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Techniques for Growing and Mounting Small Single
Crystals of Refractory Compounds
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An apparatas I8 deseribed for gmm}gdﬁggh
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peratures Up to 1,6 C. The droplet

atals fm & smsll droplet of melt at tem-
pillarity at the junction of a thermocouple,

can be observed during fhe process t.'hmugh a nocular microacops, The hesting ia by
mesns of & high-frequency cocrent that can be geparatad by a Alter from the thermosouple

electromotive forpe, alluwin% the electromotive foroe (o he measured continucusly. The
apparatus is therefore sujtabls alag for determitiog melting poiots, f:-
The prosess of mounting and grinding the single-eyystal erositens for X-ray difrastion

and & simple but versatile micromanipulator ta facilitete these procedures are described.

1. Introduction

A necessary preliminary to single-erystal X-ra
diffraction ﬂtruﬂi];&l_ ia tha _FMGprumant of a svitable
singla-cry=tal specimen. The ideal specimen should
he purs, {ree from flaws or twinning, axd well enough
developed that the erystallographic axes can be found
from the grientation of edges and facss. In spite of
of the strictness of these requirements, usable erys-
tale of many substances can be found jn natural
minerals, or in products of manufacturs, because

size 15 ot Dnecessary. Ewven a crystal that iz

ﬂy; 0.05 to 0.1 mm in lepst drmension con ba usad

with ordinary X-ray cameras. Furthermore, if the

external developmeant iz poor, the crystal cen be
oriented by X-ray patterns.

It sometimes is found, however, that all available
specimens of a mineral ara either too impure or too
finely crystallized and that synthetic melts of the
}Jrﬂpﬁr composition, heated in 8 fwrnace, likewise

orm crystals that ara too small. This is the situ-

ation among the caleium silicates smd eluminntes of
portland cement clinker, which are being studied at
the Bureau,

Pravious ex]ioeﬁenoe in preparing X-ray specimens,
from melts at low temperatures [1, 13, 18),% indicated
that the mesi convement method is manvally con-
trollad cooling of the smallest droplet that will yield
5 c:hyat.&l large encugh to be uzed. The smell size
of the droplet minimizes the number of nuelei and
the accidental temperature inequelities that load to

wth of unhwanted crystals, [qurc impaortant, the
oplets can be obaerved by means of a sterecscopic
microscope during the entive process of exyatallizption,
Twing or other axtransous crystals can be detected
as eoon &s they form, and melted away 8o that growth
of the desired ervstal can be recommenced immedi-
ately. A much larger body of melt, which would be
necessary if the crystals were to be grown for opiical
or piezcalectric uze, is actually an ineonvenience whan
they need be only Iar%e enough for X-ray diffraction.
To take advantage of this fact, & spacial apparatus
wes assemblod for recrysiallizing emall samples st
! Reomtach Asacbule nf tl':'. Nolonel Beresu of Handerds, representing the

Futbland Cebent hiwocintab.
1 Figures I brackets indlests the lliarsture references st the end of thie paper.

high temperatures under the stereoscopic miero-

in order that the subsequent operations of mount-
ing the specimen and prinding off excessive glass or
crystalline mgterial might alse be carried out con-
veniently under the microscope, & micromanipulator
and eertain accessoriea were constructed. The meth-
ods described are not claimed to ba unique solutions
of the problem, but they are felt to be improved in
certain details over the techniques seen elsewhere.

2. Apvaratus for Crystal Growing
2.1 Hot-Wire Apparatus

Numerous publications have described small fur-
paces in which & sample can be placed [7, 15, 28, 30)
and electric heaters on which tho sample can be
moutted directly [6, 12, 17, 21] for microscopic obser-
vation, In the lattcr form of mpparatus, elaborate
insulation is not necessary to protect the microsco
ohjectives if the hot zohe ia made amall ensugh.
This fact makes possible zimpler construction and
less restriction on the angle from which the sample
can be viewed. An apparatus of the diractly heated
type was thercforn constructed. The heater con-
pisted simply of a 5cm length of 0.3-mm platinum
wire bent to u sharp ¥V and supported at the ends by
suitable binding posts. The wire was heated by
current from & 6.3-v transformer, the primary val_ta%g
of which was controlled by & continuously varisb
autotransformer or  foot-operated rheostat intended
for use with sewing machines, The droplet of melt,
held by ecapillarity at the point of the ¥V, waz ob-
served thmu%: & sumth micm&cu};e. A vari-
ahle-deneity filter, originally intended for the eye-
pieces of & pair of binoculars, served to protect the
obzerver from excezsive glare.

This hot-wire apparatus, when | fae
drafta, was convenlent for controlled crystallization
2t temperatutes up to 1,500° C. It provided no
indigation of the temparatura, however, except the
reading on an ammeter or voltmeter in the circuit
and the behavior of the sampla itsalf. ‘The anio-
transformer settings or metar readings corresponding

rotacted from
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to the melting range could be found by experiment,
bué when the temperature was high these seitings
adually changed ss the platinum wire velatilized.
thermore, 1t wes impossible without an inde-
pendent measure of temparature to detact small fluc-
tuatione due to air corrents or changes in line voltage.

2.2. Hot-Thermoeonple Apparatus
o, Conetruchian

In considering the addition of & device for meas-
uring the sample temperature, a thermocoupls was
preferred over a resistance thermometer or radiation

meter bessuse ressoneble accuracy could he
obtained without special ealibration of sansitive
element, and suitable measvring instruments were
already availabie,

Attempts to measure the sample temperature with
a thermocouple were discour because it con-
ducted heat from the sample. Even when made from
wire only 0.08 mm in diameter it gmatl]v lowerad the
termperature. The possthility of supplying heat to
the thermoeouple from a separate source in order to
counteract conduetion from the sample was con-
giderad, Tha more suitable procedure finally dis-
covered, however, was to use high-frequency alter-
nating current for the heating, so thet the direct-
current electromotive force produced by the thermo-
eouple could be separated cut by a filter and measured
independently. If this is done, obvicusly the hot-
wire arrangement need not be a four-terminal device.
The thermocoupla itself cen alsc serve as a heating
element nnd support for the sample.

The essantial parts that were sssembled for the
hot-thermocouple apparatus are indicated in figure 1.
The heater corrent 18 ohtained from a 50-w audio
amplifier of the tyipe used in public addre=s sy=tems.
The amplifier i= fed by w Hewlett-Packard model
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Froure 1. %reud divgrom for Aol-thermocouple apparatus.
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200BR. audio oscillator through a 10-turn helical
tentiometer, which is used as & voltage dividear for
centrol. This equipment, ha heen chosen
primarily because it wes readily availabls, is much
more elaborate than pacessary, As the output need
be cnly 25 to 30 w and freedom from hermenics is
not important, & power eupply built specially for the
purpose eould he simple nng MEXPEnsIve,
¢ power for hant-i% the thermocouple ia fed
from the cutput terminsls of the amplifier through
an additional 50-w audio outpué transformer, whose
secondery is used alone g2 en sutotransformer, To
prevent the transformer from acting a= s shor{ sir-
cuit for the thermocoupls electromotive iforce, n
blocking condenser must ba inserted in series with
the winding. The blocking condenger in use con-
siata of three standard 10-gf oil-filled units connected
in parsllel,

Tlke Blocking eondenser adde a considerable reac-
tive component to the impedange of the amplifier load.
For most efficient power transfer it is desirable to
balance the capacitence by means of an equal in-
duriive renctance in series with the load or reflected
through the output transformer; that is, the load
should be a series resopant cireuit st fhe frequancy
used, In addition, the output transformer should of
course have the proper turns ratio for the usual
msich of resistive impedances. These adjustments
have not been a.ecm*atanlg mada in the present appa-
ratus because it is found thot sufficient heating can
be obfained by the amplifier and transformar im-
pedances shown in fipure 1, with an ocacillator fre-

uency of about 4.7 ke, The resistance of the
?hannumupla is 0.1 éo 0.4 ohm, depending on ite
temperature, and the reactance of the condenser 1=
1.1 ohms at the operating frequency. Move careful
matching to these velues would be necessary if an
amplifier of lower power were used. If a low-ire-
quancy power supply such a2 a 400-cycle rotary con-
yt]‘; trans{ormer were 10 be used, the
impedance match would be extremely important
because of the lu.g%n reactance of the eomdenaer at
iow frequencies, The use of 60-cyele power would
probably be renderad impractical hy the large size of
the components Teqguired.

The thermocouple itself is mounted on an inter-
changeabls foue-prong Elug-’m ngesmbly. The four-
pmn‘f plug iz made by cementing together two
standard double banana plugs which fit inte a pair
of double banana jacks fastenad permanently in posi-
tion under the stereoscopic microscope, as shown in
figura 2. In order to replace the thermocouple with
& clean one for preparing 4 new malt, it is necessary
merely to plug in & new assembly,

The portion of the thermocouple that is actually
heated, at the junction, consists of 2-cm lengths of
0.28-mm platinum and platinum-I(-percent rhodium
wira. To raduca heating of the connectora these
ghort lemgths of fine wire are welded to 0.6-mm
extansion leads of the same metals, which in turn
make contact with the banans ]Jl!.lﬁ. Beveral of
the interchangeabla assemblies can made up in
advance by welding new lengths of fine thermo-
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Thermoemupde aase by,

Ficoee 2.

couple wira onto the heavier leads. The leads need
not hea mplmad, as thay are not contaminated by
contact with the melt; the amount of platinum wsed
por semple is therefore only sbout 0.06 dg

Tha thermaocouple is protectad from drafts by two
sheeta of mica supporfed by a brass frame, which
clips onte the Baﬂe].itﬂ bod{r of one of the doubls
banana plugs, as shown by dotted lines in figure 2.
Without the mica cover ne specigl protection for the
microscopa iz hecessary if tha wvertical econvection
eurrent from the hot wire is avoided, but with it
even this danger to the objectives is eliminated.

The heater current reschea the thermocouple
through the nearer pair of banano jacks shown in
figure 2. The jacks farther from the thermocouple,
which are lesz affected by the heat, can be used for
the measuring cirewit it convenient interchanga of
thermocouple assemblies is desired. For the most
careful work two extension laads made of the thermao-
couple metels are connected directly to the thermo-
couple leads by meens of the clampimy screws in the
second pair of banana plugs. iz arra ent,
which aliminetes ¢ontact potentials between the leads
?i.nd the banana plugs, 15 the one indicated in the

The mensuring circuit is conventional except for
the inclusion of the low-pass filter {fig. 1} to protect
the measuring instrument from the ac polential
scroes the thermocouple, which may be as high as 3 .
The filter must not be interposed betweon the thermo-
coupls and the cold junection, of course, if the exten-
gion, lends are to serve their porpose.  In order that
& milliveltmeter pyromoter that requires & low d-c
resisgtsnce may be used for temperature messure-
ments, the primary of & 100-w rodio power trans-
former, having an inductance of .6 h and a resistance
of 13 chms, iz employed as the filter choke. The

flter condenser congists of two 2-uf oil-Alled units in
perailel. )

All condensers in the heating and measuring circuits
mrust be of the nonelectrolytic type with sssentially
zero condduetance in either direction. The slight
recillying action of an elecirolytic condenser could
lead be & comparatively Intge error in the measure-
ment of termperature,

k. Calibration

The convenienee of the hot-thermocouple appara-
tus for its original p e of growing emall single
erystals was immedistely obvious when it was put
mio operation. In one of the first experiments a .
limealuminae melt in the primery phase region for
tricaleiorn alumminate produced a eryzial of that com-
pound better in size and perfection than had besn
found possible with any other method. The main
value of the temperature messurement in growing
cryztals is for precise conlrol during cne experiment
lasting up to 2 bhr. Reproducibility of readings with
duplicate samples on the same thermocouple or with
duplicate thermocouples 13 less important. In view
of the other ible usea for the apparatus, however,
the absolute aceurscy of the temperature messure-
ments wns tested as wall pa the procision of control,

For these tests the oscillator and amplifier were
powered by a Sols constant-voltage transformer.
A potentiometer whoee smallest scale division is 0.001
mv and a8 Leeds & Northrap Speedormax recordar
whose smallest scale divisjion is 0.05 mv wera con-
nected so that either might be used at will. The
recorder, which prints one peant in 3 sec, follows more
rapld fuetustions than the galvenometer used with
the potentiometer. When the apparatus was care-
fully protected fromy drafts, with the thermogoupls
at gbout 1,000% C, the minimum fluctuation in the
recorded electromotive foree over 10-min periods was
4002 mv. As the averare potentiometer readings
agreed with those of the recorder to within less than
0.02 mv at this and several lower temperatures, the
thermocoupls electromotive forces were read there-
after from the recorder chart. '

Three of the interchangeable thermocouple azscm-
blies were made from singls lengths of wire 0.25 mm
in diameter. These lengths were taken from 100-
fnot rolls that had been purchased by the Chemistry
D¥ivizion of the Burean under strict specifications for
homogeneity. Calibration ceriificates were avail-
eble for couples made from each end of the oripinal
lengthz of ware; their agreemant within the limits of
error of the calibration indicsted the corrections to
be valid for all couples made Irom this wire. The
corrections amounted at most to +8.5 deg, at an eleg-
tremotive foree of 16 my, ovar the temparatures read
from & standard reference table of thermocouple
potentialz [23).

The three thermocouples wore 'emqlu_wd, with u
eorrection chart, to determine the melting pointa of
five inorganie compounds. The first two couples
wete used with barmom disilicate and the third with
potassiom sulfate, sodinm sulfate, potaszinm chlotide,
and sodium chloride, in that order. The barium
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standard by Euk [8], and the other salts were of
reagent grade. It was found most convenient in pre-
paring for each determination to grind the substance
1o an agate mortar, meisten the powder slightly with
reagent grade xylene, and transfer a small ameunt of
the paste to the thermocouple junction with & micro-
spatuly. All the substances that have heen tesied
adhere satistactorily when treated in this way except
potassium sulfiate, which decrepitnies ot the .o
transition poiat,

The melting points were determined with the appe-
ratus in & closed room but without the use of wny
shield apainet drafts except the two sheets of mica in
their holder, TUnder these conditions the recorder
showed random fluctvations up to L 0.05 mv, or about
4 dﬁ at 1,420° . The results of the experiments,
lieted in table 1, indicate # maximumerroroi £ 5deg .

disilicate was a sample zjynt.hesized a8 & malting-point

Tanwe 1, Meltingpoind delerminatione twith the hot-thermo-
conple anparodug
Malting paint
T=Itiog paln,
Compamd glvm In the Ht-
fownd renture [
= ayr
e e i
] TS i 4
Y L ot R4
K80, S 1, 1,08 1
T 2510 IR 145 148

The value listed for barium disilicate is an averaga
of three determminations—two mede with different
thetmocouples on samples with no preliminary hent
treatment, and the third after holding the sasmple for
4 hr at 1,420° €.  All thres estimates apreed within
0.02 mv, or le=s than 2 deg.

c. Oiher Appllcations

The performance of the ppparstus in these experi-
ments mdicated it to he satislactory in the present
form {or determining ma]tinlgapnints over the working
rapge of the platinum nnd platinum-rhodium thermo-
couple wire, with an accuracy ol 43 deg even at
1,420° C. If grenter precision is desired, the high-
fraquency }ijuwar supply can be equipped with auto-
matic regulation to decrsase the amplitude of the
random Huctuations i temperalure. Any of the
wall-known methods of regulating hester voltage or
current, ot the resistance of the heating element [20],
iz obviously applicable; perhapa the most desirable
regulator would be one sensitive to the thermocouple
electromotive force, using the methods of converting
the direct to alternsting current, and of amplifyring
minnte a-c wol , which are wall eztablished in
industrial controller designs.

In considering the uza of the hot-thermocsuple
apparatus for precise determination of a melting
poiat or other transition temperature, several factors
must be taken into aeepunt.  Volatility of the sub-
efance renders the method uselesa if 1t causes the
sample to disappesr or to change significantly in
compotition during an experiment. diom ehlo-
ride, for instance, wvaporizes rapidly encugh to

necessitats some haste in the melting-point deter-
mination, Corrosion of the thermocouple by the
molten sample also renders the method veseless if the
composition of the sample changes significantly.
The effect of slight contamination on the eleetro-
motive force of the thermocouple is probably lem
important as there is litile temperature gradient
within the eontaminated portion of the wire near
the junetion.

Tine t-h{:.rnmnm;ple elestromotive foree is an aec-
curate measure of the tempcrature st the center of
the junetion, but a comparatively large temperature
gmd]ient. exists between the surface of the wire and
the outer surface of the sample. This gradient is
nctually a help in growing si.ngllae crystala, and causes
no arcor in the determination of troe melting points
if the bebavior of the meterial nearest the junction
is observed. It may lead to djsjei_gmgatmn, however,
if the =olid and liguid have different compaositions.
For this reason the apparatus probably should ba
used in the investigation of multicomponent phase
diagrams only for a rapid survey prelimipary to
detailed inveatigntions by other methoda. Bendi
the wire in such & way as to form a radiation shiel
[19] might well gliminate the temperature gradient
within the sample, although probably st the coat of
visibility.

A tem ture gradient is to be expected from the
center of the thermocouple wire to its surface. The
maximumm temperature diffsrence within the wira may
be colculated approximately by the formula [28]

AT=qri/dk,

where ¢ i the rate of heat generation par unit volume
of the wire, r is the radiue of the wire, and % is ita
heat eonductivity. The lenst favorable values of
these quaniities In the present apparstus may be
taken as g=2.9310° calfaee ¢m® (corresponding to
the 8 w dissipated per centimeter of wire at 1,450° (),
r=0.0125 em, and ¥=0.07 cal/sec em deg (reported
by Borratt [3] for platinum-10-percent rhodium at
room temperature), The temperature difference cal-
culated from these velues is 2.2 dep C. Ae this i
leza than the experimental error, the temparature

adient within the wire has been ignored in practice.

he skin effect of alternating current tends to reduee
the temporature pradient, but that affect i3 negligible
at the frequency used in the present apparatus.

The principle used in this apperatus, heating a
thermocouple by an alternating current that is fil-
tered out s¢ that the thermoecouple electromotive
force can he measured alone, has boen described in
the literature [5, 14] &3 long ago as 1919, The tdea
atill seems to offer possibilities in untried applications,
guch ag the measurement of surface temperatures
f22], optical pyrometry [¥], and alimination of error=
causedp by tﬂe hent conductivity of thermocouples
29).

3. Mounting Specimens

When & single crystal bas been grown in a droplet
of melt, the preparation 1= ecoled to room tempera-
tura as rapidly as possible in order to minimize fur-
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ther crystallization. The bead of pglass 1s readily
broken off the wire by bending the latter away from
the head with fine pliers. Then it is necessary to
mount the spacimen in proper orientation on the
usunl glass fiber attached to a brass pin thet fits the
goniometer head [32] of the X-ray apparatus.

Orienting of the eryatal ia facilitated by the visi-
hility of facezs and edges during crystallization.
These oiten hecome more difficult to see after the
specimen coole, but, i necessary, the interfering

ect of refraction at the surfuce of the glass sur-
rounding the crystal can be overcome by immersion
in & guitable index liguid.

Before the crystal is mounted, the plass fiber is
attached to the goniometer pin.  The adhesive beat
suited for this purpose an
stable nt fa,:irl&hlgh temperatites is Lewelem’ shellac,
which wete the surfaces remdily when mealted and
hardens immediately on eooling. The fiber is co-
mented in place with the said of a hand-held hot
wire [26, p. 198].

It is degirable that the glass fiber be capable of
some tilting relative to the poniometer pin in case
the meccidentsl misorientation of the crystal is not
fully correctible by means of the movable ares on ihe

niometer head, Frequently this has besn done

¥ aoftening the cement holding the fiber on the pin;
another methaed has been the use of & goniometer pin
with a thin, fiexible section near the end [18, 27].
The method vesed is to solder on the goniometer pin
& 15-mm length of 0.4mm (0.018-in,} copper wirs,
aa shown in figure 3. The wire is amply rigid to
support the fiber and specimen, yet it can easily be
hent with fine pliers or tweezerz when necessary.
The advantaga of this ent i3 that tliing of
the crystal can be done by displacing the lower end
of the fiber, which iz mitached to the wire. Thus
the eryatal is not decentered while beaing tilted, as it
is when the goniometer pin itself bends.

/EO ODIB-INGH
aoenon” |3 COPPER WIRE
HOLE S
I[N o5
3 BRASS ROD
=

Frevms 3. Gonrfomeler pin wilh ylass fiber.

for mounting eryatala-

When the fiher has been attached to the goniomatar
pin, a small amount of shellae is melted onto the
upper end. The next step is then to hold this end
of the fiber against the specimen in the proper orien-
tation, heat until the shellae adheree, and allow to
cool in the seire position, The heating is done with,
a tiny hot-wire too]l made from 8 5-mm length of
G.015-mm platinum wire, which i3 conmected to the
6.3-v transformer in seres with a 22-ohm resistor,

4. Micromanipulator

To facilitate the procedure of mounting the apeei-
men, some form of mieromanipulator iz desirabla. .
Most of these described in the literature are either
desigred for use with s mono-ebjective microscope at
high magnifications [2; 4; 10; 16, p. 62-72], &nd
therefore delicate and limited in range, or adapted to
coarser work but diffieult to eonstruct [11; 26, p.
202—+4]. An nitempt was therofore made to design
an a tus that would serve the purposa and yet
require as little precize machining ae possible in con-
struction. ‘The apparatus was intended for use with
A stereoscopic micrescope on & vertical-pillar stand
with horizontal extension arm and weighted bass,
It will be described in deiail in the hope that the
description may be useful to others and stimulate
improvaments In the kinematic design [26, 31] of a
gimple manipulator.

The complete apparatus is shown in figure 4. It
consiata of a base plate, A; two manipulators, B; and
a thres-lepped platforin, C. The bass plata and the
other flat pieces are cut from g H-inch steel plate, a0
that their weight insures stability.

Each of the manipuolators, B, is in principle simply
an ordinaty laboratory t;_'leimd stand whose bas=e 1 a
45° right triangle with leveling screws at the vertices.
The enda of these adjusting screws ara positioned by
aix amall Blocks bearing 90° V-grooves, mountad on
the base plate. In each set of three bl’mhs, two are
turned a0 that their grooves are parallel, and the
third has its groove iiiendicular to the direction
of the other two. manipulator iz thereby
constrained to a single definite position at all timea.

FPlatform € ia an equilateral trianple. When set
in place on the base plate its legs are positioned by
the three larger Y-blocks so that the center of the
triangle is alimost directly above one of the adjusti
gerews of each manipulator. Objects can be place
on the platform nod oparated upon with microtools
attached te the jointed column that is mounted oo
each of the manipulatore.

The toolz are usually moved by mesans of the ad-
justing screwa at the sides and st the rear. Ench
scTew csuses its manipulator base to tile sbout & line
between the other two scrows.  The peometry of the
srrangement 13 such that the tilts produced by tha
acrews at the side and at the rear correspond to hor-
izontal motions of the microtools suspendad above
the eenter of the triangular platform, As the serew
heliw the canter of the platiorm ia st the 90° vertex
of each manipulator base, the horizontal motions
are at right angles, The serew at the rear moves
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Fiaoae 4.  Micromanipulmior.
A, Bas plate; B, mptipatisdor: C, plabfonm.

the tool back and forth, and the one af the side moves
it from side to side.

As the height of the tool above the base plate is
appromumately equal to each leg of the 45° right tri-

le, the motion of the tool 8 equal in sensifivity
maximum travel to the motton of the corre-
gponding corner of the manipulator base along the
adjusting secrew. The present model has a seneitiv-
ity of 0.08 cm per turn and & maximuom iravel of
about 2.5 eim,

Although the two horizonia]l motions are independ-
ent, & vertical movement requires simultaneous
turning of all three adjusting serews. Thetefore,
it is ordinarily most convenient to adjust the height
beferehand and use only the horizontal motions if
poesible.

The colimn for supporting the fools, which is
mounted on each manipulator, has two hall-and-
socket jointa {tripod tilt tops, which may be ob-
tained from most photopraphic supply houses), The
two joints are connected by s length of 1-in, round
aluminum rod, suitably threaded. At the upper end
is a shorter ienpth of the aluminum red, drilled and
aquipped with setscraws {0 hold the %-in, poniomater
pins. All the tools used with the micromanipulator
are mounted on %-in. hrass rods o that they can ha
attached in the same way.

The use of the ball-and-sockat joinis has the great
advantage that tightening them does not displace

the object being adjusted, and the chanece of acei-
dental Jamapge to delicate specimens iz minimized,
As they are Ioosened during adjustment, there is no
tendency to sfring hack out of position a8 with fric-

tion joints. It is desirable that all four ball joints
be capable of turning to sny direction within a com-
plete hemisphere. Two of thoae in the present modsl

are not, and the resulting limitation in fledbility is
occpstonally inconvenient, even though they are
used in the lower positicns.

The adjuating screws, which are X in. in diemeter
and have 32 threads per ineh, are made with a con-
ical recess in the lower end. This 90° cene rests on
a steel ball ¥ in. in dismeter, which is positioned by
the V-bloek. The combination provides 2 kinematie
desifn in which ¢he smecoth, hord surface of the
stee] ball minimizes chattering when the screws are
turned.  Furthermore, if this surface becomes worn
or damaged the steel bell can be replaced very
cheaply. A short piece of flexibla plastic tubing 1=
alip over sach V-hlock to prevent the sieel balls
from rolling off when tme of the manipulators is
hifted from the hase plata,

The adjusting screwe wera cut on a lathe to insire
that the seraw threads would be coaxinl with the
conical surface; this was tha only precize machining
used in constructing the assembly. The corre-
sponding threads in the monipulator bases were
made by hand with s standard fap.

The screw arrangement has disadvanteges, heiog
kinematically overspecified and therefore tending
to allow latnrel movement unless made to a very
fine tolerance. This tendency waa overcome to &
considerable extent by preloading each serew with
the simple device shown in figure 5, consisting of a
leaf of Y4-in. phosphor bronze with two t:;ﬁped
holes and & pointed setserew. The tool can still be
moved laterally by almest 0.001 in. if & horizontal
foree ia deliberately axerted on one of the adjusting
knobs, but the force required is great encugh so
thet in practice no aceidental motion oceurs. Pos-

Frague b,  Spring leading of adjusling seren.
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sibly other methods can be devised to eliminate
the lateral movement entively.

The manjpulator has been used for abmost a year
a5 8 permanent adjunct to the stareoscupm mierg-
geope. It has proved versatile and convenient for
magnifications from <54 to XM, On one ocea-
aion, a standard petrographic microscope was sct
on the trianpular table, and the manipulator wes
used to operate an implement on its atage at about
% 150. Even under these conditions the precision
and fresdom from vibration were satisfactory, al-
though the increased height made the arrangement
cumbersome,

The present model is less sensitive to vibration
than the mawipulator described by Strong [26, p.
2024], probably because of the rigidity of the 1-n.
aluminum rod used for the jointed eolumm. Fur-
thermore, the strength of the ball-and-ascket joint
when clamped makes it capable of supporting much
heavier ohjects; even & electric-motor grinder
weighing more than 200 g has bern used os an
lmF ame];I;]i;le d that th li gired d

tia ved that the simplicity, m nesg, I
chesprness of thiz A pmt.ug mia it valuable in
many uses {or which more elaborate aquipment s
not absolutely necessary, in sddition to the mounti-

ing of cryztals.
8. Grinding

The specimen containing a desired orystol may
also contain exirs crystals or excessive amounts of
glass. If so, it is necessary to remove the unde-
sirable portions of the specimen and leave the erys-
tal undsmaged. This can best be done by mount-
ing the specimen a8 usual, in such a position that
the undesirahle portion iz exposed, and then care-
fully removing that portion. A similar procedure
of mounting mnd then removing the excess is nec-
es.aarj' ii eylindrical specimens are desired to aim-
plif 1;,' absorption corrections.

ha slow remove]l of 2 part of the specimen is
often dome by hend with a solvent applied on a
camel's-hair brush. In some cases no smtable =ol-
vent ran be fonnd, and mechanical removal becomes
necessary. A small grinder to be used for this pur-
pose vn the micromanipulator was made from a
minjature 27.5-v Alnico field motor, by fitting a
simple sdepter on the shaft so that standard abra-
sive tips with %-in. shanks could be used. The
motor eperates satisfactorily on 120-v 40-cycle alter-
nating eurrent, with a 25-watt hulb and seleniom
mmtr et in series and & 1,000-microfarad electro-
tic condenser in parsllel. The best grinding sur-
ace was ohtnined by stirring o pinch of 5-u dismond
powder into & few drops of thinned lscquer and
coating a ¥-in, polished steel shaft with the mixturs,
A surface thus prepared was found to cut man
times faster than any other that has been tried
In addition, itz relative smoothness caused much
lass vibration of the specimen than had previously
been congidered unavoidable, reducing conziderably

the chance of sceidental breakage or loss. The use
of diamond powder in other types of erystal ding
apparatus, such as that of Sturdivant [27] for suto-
matically producing a ¢ylinder, would probably have
similar atﬂmntages, its added convenience malkes
the effort of procurement worthwhile, and its cest
per specimen 1s slight,
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