as previously.sought after
Without atiy of the attendant disadvantages pre-
viously prevaﬂmg siich ds inadequate pattern,
hecessity of oberating in ‘s darkened room, efc.

A fedture of the present invention is a multi-
element pattern recelvmg device for reflected
X-ray beains, éacl separate element of theé device
being 1nd1v1dually responsive to the specific beam
of X-rays reflected thereto entirely’ indeperndent
of Z-ray beams reflected t6 aiy of the other ele-
ments, even the immediately adjacent elements.

A furthet feature of thg inventicn is & rmuiti~
element indicator screen, each clament of the
screen being individually responsive to the par-
ticular energizing force transmitied therelo en-
tirely independent of the energizing forces trans
mitted to any of the other elements, even the
immediately adjacent elements.
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In accordance with a specific embodiment of
the invention an arrangement for orienting a
quartz crystal is provided which may comprise
a suitable source of X-rays and means for mov-
ably supporting the crystal in the path of the
X-rays. The diffraction (Laue) pattern of the
the crystal is displayed on an indicator screen

which is in the form of a bank (large number,:

of order of 4,400) of cold cathode glow tubes which
10
diffraction of the X-rays from various points in
the crystal, by pulses of current from. a multi-

are selectively energized, in accordance with the

element pattern receiver. The pattern receiving
device contains a large number (corresponding
to the number of glow tubes) of sensitive points,
each of which may be thought of as a separate
Geiger counter.

4 -
tion of the electrical circuit utilized in the ar-
rangement contemplated by the present inven-
tion; and

Fig. 8 shows 2 diffr actron pattern as displayed
on the multi-element indicator screen. contem-
plated by the invention. )

Referring now ‘to Fig. 1, a crystal 21, which, we
will assume, is '3 specimen of river quartz with the

“natural faces missing and which, we will further
“agsuine, is to be analyzed preparatory to cutting
~definitely  oriented plates therefrom,

is shown

- mounted ion platform 22 being temporarily at-

15

tached thereto by a suitable agent 23 which may
be, for example, sealing wax. By virtue of the

Jball'and socket type of mounting illustrated, plat-

“form 22 is rotatable and tiltable in a plurality of

As g diffracted X-ray heam "
strikes one of the points an impulse is transmitted . -

to the corresponding glow tube in the display

bank, which corresponding tube will be illumi-_

nated in substantial accordance with the intensity.
of the diffracted X-rays; i. e. for very low diffrac-
tions, the tube will merely . flicker -while for
stronger diffractions the tube will glow more fre-
quently with a miximum possible number of |60
illuminations a second, this being the frequency
- of the alternating current power supply utilized.
The crystal may be manipulated, while the dif-
fraction pattern displayed on the bank of tubes
is observed, until the desired pattern for a typical
orientation of the crystal is obtained.  Use of this
novel arrangement results in a pattern suffi-
ciently extended to give a complete picture of the

20

25

30

crystal structure and through use of the particu-

lar type of novel indicator screen, the patiern

may be easily observed under normal cond1t10ns of

illumination.

The term “reflection” is quite commonly used in
the literature interchangeably with “diffraction”
in referring to this general subject-matter since
X-ray diffraction is like light reflection in that
the entering and leaving beams make equal angles
with the reflecting or diffracting atomic planes;
it is contemplated in the present instance that the
two terms may be used interchangeably.

A thorough understanding of the arrangement
contemplated by the present invention as well as
appreciation of the various valuable features
thereof may be gained from consideration of the
following detailed description together w1th the
annexed drawings in which: )

Fig. 1 is a schematic representatlon of an ar—
rangement, which embodies features of the pres-
ent invention, being used in examination of a
crystalline specimen;

Fg. 2 is a sectional view of a Geiger-Muller
counter of a type known in the art;

Fig. 3 is a plan view of a multi-element pattern
receiving device, which embodies features of the
present invention, a portion of the face being
broken away to show a number of the 1nd1v1dual
sensitive “points” of the device;

Fig. 4 is g sectional view, taken on line 4—4& of
Fig. 3, showing the internal arrangement of the
receiver;

Fig. 5 is a plan view of a multi- element indi-
cator screen, which embodies features of the
present invention, a sufficient number of the 1nd1-
vidual glow tubes being shown so that the ar-
rangement of the entire bank of tubes will ke
readily appreciated;

Fig. 6 is a sectional view, taken on line §—6 of
Fig. 5, showing the arrangement of the 1nd1vrdual
glow tubes;

PFig. 7T is a schematm representatlon of a por-
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directions whereby-crystal 2§ may be adjusted in

. various directions during analysis until the de-

siréd position is achieved.

A suitable source of X-rays, such as X-ray
tube 24, is provided, - together- withi “the usual
mounting and shleldmg -gppliances and power
supply which it does not’ appear necessary to
describe, for projecting an X-ray beam to crystal
21, Preferably all wavelengths of :the “‘white” -
radiation  are" utilized. A suitable ‘apertured
shield 25 is provided for colhmatmg the incident
beam directed to the crystal and, as the *‘back-
reflection” meuhod ‘(which will be described: sub-
sequently) is u.,111zed the ‘beam is passed through
pattern receiver 26 ‘on its passage to the crystal,
receiver 28 being prov1ded with a centrally located
aperture 3 to permit passage of the X-ray beam.

A plurality of - diffracted, oi reflected, X-ray
Peams results from the incidetit beam, the dis-
tribution and relative ‘intensity -of these beams
bemg in accordance with ‘the internal structure
of crystal 2l that is these refiected beams, if pro--
jected onto a sensitive film, would 1ndxcate the
diffraction pattern ‘of 'the crystal in accordance‘
with the Laue method s -

As will, be described in detail subsequently, re-
ceiving- device 28; includes a plurality of distinc-
tive sensitive pomts each’of which is connected

5 by a suitable electrlcal transmlssmn line to a

correspondmcr tubein the ‘nank- of glow tubes
prov1ded on- 1ndlcator Screen 32, ‘Three of these
connecting . lmes 33; 34 ‘and’ 35, 'are shown in
Fig. 1. T g manner’ that will be described in
detau subsequently, each sensitive pomt of re-
ceiver device 26 that is “struck” by a diffracted
X-ray beam callses the tratismission of an impulse
over its respec‘uve line to thé correspondmg glow
tube in screen- 32 ‘to’ cause energization -of 'said
correspondmg glow tube in the manner previously
referred to. A 'pattern catised by theillumination
of a plurahty of the tubés of screen.-32 résilts
therefore: which is dndicative of the “diffraction
pattern of crystal 217 The ctystal may then be
moved about in various directions on support 22,
while the changing pattern on screen-32 is kept
under observation, until the particular pattern
is achieved which is 1nd1cat1ve of & des1red orien~
tation of crystal 21,

“Coming now toa more detalled description of
certain of the dévices contemplated by the in-
vention, there is shown in Pig. 2, for purposes
of ‘comparison, a Gelger-Mu]ler pomt counter of
a* type previously - described in- the literature
(Zeitung fiir Phys. 71, pages 422-430, 1931, Max
Steenbéck; and-Journal ‘of ‘the.Franklin Insti-
tute, 237, pages 371-384; 1944, Joseph :Morgan,
for example) Metal ‘housing ‘5{-is provided with
a closure or'base 52 of- sulta.ble msulatmg mate-
rial:- A suitable’lead<in’conductor: ‘53, ‘which. is.
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terminated by platinum point 54, is led into hous-
ing 51 through sleeve 55 which is sealed through
base 52. Aperture 58, provided in the upper sur-
face of housing 5f is closed by -quartz plate &7,
platinum point 54 being positioned-opposite plate
51. The housing is filled with a suitable gas, use
of air at a pressure of 63 millimeters heing de-
seribed in the article referred to above.

"The counter may be operated under alternat-
ing eurrent or -direct current potential, the voli-
age being such that an extraneous source of ion~
ization is required to-initiate the discharge within
the counter. The counter described in the ar-
ticle referred to operated to give a current -of
1.6 X107 coulomb per discharge.

The underlying theory of operation -of the
novel muilti-element pick-up device or pattern
receiver contemplated by the present invention
is generally similar to that of the Geiger point
counter of Fig. 2. The contemplated arrange-~
ment of the novel receiving device is shown in
detail in Figs. 3 and 4. As illustrated, pattern re-
ceiver 26 comprises a suitable gas-tight chamber
formed by cylindrical shell 61 of suitable insu-
lating material, a closure block 62, also of 'suit-
able insulating material, and a face plate 63
which, in the present embodiment of the inven-
tion, is of beryllium. A plurality ‘of separaced
wires which may be steel, platinum-or other-suit-
able material, as wires 64, 65 and 66, are sealed
through block 62 and extend into the chamber
to within a short distance from the inner surface
of plate 63.. As pointed out above; a centrally
located-aperture 31 extends through the-chamber,
providing a path therethrough for the incident
X-ray beam.,

The chamber is filled with air or another suit-
able gas at a predetermined suitable pressure.
The wires are closely spaced, for example, one
wire for each square millimeter of surface and
the number of individual wires may ‘be of the
order of 4,400. Each of the individual wires-acts
as a'separate Geiger point, corresponding to plat-
inum point 54 of the device of Fig. 2, while beryl-
lium sheet 63 acts as a common plate element; for
all of "the “points.”

Ezch of the individual wires of receiver 26 is
connected by a separate conductor ‘to a respec-
tively associated glow tube of indicator 'screen
32. Three of these conductors, 33, 34 and 3b. are
shown in Fig. 1; actually, of course, if receéiver 26
comprises 4,400 individual wires or points, there
will likewise be 4,400 individual conductors.con-
necting the points to the corresponding tubes.of
screen 32.

. As stated above, the back-reflection method is
preferably, although not necessarily, used, i. e. in-
stead of placing the-pattern receiver beyond the
crystal and receiving the pattern. affer the X-ray
beam passes through.the crystal, receiving deviece
26 is. placed on the same side of crystal.2l as the
source of X-rays, tube 24, and the pattern is
received as reflected back from-the crystal. .Use
of the baeck-reflection method substantially re-
duces-the time necessary for exposure-and elimi-
nates varying results due to-varying erystal thick-
nesses.

Nowas the Laue diffraction;pattern of: crystal
2{- falls upon plate 63 of receiver.26 (Fig. 1) iens
will be formed at those positions in.the gas with-
in-the chamber which are irradiated by the re-~
flected X-rays of the pattern. The pofential
across: plate 63 -and the “points” is:so:fixed that
-an instantaneous: discharge or-breakdown will.oc=
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cur between the plate and each peint correspond-
ing to the position at which an ion is formed in
the gas. A series of impulses are therefore frans-
mitted over the connecting lines to screen 32, an
impulse being transmitted from each of the in-
dividual wires, or points, of device 26 which is op-
posite to an “ionized position” of the device, i. e,
opposite to a point on plate 63 upon which a
diffracted X-ray impinges. The series of im-
pulses transmitted to device 32 at any moment
therefore, is in accordance with the X-ray pat-
tern reflected by crystal 21 and picked up by de-
vice 26 at the same moment.

Indicator device, or screen 32, in one form con-
templated by the present invention, is illustrated
in detail in Figs. 5'and 6. A plurality of lamps as
81, 82 and 83, which may be in the form of cold
cathode gas-filled tubes of the general type de-
scribed in an article, “Cold-Cathode Gas-Filled
Tubes as Circuit Elements,” S. B. Ingram, Eiec-
trical Engineering (Transactions), July 1939, vol,
58, page 342, are mounted in a suitable .circular
block of insulating material. The number and
position of the tubes in the bank of screen 32 cor-
responds to the number and position of the in-
dividual wires, or sensitive points, of receiver 26;
that is, there is a tube of screen 32 correspond-
ing to, and electrically connected to, each indi-
vidual wire of receiver 286.

The tubes, as pointed out, above may take the
form of cold cathode vacuum tubes of the three
element type, i. e., provided with a cathode, g
control anode and a -main -ancde. The conduc-
tion path between the cathode and the -control
anode is known as the control gap and the con~
duction path between the cathode and the main
anode is known as the main gap:

For the present purpose, the tubes are prefer-
ably somewhat smaller than the ordinary com-
mercial vacuum tube. The exact size of the tubes
is not controlling but it is contemplated, by way of
example, that tubes approximately one-half inch
in diameter might be used in which the over-all
diameter-of the screen, with a total of 4,400 tubes
would be of the order of three feet. It is ap-
parent, of course, that the pattern displayed on
screen. 32, while an exact reproduction of -that
projected onto receiver 28, will be a consider-
ably enlarged version thereof. This is a highly
desirable feature.

The operation of the glow tubes of indicator
screen 32 under control of the pulses set up in
pattern receiving device 28 may best -be under-
stood by reference to the schematic-circuit of Fig.
7. (Por purposes of simplicity of disclosure, only
two of the glow tubes of indicator screen 32-and
two of the sensitive points, or wires, of pattern
receiver ‘26 ‘have been iliustrated.) The control
anode of each tube is connected -over the indi-
vidual line provided to the respectively associated
sensitive point of receiver 28, i.-e., as-illustrated,
control anode 84 of tube 83 is connected by line
33 to its associated point in receiver 2§ (for ex-
ample, this may-be point-64 [Fig. 41) and con-
trol anode 85 of tube ‘86 is connected over line-3%
to its associated point of the pattern receiver.

A voltage from alternating current source 94,
the frequency of which will be assumed to be 68
cycles per second, is applied, through rescective
resistances 82 and 93, across the main gap of each
tube, for example across main anode 94 and
cathode 95 of glow tube 88 and acress. main anede
97-and cathode 98 of glow: tube:83. '

A ‘direct current ‘voltage from battery #f{-is
applied across the control:gap: of-each glow: tube
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and the respective gap of receiver 26 in series.
For exaniple, the negative terminal -of battery
{11 is connected to respective cathodes 98 and
95 of tubes 83 and 86 while the positive terminal
of the battery is connected.to plate 63 of patiern
receiver 28; the respective sensitive points of the
receiver are connected to control anodes 84 and
85 of tubes 83 and 86 respectively. This voltage
is not, in itself, quite sufficient to cause the glow
tubes to trip, or break down, bui, when aug-
mented by the additional energy transmitted
from pattern receiver 26 when a point is ionized,
the voltage applied to the control gap of the re-
spective glow tube will then be sufficient to cause
jonization and subsequent breakdown of the main
gap of the tube which will then light up or glow.
Thus, those sensitive points of pattern receiver
26 which are receiving X-rays will trip-off the
corresponding glow tubes of screen 32 and cause
a display thereon corresponding to the diffraction
pattern of crystal 2f (Fig, 1). The frequency
with which a respective tube is tripped-off will
depend upon the intensity of the X-ray diffrac-
tion from the corresponding portion of the speci-
men being analyzed; for very weak diffractions
a tube may merely flicker while, as the intensity
of the diffracted X-rays increases, the frequency
of the tube breakdowns will increase with a pos-
sible maximum of 60 per second, the frequency
of power supply 94, for the stronger diffractions.

There is illustrated in Fig. 8 the pattern dis-
played on screen 32 for a typical orientation of
a crystal. That is the observer starts the test
with the knowledge that the particular orienta-
tion of the crystal that . he is seeking will result
in the symmerical pattern of Fig. 8. He there-
fore manipulates the crystal on its mounting
(Fig. 1) while observing the pattern on screen
82 until the desired pattern of Fig. 8 is attained.

From the “pattern” of a crystal displayed on
screen 32 there may readﬂy be determined vari-
ous pertinent facts concerning the crystal, such
as the location and sense of the various crystal-
lographic axes and the handedness of the crystal.
This is true, not only in the .case of the mother
crystal, but in the cases of finished and partlally
completed “cuts” or plates as well.

The novel arrangement contemplated by the
present invention, one specific embodiment of
which has just been described in detail above,
makes possible the accomplishment in the mat-
ter of a few seconds of that which by previous
methods takes considerably longer. The orienta-
tion of & quartz “stone” can be determined imme-
diately with respect to all of the natural crystal-
lographic axes without the necessity of making
any cuts in the surface or immersion in a liquid.

While a specific embodiment of the invention
has been selected for illustration and detailed
description, the invention is not, of course, lim-
ited in its application to such embodiment. For
example, the arrangement is applicable to analy-
sis of crystalline materials other than quartz and
types of pattern receivers and display screens
other than those - described may -be utilized.
While certain advantages appear to reside in use
of the back-reflection method, this method need
not- necessarily -be used.” Alternating current
power supplies of frequency other than 60 cycles
per second may be utilized with corresponding
change in the maximum possible number of times
per second. that the respective glow tubes may be
tripped-off. In short the embodiment described
should be taken as illustrative of the 1nventmn
and not as restrictive thereof, -

5
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‘What is claimed is:- ; : :

1. In the analyzation of a quartz crystal appa~
ratus for displaying the diffraction pattern of the
crystal which comprises means for movably sup- -
porting said crystal,, means for projecting an
X-ray beam to said crystal, means for receiving
the diffracted X-rays on a sensitive receiver, and
means operating substantially in step with said
receiving means for selectively energizing. glow
tubes under control of said -sensitive receiver
whereby the visual pattern produced by the en-
ergized glow tubes at any instant corresponds to
the Laue pattern of X-rays diffracted by said

" crystal and received by the sensitive receiver at

15

20

25

30

36

40

G0

7%

the same instant.

2. Apparatus for orienting a spec1men of Ccrys-
talline material which comprises means for pro-
jecting a beam of X-rays onto said specimen,
means for receiving the Laue pattern of X-rays
reflected by said specimen on a selective pattern
receiver, a group of individual light sources, and
means for selectively energizing. the light sources
of said group in accordance with the pattern re-
ceived by said pattern receiver, said receiving
means and. said energizing means operating sub-
stantially simultaneously and in step. .

3. ‘Apparatus for analyzing a crystal of the type
capable of emitting a plurality of distinct dif-
fracted X-rays from.a single - incident X-ray
beam, comprising means for adjustably support- -
ing a crystal being analyzed, means for project-
ing an X-ray beam to said crystal, a pattern re-
ceiver for receiving the distinct X-rays diffracted
by said crystal, said pattern receiver including a
relatively large number of separate sensitive areas
each of which is activated by contact of diffracted
X-rays whereby said sensitive areas of said re-
ceiver are activated in accordance with the Laue
pattern of said crystal, a viewing screen compris-
ing a plurality of separate visual indicators, the
number of visual indicators corresponding to the

‘number of the sensitive areas of said pattern re-

ceiver, and means for energizing selected ones
of said visual indicators in accordance with the
diffraction pattern of said ctystal received by
said pattern receiver, said energizing means op-
erating substantially simultaneously with respect
to activation of respective areas of said receiver.

4. Apparatus for analyzing a quartz crystal
comprising a source of X-rays, means for adjust-'
ably supporting a crystal being analyzed, means
for projecting an X-ray beam from said source to
said crystal, a pattern receiver for receiving the
X-rays diffracted by said crystal, said. receiver
comprising a number of the order of 4; 400 of in-
dividual sensitive areas each of which is: capable
of being independently activated Yy contact of
diffracted X-rays wheréboy said sensn:lve areas are
activated at any one instant in accordance with
theLaue pattern of X-rays diffracted at that same
instant by said crystal being analyzed, a viewing
screen comprising a plurality of glow tubes, the
arrangement of said glow tubes comprising said
screen corresponding with respect to-number and
relative positioning to the arrangement of said
sensitive'areas of said pattern receiver, and means
for activating said glow tubes under instanta-
neous control of said pattern receiver whereby the
visual pattern resulting -at any one instant from
activation of glow tubes of said screen corresponds
to the pattern of X-rays diffracted at the same in-
stant by said crystal and received by sald pa.ttern
receiver.

5. Apparatus for analysis of a crystaﬂlme speci-
men capable of emitting a plurality of distinet
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diffracted X-rays from a single incident X-ray
beam, comprising means for projecting an X-ray
beam, means for adjustably supporting a crystal
to be analyzed in the path of the projected beam,
a diffraction pattern receiver comprising a plural-
ity of separate Geiger points, means for support-
ing said pattern receiver in position to receive the
X-ray pattern diffracted by said crystal, a screen
of cold cathode glow tubes, means for selectively
activating said Geiger points in accordance with
the diffraction pattern received and means for in-
dividually connecting each of said Geiger points
to a respective one of said glow tubes whereby to
selectively control the activation of said glow
tubes in aceordance with the activation of said
Geiger points.

6. In apparatus for analysis of a crystalline
substance capable of emitting a plurality of dis-
tinet diffracted X-rays from a single incident
X-ray beam, a Laue pattern receiver for receiving
the diffracted X-rays and for translating them
into a series of corresponding electrical pulses,
said pattern receiver comprising a hermetically
sealed chamber, a conductive sheet forming one
closure member for said chamber, a plurality of
distinet conductive wire-like members within said
chamber, all of said wire-like members being
spaced g like distance from said conductive sheet

and also being spaced a like distance from each:

other, a gas within said chamber filling the space
between said wire-like members and said con-
ductive sheet, and means for applying a potential
across said conductive sheet and the individual
wire-like members, the magnitude of said applied
potential being insufficient in itself to cause a dis-
charge between respective ones of said members
and said sheet but being sufficient to cause such
a discharge in response to movement of an ion-
izing particle between said sheet and a respec-
tive one of said members.

7. In apparatus for analysis of a crystalline
specimen capable of emitting a plurality of dis-
tinct diffracted X-rays from a single incident
X-ray beam, a receiver for reception of the re-
flected X-rays and for translation thereof into a
corresponding series of electrical pulses, said re-
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ceiver comprising a gas-tight chamber, g plural-
ity of equally spaced wires within said chamber,
a beryllium plate forming one closure member of
said chamber and exposed on one surface {o re-
flected X-rays, the projecting ends of each of said
wires being spaced an equal distance from said
beryllium plate, a gas within said chamber filling
the space between said beryllium plate and the
projecting ends of said wires, and means for ap-
plying a potential across said beryllium plate and
said wires, the magnitude of said applied voltage
being insufficient in itself to cause breakdown
between said plate and respective ones of said
wires but being sufficient to cause such breakdown
in response to movement of an ionizing particle
between said plate and a respective one of said
wires.

8. Apparatus for orienting a quartz crystal
comprising means for projecting an X-ray beam
to said crystal, means for intercepting the Laue
pattern of X-rays reflected by said crystal, a bank
of glow tubes, means controlled by said inter-
cepting means for activating selected ones of the
glow tubes to reproduce an enlarged version of
the Laue pattern intercepted by said intercept-
ing means, and means for adjusting said erystal
in the path of the projected X-ray beam in order
to bring the Laue pattern reproduced on said bank
of glow tubes into substantial accord with a pre-
determined pattern,
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