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Potentionalities are cliscussecl oj itsing the optical microscope combinecl 
with a microphotometer ancl a hot stage Jor recorcling aittomatically the 
course oj temperatitre changes in minerals ancl non-homogenoii.s materials, 
in a temperatnre range oj up to 1,500 °0. The stnwtiwal ancl volume chan­
ges ancl reactions are recorclecl as changes in the intensity oj light trans­
mittecl tlwough, or partly screenecl by the pi-eparation. 'l'he methocl oj 
cletermining temperature-clepenclent birefringence changes ancl transmissi­
vity changes is clescribecl, as well as the clilatometric methocl, ancl examples 
shown oj the use oj these methocls in various fielcls oj research. 'l'heir 
comprehens.ive apJJlication rencle1·s possible a partial quantitative cle­
scription oj phenomena observecl visually in the hot stage, extencling tliiis 
the possibilities oj the establishecl thermic methocls. 

INTRODUCTION 

Microscopic examination of a heatecl material provicles ample possibilities of 
stuclying clecornposition, melting_ and recrystalization processes, polymorphic 
transformations, etc. In cement, ceramics and glass research, the examination 
by transmittecl light is of major importance, since, apart from the study of the 
above processes, it also permits to measure some optical properties [l]. However, 
the visual examination of processes developing in the heated material mostly 
provides only less exact information on their kinetics; therefore, new ways 
how to simultaneously record the value which would better characterize the 
na.ture and the course of these processes are being searched for. One of these 
ways, introduced by R. P. Miller and G. Sommer [l], consists of combinig the 
hot stage with high temperature D.T.A. The heated thermocouple method [2] 
which is especially suitable for melts has a drawback due to the rough surface 
of the specimen; in a medium with a low refractive index this results in a lower 
quality of the micrograph. The measurement of optical va.lues or the exami­
nation by transmitted light of processes taking place in solids at higher tempe­
ratures require the preparation of thin sections [3] polishecl on both sicles; 
if the liquicl phase develops later on, examination by light reflected from a pla­
tin um plate has to be usecl [ 4]. A series of valuable data on the nature ancl cle­
velopment of processes studied visually when using a microphotometer hot 
stage may by obtained by recording the change in ťhe intensity of transmitted 
light. This applies in particular to birefringence changes in crystals, recrystal­
lization of glass, thermic dissociation of substances, development ofliquid phase 
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in polycompone1:it systems and exact determination of the melting point. 
Combined with a hot stage and a microphotometer, the optical microscope rnay 
also be used as a high-ternperature dilatometer. 

EQUIPMENT 

A Leitz not stage (1350 °0) [5] adapted for a ternperature range of up to 
1500 °0 and attached to a Leitz Ortholux Pol microi;;cope was used. The hot 
stage is designed as a vertical resistance rnicrofurnace with a Pt-Rh ·winding. 
and a water j acket. In the inner heated tube of the furnace (Fig. 1) a sintered 
corrundurn. tube (3) is placed coaxially supporting the lower platinurn plate (4) 
with a hole for the thermocouple joint (5). The. wires of the thermocouple are 
led from the opposite end of the tube (3) past the hole in plate (4) so as not to 
obstruct the observatión. Pfo,te (4) supports a platinum slide (6, 12), an insert 
with a larger hole (8) or rings (13) and an upper platinum plate with a hole 
(9, 15). - The remaining space of the microfumace is filled with porous Al2O3 
ring (10, 16) and covered by an upper metal plate (11, 17) cooled through 
the contact with the water jacket of the stage. Each platinum plate has two 
small symmetrical openings enabling the plate to be picked up with a forceps. 
It is thus easy to insert and remove the preparation or to interchange both 
alternative arrangements. The current for heating the stage is supplied by a 

11 

d b 

11 

14 
� 

Fig. 1. Arrangement oj the hot stage inner space. a-for thúi seclio11s a11d thin preparations, 
b -for microphotodilatometry; 1 - sintered cornmdim1 tube; 2 - heating coil; 3 - inner 
sintered corrundwm tube; 4 � lower platinum plate; 5 - thermocouple joint; 6, 12, - sup­
porting slide oj the preparation; 7 - thin preparation; 8 -platinum insert; 9, 15 - upper 
platinum plate; 10, 16 - porous AhOJ plate; 11, 17 - upper metal plate; 13 - platinum 

ťing; 14 - test specimen. 
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variable voltage transformer with a reversible synchronous motor. The trans­
mission to the transformer axis is provided by a closecl loop of a steel strand 
and by a disc with openings permitting the heating and cooling programs to be 
selected by the location of pins. Due to the small mass of the microfurnace, 
a satisfactory linea.rity of the temperature changes in the preparation can be 
obtained. 

For transforming the intensity of light into electric voltage, the photo­
metric part of automatic Quantanal P-20 (6) quantitative analyzer has been 
used, in combination with the x-y-recorder. This de'vice has the advantage 
that the diaphragm placed in front of the photomultiplier may • be readily 
exchanged and the size and fonn of its opening selected. The photomultiplier 
being removed the image can be seen on the screen. 

As the light source a low volta.ge lamp was used, fed fron1 a controllable 
stabilized direct supply unit ofthe Quantana.I P-20 apparatus. All measmements 
were carried out by means of monochromatic light with interference filters in­
serted between the diaphragm and the photomultiplier; this permitted the 
preparation to be simultaneously examined in white light. The influence of 
radiation emitted by the heated preparation had to be suppressed by selecting 
a suitable wave-length; this is still feasible within the visible part of the spec­
trum at temperatures ranging to 1200 °C. For temperatures of up to 1500 °C, 
a wave-length A.= 376 nm was usl:ld for ,vhich the intensity of the emitted 
radiation, compa.red with that of the transmitted light, in most cases did not 
reach measurable values. For highly absorbing preparations the background 
can be established by periodical short time screening of the lighting, and in 
such cases the records have to be corrected according to the backg�·ound curve. 

'iiVith regard to the negligible mass of the preparation, a temperature change 
of 20 °O/min was used. The microphotometer was fed by a regulated power 
supply whose stability during the time needed for heating the specimen to 
1500 °C or, possibly, for cooling it (150 min.) met all accuracy requirements. 
The stability ofthe apparatus was tested by long-term recording ofthe constant 
photometric deviation, and its attainment after switching on was always 
registered graphically. In the course of measurement the stability of the appa­
ratus was checked by comparing the adjusted value- of the photometric 
deviation without the preparation before and after the measurement. Occasional 
fluctuations, in the course ofmeasurement, which might,be due to extraordinary 
mains voltage variations, are easily discernible in the recording. 

All photometric measurements were made with the upper silica glass of the 
hot stage removed, the transmissivity of silica glass being subject to conden­
sation-dependent changes taking place during the heating. The influence of air 
convection in the proximity of the preparation was minimized by the internal 
arrangement of the stage and by the selected size and fonn of the opening in 
the upper metal plate of the stage. At higher temperatures, the light refraction 
in the heated air layer between the hot sta.ge and t.he objective produced 
fluctuations in the deviation indicated by the microphotometer. This effect was 
fully eliminated by placing a small fan at a_certain distance from the microscope; 
condensation on the front lens ofthe objective was thus simultaneously elimin­
ated and the cooling of the lens improved. 

The data furnished by the Pt/10 % Rh-Pt thermocouple were corrected 
for the real temperature of the preparation according to the �-°' quartz 
inversion and according to the melting points of gold, silver, and diopside. 
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These temperatures were established by photometry, as will be described 
further, and a scale of real temperatures for the x-y-recorder was drawn up 
acording to the correction curve. 

TEMPERATURE-DEPENDENT BIREFRINGENCE CHANGES 

Preparation of specimens 

The thin sections used for measuring birefringence in the hot stage must be 
well polished on both sides and their thickness selected so that the retardation 
of the grain sections to be measured do not exceed the value of the wave-length 
of the light by which the measurement is effected. For this purpo'se a polished 
section is fixed on a glass slide with epoxy resin, and the final operation in pre­
paring the section consists then of repeated polishing which (possibly in com­
bination with etching) rnay reduce the thickness of the thin section to less 
than 10 µm. The detaching of the thin section is carried out by evaporating 
the resin at elevated temperature, preferably in a space connectecl to vacuurn 
pump. 

Photometric measurement of birefringence 

The relationship between the intensity of light transrnited through an opti­
cally anisotropie crystal between crossed nicols and the relative retarclation of 
light rays rnay be used for the photometric determination of birefringence. 
This rnethocl, however, is accurate enough at low retardations only, and only 
within the first order region· it may compete with other accurate rnethods. 

At first, a photometric deviation-retardation curve is constructed by means 
of a quartz wedge and a compensator. The quartz wedge is placed diagonally 
in the cross guide on the microscope stage so that its retardation may be corn­
pensated e.g. by a Berek compensator. By moving the wedge diagonally, the 
microphotometer is adjusted for minimum deviation corresponding to retar­
dation J../2, ancl this deviation is adjustecl for the whole range of the recorder 
scale. By moving the wedge, the photometric deviation is adjustecl for the 
first minimum, and moving it gradually back, the deviations of the recorder 
are recorded and, at the same time, the values of the corresponcling retarda­
tions measured by the compensator. The compensator remains permanently 
insertecl in the slot of the microscope and, ,vhen recording photometric devia­
tions, it is adjusted for zero retardation. The compensation is made according 
to the minimum deviation of the microphotometer, with the titne constant 
adjusted at a minimum. The measurernent is ca.rried out at a wave-length of 
light used for high tern:perature recording and the size of the opening in the dia­
phťagm of the photomultiplier is" selected with respect to the relationshjp 
obtained, which is affected by the optical system of the <levice employed, as 
shown in Fig. 2. 

vVhen using this diagram in order to determine rnicrophotometry of the 
amount of retardation, the following procedure is to be adopted: 

At zero retardation of the compensator, the grain to be measured is placed 
in a diagonal position and the resulting retarclation is adjusted by the compen­
sator to a },/2 value for which the photometric deviation reaches its maximum. 
The difference between this deviation and that occurring at. the extinction 
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of the microphotometer for the same maximúm as when plotting the diagram 
(Fig, 2). After returning the compensator to the position of zero retardation, 
the value of retardation A may be read directly from the diagram against the 
photometric deviation and, the thickness of the thin sections being lrnown, the 
value of birefringence may be calculated for the wave-length used. (In accurate 
measurement, this value has to be corrected for the change in photometric 
deviation due to the inclination oť rotating compensators, For this purpose, 
too, graphical representation of the relationships of the compensator used 
is recommended), 
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Fig, 2, Photometric cleviation [ V] retarclation relationshiJJ (A = 367 mm) ancl acljustment oj
initial retarclation by compensator curve; A - initial retarclation oj the section, A 1 - pho 0 

tom.etric cleviation correctecl by compensator, A 2 - starting point oj measurement with shijtecl,
. cu,rve JJassing through, R - retarclation.

The dia.gram in Fig, 2 shows that for recording automatically the tempera­
ture-dependent changes in birefringence, a temperature range in which the 
curve in the 0-?,/2 interval is almost linear is the most suitable, Since it is 
difficult to prepare thin sections with the required reta.rdation value of the 
crystals to be measured, it is possible by means of the compensator to shift 
the retardation value into the 0-?,/2 region, as may be seen in Fig. 2. In 
such a case, however, when the retardation of the crysta.l measured decreases 
t9 the value for which the correction was made, the photometric deviation 
reaches its minimu.m, increasing then with ťLU"ther decrease in retardation, 
Then the real amount of retardation in the measmed grain may be determined 
by means of the shifted curve, in a manner shown in Fig, 2, The determination 
of the real retardation in the heated grain by means of a compensator may be 
substantially simplified by using a transparent. vVhen moving point A to 
position A 1, by means of the compensator a curve is drawn through point A 2 

on the transparent, to ,vhich correspond the same amount of retardation and 
the new photometric deviation. The real retardation corresponding to the photo­
metric devia�ions recorded during the heating may be found by means of the 
shifted curve on the original scale of the diagram, 

The above technique of converting photometric records into the course of 
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temperature-dependent birefringence changes requires the measured material to 
exhibit cónstant absorption of light, which however, tends to vary at higher 
temperatures, especially due-to surface changes; corrections can be made for 
temperature-dependent absorption changes recorded at the same wave-length 
of light. 

Arrangement of eq uipmei1t and measlU'ement 

The arrangement of the inner space of the hot stage is shown in Fig. la. 
A thin section fragment is inserted between two platinum plates with hole 
(6, 9), in a space provided by a platinum insert (8).

vVith regard to the size of the grain measured, the size of the circular opening 
in the diaphragm pla.ced in front of the pqotomultiplier of the the photometer, 
as well as the magnification of the lens are chosen so that the slU'face scannecl 
be representative enough, without risking that its perimeter woulcl get too 
close to the grain boundary in .case of a possible clisplacement of the thin 
section. Such a displacement procluced by the heat expansion oť the micro­
furnace, limitates the minimum size oť grains whose birefringence can be 
recorded photometrically as a function of temperature. In the <levice used for 
this study, the critical size of grains was about 100 I.Lm. Since in the hot stage 
the distance between the thin section and the condensor of the microscope 
is greater, there is an advantage in using a low aperture condensor lens destined 
originally for a universa! stage. 

The selection oť grain suitable for measurement and the determination of 
thiclmess of the thin section in this place by high magnification must be done 
before the thin section fragment is inserted in the hot stage. In the hot stage, 
the grain is placed in a diagonal position with the maximum oriented inversely 
with respect to the compensator, and the photometric deviation of the first 
maximum, acljusted by the compensator (reta.rclation J,./2), is modified by the 
control elements of the microphotometer for the value of the maximum pho­
tometric deviation in the diagram of the photometric deviation - retardation 
relationship. The compensator being moved back to the position of zero 
retarclation, the photometer inclicates a deviation corresponding to the actual 
retardation oť the crystal in the thin section. A suitable starting value of photo­
metric deviation is adjusted by the compensator according to the supposed 
extent of change in retarclation under heating, and ťurther temperature­
dependent changes in the photometric cleviation are automatically recorded 
after the heating has started. 

TEMPERATURE-DEPENDENT CHANGES IN LIGHT 

TRANSMISSIVITY 

When a light beam is transmitted through a continuous medium containing 
particles of varying refractive indices or consisting only of such particles, its 
intensity decreases under the effect oť diffusion. This decrease in intensity 
depends on the number of párticles and on the relation of their size and distance 
to the wave-length of the light. When the size of the particles substantially 
exceeds the wave-lenth oť light, diffusion is produced at their boundaries by 
refraction and reflection. This diffusion increases with the difference in the 
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refractive indices and with the number of particles. If, for example, a1r m 
the intergranular spaces of a pulverous material is replaced by a liquid, the 
intensity of transmitted light will substantially increase. The refraction and 
reflection of light at the boundaries of grains involve polarization of light and 
if the number of particles afflicted by the transmitted ·light beam is large 
enough, even optically isotropie non-homogenous material appears the same 
between crossed nicols as a.n optically anisotropie material. In such cases also 
the temperature-deviation curves are similar. The advantage of crossed nicols 
consists of eliminating the influence of cracks and holes in the preparation, 
which remain dark, and in. the possibility of recording further opticál 
changes. 

The measurement of the temperature-dependent changes in light transmis­
sivity may be used for studying the processes of liquation and crystallization 
of glass, sintering and recrystallization in solid 
phase, dissociation and dehydroxylation of mine­
rals, formation of partial melt, and reactions in po­
lycomponent systems, etc. However, these curves 
do not fumish absolute quantitative data. Their 
interpretation is usually possible only in cmn­
bination with visual observation. Since this methocl 3 

-"- --lsc"A."Ac.\h</ is highly sensitive to changes in the material tested, 
it may be regardecl as a suitable complement to 
other thermic methocls. 

Preparation of specimens ancl arrangement 
of equipment 

As to the solicls of which thin sections can be 
macle, the preparation is the same as when mea­
suring the temperature-depenclent changes in bi­
refringence; however, the thickness of the thin 
section ma y be greater, owing to light transmissivity. 
Of fine grained 'materials, such as e.g. clay minerals, 
thin and strong plates máy be prepared by drying 
a liquid suspension on an alluminium foil. The de­
taching of the preparation from the foil may be 
effected by bending it over an eclge. Coarse-grainecl 
materials, such as cement and ceramic materials, 
need to be pressed into thin tablets in steel moulds 
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Fig. 3. M ould Jor pressing thin 
tablets. 1 - counter-piston, 

2 - powder, 3 - piston,
4 - housing, 5 - insert. 

(Fig. 3). The height of the layer of dry powder 2 on the front of the piston 3 
can be adjusted by selecting a suitable insert 5. When the counter-piston 1 is 
placed into position, the insert is removed and a thin circular tablet (dia 3 mm) 
is produced by pressing. The thickness of the tablet is to b.e selected with 
regard to the intensity of light used in the microscope and to the composition 
of material. In this way, even 0.1 mm thick tablets may be obtained. 

For recording te·mperature-dependent changes in light transmissivity, a large 
opening in the diaphragm of the photomultiplier and a low-magnificatión 
lens were used, in order to obtain the greatest possible light yield and a scanned 
surface representative with respect to the homogenity of the material. T.he 
arrangement of the hot. stage is the same as that used for measuring tempera-
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ture-dependent birefringence changes (Fig. la). When the preparation is melted, 
the platinum plate must be cleaned in acid or, possibly, ground using abrasive 
paper. 

Measurement 

The range of light changes for which the amplification of the signal and the 
starting point of recording have to be adjusted varies considerably with the 
nature of the preparation and with the processes developing under heating. 
As a rule, a first record has to be made under fast heating and slightly increasing 
the volta.ge of the photomultiplier; then, accorcling to the result obtained, 
the positions of the microphotometer ancl the recorcler have to be acljusted. 
By changing the amplification ancl by selecting compensatory counter-voltage, 
it is possible to control the sensitivity in a wicle range or, possibly, to specify 
some interesting parts of the recorcl. In less transmissive preparations or when 
using lower wave-legnths of light, the value of the photometric cleviation due 
to the emitted radiation is to be determinéd by periodical short-time screening 

· of the illurnination. A background curve is plotted through the points obtained
as the design of the microscope allows; visual observation is made sirnul­
taneously with the recorcl. 

-J -J -J
:::: 

·a b 

Ji'ig. 4. Diagram oj photometric measurement oj clilatation; a - linear clilatation, b - area 
clilatation. Relationships between size mul photometi·ic cleviations: 

L ~ V, P ~ V, 
Li ~ Vt, Pi ~ Vi, 
Lti ~ Vi,, Pt1 ~ Vo. 

lVIICRODILATOJ\>IETRY 

An optical microscope equipecl with a rnicrophotometer an_cl a hot sta.ge may 
easily be moclified in orcler to be usecl as a high-temperature clilatometer. The 
vol ume changes in objects are recorclecl as changes in the photometric cleviation 
proclucecl by a light beam partly screenecl by the object. If the beam has two 
absolutely parallel planes, as when passing through a slot, the photometric 
cleviation will be proportional to the length of its screenecl part ancl in this 
case the clilatation of the object in the clirection of the slot (Fig. 4a) will be 

6.
L [%] = Lt-; Lt, . 100 = Vt-:; Vt, . l00 .

.Jt ' t 
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Similarly, the change in.the surface of the object in a plane perpenclicular to 
the axis of the beam (Fig. 4b) will be 

t:,,_p [%] = !:__t 
Pt Pt,. 100

= Vt -;t Vt,. 100.

4 

...... 

<::J 3 ·;;

·c:

2 
· O 

1 

o 1 2 3 
l [mm]

Fig. 5. Light intensity clistribution in the vlane oj the vhotomultiplier diaJJhragm, over a linP­
perpendicular to the clilatation oj the wire. l - wiclth oj object. 
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í11mJ
Fig. 6. Light intensity clistribittion in the JJlane oj the photomitltivlier cliaphragm, over a line 

clrawn through the center oj a vyrite grain. l - wiclth oj object. 
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In reality, however, the object is sufficiently illuminated by the light reflected 
from the lens and diffraction is taking place at its boundary .. Consequently, 
the image of the measured object will never be absolutely dark in the plane of 
the photomultiplier, but will always exhibit a certain degree of illumination, 
depending on the size of the object and on the wave-length of light. 

The distribution of the intensity of illumination over the projection of the 
object on the diaphra.gm of the photomultiplier and on its surrounding ,vas 
measured in practice. As objects there were used wires ofvarious diameter and 
pyrite grains, placed on a planparallel glass slide on a microscope stage equiped 
with a micrometric mai1ipulator. Moving the object, the value of the photo­
metric deviation was gradually determined in a line either perpendicular to the 
dilatation of the object or passing through the center of the isometrie grain. 
The circular opening of the diaphragm of the photomultiplier had a diameter of 
0.063 mm; the actual size of the scanned surface is represented in Fig. 5 and 6 
by circles around the points ofthe curves. 

·As may readily be seen from Fig. 5 and 6, the illumination level of the object
is low and practically constant, rising somewhat with its decreasing size. The 
rounding of the shape of the photometric deviation on the boundaries of the 
object is due to diffraction and to the final size of the diaphragm opening of 
the photomultiplier. An increasing illuminatioil intensity was established 
only at higher ma.gnification when the diameter of the area scanned by the 
photometer was small enough in relation to the width of the interference bancls 
(Fig. 6). The areas above the curves in Figs. 5 and 6, clelimitated from above by 
the levels of the photometric cleviations outside the objects, are proportional 
to the decrease in photometric deviation occU:rring a.fter the insertion of objects 
into the hot stage. Due. to the changes in the size of objects, occurring to an 
extent given by the thermic dilatation, only a parallel displacement of the 
sheer parts of curves is taking place, the changes in the size of areas reflecting 
the relative changes in the size of the objects. This means that the change in the 
photometric deviation, related to its decrease after insertion of the object into 
the hot stage, will be proportional to the change in the size of the object. The 
above relationships which were determined geometrically, will hold also in 
practice for small changes in the size of the object (Fig. 4). 

Preparation of specimens and arrangemént of equipment 

The size of the inner space of the hot stage and the minimum magnihcation 
of the microscope permit to use prisms of a size of up to 2 X 2 X 6 mm. Small 
test specimens of lump material are prepared by grinding. Test specimens of 
materials with a low light absorption have their upper side formed by two 
polished surfaces wh�ch are at an angle of 90 degrees. The image of these test­
pieces in the plane of the diaphragm of the photomultiplier is also dark dne to 
the total reflection of light. Specimens of powdered materials are pressed in a 
precision ground steel mould. By f01;cing the pistou into the mould at a constant 
distance, small test specimens of the same shape and vol ume may be pressed as 
well as test specimens of the same' density in oase of the same batoh. The small 
size of specimens allows such compressions to be used that the test pieces pres­
sed of powder materials are strong enough and easy to handle. The test speci­
mens are inserted in the hot stage on a platinum plate with an opening, so that 
their dilatation is perpendicular to the axis of the slot in the diaphragm of 
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the microphotometer photomultipUer (Fig. lb, 4a). In practice, the minimum 
size ofthe specimen is limited primarily by its movement in the course ofheating, 
which is due to the dilatation of the heated parts of the hot stage. Because of 
this, only larger grains may be measured by means of a slot in the diaphragm, 
i.e. grains whose outline has the two opposite sides straight and approximately
parallel. For smaller grains of common shape, the measurement of grain area
changes in a plane perpendicular to the optical axis of the microscope seems to
be more suitable. The opening of the diaphragm is circular (Fig. 4) and the
magnification of the measured grain in the plane of this diaphragm has to be
selected so as to allow the projection of the grain - in spíte of the latter's dila­
tation and movement - to remain inside the opening, not approaching too
much its periphery.

These small grains are put on a transparent slide whose light transmissivity 
either does not change within the given temperature range or is determined be­
forehand. The attainable measurement temperature depends on the beginning _ �

of the mutual reaction. Sapphire plates supplied by the hot stage manufacturer 
are suitable for being used as supporting slides. In preparing the equipment 
it is necessary to check whether the image observed in the microscope is also 
sharp at the plane diaphragm. This check is essential especially when using 
Bertrand lens; it may be carried out by means of a screen placed at the plane of 
the photomultiplier diaphragm. At the same time, the orientation of the slot has 
to be examined and its center situated so as to coincide with the center of the 
cross wire graticule of the eyepiece. The small test specime:µ is inserted into the 
hot stage and - under the rotation of the stage - it is putinto a position 
perpendicular to the dilatation of the slot. When using micrometer eyepieces, 
the specimen is positioned by the centring s.crews of the hot stage into the 
center of the field of view so that its image at the plane of the photomultiplier 
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Fig. 7. IÁght intensity clistribution over the length oj the slot in the photomultiplier diaphragm. 
l - length oj the slot.
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diaphragm covers symmetrically the central part ofthe slot (Fig. 4a). The rela­
tionship between the slot length ancl the eyepiece scale being lrnown, it is pos­
sible for the small test specimens to be correctly placed in the· hot stage when 
the photomultiplier is put on. The slot length and the ma.gnification are chosen 
with regard to the maximum size of the test specimen during the heating, so as 
t,o keep its boundaries within the area of linear dependence of the photometric 
cleviation on the slot length, as will be described in the following. 

The relation between the slot and the eyepiece scale remains constant for 
various magnifications allcl, hence, the slot length being constant, it is possible 
to change the lenght oťits coverage by the object only by changing the magni­
fication, the photomultiplier being fittecl on. This relation, however, being 
different for the Bertrand lens ancl for the lens proper, has to be determinecl 
inclividually. The illumination of the field of view in the part which is projectecl 
on to the slot must be uniform and special attention rhust therefore be paid to 
the centering of the illumination system of the microscope. A very goocl 
uniformity as well as an increased intensity of illumination were achieved 
with the hot stage whcn using condensors clestinecl for universa.I stages. The 
distribution of the intensity of light over the length of the slot in the cliaphragm 
oť the photomultiplier was determinecl by gra.dually screening the slot by a 
screen moved micrometrically in the pla.Jle of the microscope sta.ge (Fig. 7). An 
ana,logical test can be ca,rried out for the circular opening in the cliaphragm. 
by screening four tim es one halť of thc open ing in two clirections perpenclicular to 
each other. 

lVIea,surement by·means of a slot in the photomultiplier cliaphragm 

The equipment being a,rrnnged, the photomctric cleviation corresponcling to 
the non-screened slot is acljustccl for the wholc range of the y-axis of the x-y­

recorcler. This acljnstment is carried out with the voltage oť the photomulti­
plier somewhat amplified, in order to ena,ble the a.mplification reserve to be 
usecl for adjusting the sensitivity oť the recorder. Upon inserting the measured 
test specirnen into the hot stage ancl placing it at the center oť the fielcl of view, 
perpenclicularly to the clilatation oťthe slot in the cliaphragm ofthe photomulti­
plier, the clecrease in photometric deviation indicates the initial size of the 
object to which the mcasurecl change will be relatecl. 

This value is acljusted by steplcssJy arnplifying the voltage ofthe recorcler of 
photometer for the whole nmge of the y-axis of the řecorcler in such a way that 
the residua] value oť the photometric cleviation be amplifiecl proportioú.ally. 

The sensitivity of the recorcler is adj ustecl by amplifying the voltage of the 
photomultiplier. Since the residua] value oť the photometric cleviation after 
amplification woulcl_ exceed t,he range oť the recorcler, it is offset by aclequate 
countervoltage, by thc value of which the starting point oť the recorcling is 
simultaneously fixed with rcspcct to the presurnecl course of the clilatation 
curve. 

Example: Range oťrecorcler V= 20 cm, decrease in photometric cleviation 
after the insertion of the test specimen measurecl Vt = 16 cm; hence, the resi­
dua] va.lue ofthe photometric cleviation Vz = 4 cm. The value of the amplified 
residua! value 

llG 

, V 20 
V, = ·y�. Vz = lG . 4 = 5 cm.
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For instance, a ten-fold successive amplification will irnply that on the vertical 
axis of the recorder 2 cm will correspond to a 1 % change in the size of the 
test specimen. 

l\1easmement of area cha.nges 

In this type of measurement, the temperature dependent change in the pro­
jection area of a particle, in the plane oť the diaphragm of the photomultiplier, 
is recorcled. In materials with isotropie volume ch

a:
nges the total length 

change 

the arrangement of the apparatus being similar to that employecl in measuring 
by means of the slot in the cliaphragm photomultiplier. 

The arrangernent employecl in measuring area changes may be usecl for deter­
mining the point and the course of melting of microscopic particles. The partie­
les of common shape are changecl into a drop oť melt, the cliameter of which 
is always different in a plane perpenclicular to the optical axis of the microscope. 
For this purpose, the examination by reflccted light ancl a polishecl platinum 
slicle may also be usecl. 

EXAMPLES OF APPLICATION OF THE METHODS DESCRIBED 

For comparing the results obtainccl by the methods clescribed, quartz was 
selectecl in view of its clifferent polyrnorphic transformations and the relatecl 
optical ancl vol ume changes. A curve of changc in photometric deviation under 
crossed nicols in a section parallel to the optical axis was constructecl with 
the correction macle by a compensator (Fig. 8a.) ancl converted by means of 
a transparent into a birefringence-ternperature relationship (Fig. 8b}. The 
similarity of both curves and the more pronounced shape of the curve in Fig. Sa 
may readily be seen from the figures. The final value of the photometric 
deviation is clistinctly smaller than the resiclual value corresponding to 
the retarclation of the compensator, because in the course óf the o:-quartz -
u.-cristobalite transformation the absorption of the thin section increases 
consiclerably under the effect of cracking. Therefore the cooling curve coulcl 
not be converted into a birefringence-temperature relationship, ancl it was 
not possible to determine the birefringence of �-cristobalite arising in the form 
of smaller ancl differently orientecl grains. It is evident, however, that the 
curve of the photometric cleviation is characteristic enough for the nature of 
the three polymorphic transformations. Fig. 8c shows temperature-dependent 
variations in light transmissivity obtainecl uncler parallel ancl crossecl nicols 
by illuminating thin pressecl quartz powder tablets. The shape of both curves 
is nearly the same up to a temperature of 1250 °C ancl the �-o:-quartz trans­
formation is not recordecl. Therefore only changes in the structure of the 
tablets are recordecl within this temperature range; these changes seem to be 
produced by the volume changes of particles, since in visual examination by 
·white light only changes in the colour ofthe transmittecl light may be observecl.
The following abrupt rising of the curve obtained without the analyzer seems
to be the consequence of the iniiial sintering whose intensity grows rapidly with
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the beginnjng of the a-quartz - a-cristobalite transformation. A decrease in 
the intensity of the transmitted light js recorded under crossed nicols as a con­
sequence of the decreasing polarization of light on the quartz particles and of 
their loss oť birefringence. The sintering of the tablet implies substantially 
increased light transmissivity and therefore even a minor birefringence of 
�-cristobalite produces a pronounced increase in the photometric deviation 
during polymorphic transformation. 
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Fig. 8. lvlicrometric records oj temperature changes in quartz (J. = 376 mm, 20 °O/min). 
- heating, --- cooling.

a - change in photometric deviation imder crossed nicols, section II c (thin section), 
b - change in birejringence according to curve a, c - change in light transmissivity oj 
a thin tablet pr es sed oj powder, --- without analyzer, - . - . - with analyzer, d - dilatometric 
curve in direction c (test specimen ground from a monocrystal), e - dilatometric curve for 
direction c (test specimen ground from a monocrystal), f - dilatometric curve oj a test speci-

men pressed Jrom powder. 

118 Silikáty č. 2, 1974 



H igh-Temperatiire 1111 icrophotometry ancl 1ltl icroclilatometry 

In Fig. 8d, e, dilatation curves • are shown of t,est pieces ground in directions 
perpendicular to and parallel with the crystallographic c-axis of quartz, and 
in Fig. Sf a curve in seen of a test specimen pressed from powder of the same 
crystal. With ground test specimen, the change produced by the cx-quartz -
cx-cristobalite transformation is more pronounced owing to the formation of
cracks, in contrast to test pieces made from powder, in which the sintering of
particles is conspjcuous. In Fig. 9, three examples are shown of decomposition
processes during the heating, defined by the change in light transmissivity, as
well as a curve obtained for the glass used for manufaqturing glass-crystalline
material. There is an evident difference between the dissociation of calcite,
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JJ'ig. 9. Temperature-clepenclent changes in light transmissivity oj. 
' 

-.. - .. - gypsum, plate accorcling to ( O 10), 
. . . . . . . calcite, plate accorcling to ( 1 O 11), 
--- muscovite, plate accorcling to (001), 
------- glass, thin section, 
-. -. -. - illite JJ'ithian, si1spension clriecl on alluminium Joil. 

whose course is continuous, and the dehydroxylation of muscovite, characte­
rized by abrupt separation of flakes (001). The light transmissivity c111·ve for 
glass is reversible up to the first temperature maximum (cca 770 °0) and its 
decrease in this region seems to be procluced by temperature fluctuations and 
liquation. The following clecrease in light transmissivity is irreversible and 
expresses the course of crystallization, the crystals being visually cliscernible in 
the microscope only at temperatures of about 1000 °0. The final rising of the 
curve is a consequence of the dissolution of crystals and of the melting of the 
thin section. 

The curve for illite shown in Fig. 9 exemplifies a photoelectric record of 
changes occurring in a ceramic raw material, especially of the formation of 
a liquid phase cluring the heating. The test specimen was prepared by sedi­
mentation of a drop of suspended illite on an alluminium foil and the surface 
of the flakes may therefore be assumed to be oriented perpendicularly to the 
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optical axis of the microscope. The cause of the decrea.se in light transmissivity 
is similar as in the case of muscovite and the shape of the curve exhibits a wide 
range of dehydroxylation as a consequence of the clispersion of the particle size. 
The rising of the curve frorn about 1050 °C corresponds to the formation of 
the liquicl phase, which also takes place in a wicle temperature interval, so 
that it is difficult to cletermine by other thermic rnethods. 

SUMMARY 

The paper .deals with the photoelectric recording of temperature-depenclent 
changes occurring in heatecl microscope preparations and with the application 
of the optical microscope to microphotodilatometry. 

The cornbination of a hot sta.ge with a microphotometer renclers possible to 
record temperature-clependent changes in the birefringence of crystals ancl in 
the light transmissivity of non-homogenous materials in a temperature range 
of up _to 1500 °C. As preparations may be usecl thin sections ground on both 
sides, thin tablets pressed from powder material, or thin layers obtainecl by 
clrying substances suspended in liquids. Under controlled heating the prepa-. 
ration is illuminated by a stabilized source of light and the temperatnre­
dependent change in the intensity of the transmitted light under crossecl or 
parallel nicols is recorded by an x-y-recorder as a change in photometric 
deviation. By using a compensator, it is possible to chaose that region of thc 
photometric cleviation which is optimum for measuring the ternperature­
dependent changes in retardation, and by using a shiftecl curve plotted on 
a transparent the conversjon into birefringence-temperature relationship rnay 
easily be effected. 

The recorded temperaturo dependence of light transmissivity expresses the 
eourse of the visually observecl processes as well as their instantaneous relative 
intensity. Examples are listed of the course of the loss of crystalline water in 
gypsum, the dehydroxylation of rnuscovite and illite, the clissociation of calcite 
and the liquation and crystallization of glass. 

The dillatation of test pieces and microscopic grains is recorclecl as a change 
in the photometric deviation procluced by a, beam of light of a sni tably selectecl 
diameter and partly screened by the measured object. The shape and the 
diarneter of the beam is given by the opening in the diaphragm placed in front 
of the photomultiplier, on which diaphragm the measured object is projectecl 
�by the optical system of the microscope. The practical clelimitation of the 
influence of diffraction and of light refiection from the fronta! lens has proved 
tlrnt in the range of potential dilatations the change in the photometric devia­
tion is proportional to the change in the sizc of the object. The rnethocl descri­
becl enables dilatomctric curves to be constructecl for objects larger than 0.1 mm. 
Examples are listecl of clila,tation curves for �-quartz in clirection perpencli­
cular to and parallel with the c-axis of the crystal, as well as a ctuTe for a test 
specimen pressed from powder. 
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VYSOKOTEPLOTNÍ MIKROFOTOMETRIE A MIKRODILATOMETRIE 

Stanislav Chromý 

V ýr,lcumný ústav stavebních hmot, Brno 

V článku je popsán způsob fotoelektrické registrace průběhu tepelných změn v zahří­
vaných mikroskopických preparátech a poúžití optického mikroskopu jako mikrofotodi­
latometru. Spojení zahHvacího stolku s mikrofotometrem umožúuje registraci změny dvoj­
lomu krystalú a světelné propustnosti i nehomogenních materiálů s teplotou do 1500 °C. 
Jako preparátú lze použít oboustranně leštěných výbrusú, tenkých tablet, slisovaných 
z prášků nebo tenkých vrstev, získaných vysušením suspenzí v kapalinách. Preparát 
je v průběhu Í'Ízeného ohřevu osvětlen stabilizovaným světelným zdrojem. Změna inten­
zity procházejícího světla s teplotou ph zkÍ'Ížených nebo rovnoběžných nikolech je re­
gistrována soufadnicovým zapisovačem, a to jako změna fotometrické výchylky. Použití 
kompenzátoru umožúuje volbu optimální oblasti změny fotometrické výchylky pro mě­
.ření změny zpoždění s teplotou a použití posuvné khvky na průsvitce usnadúuje převod 
na závislost dvojlomu na teplotě. Záznam světelné propustnosti na teplotě vyjadřuje 
pni.běh procesů, pozorovaných vizuálně, a jejich okamžitou relativní intenzitu. Jsou 
uvedeny příklady průběhy ztráty krystalové vody sádrovce, dehydroxylace muskovitu 
a illitu, disociace kalcitu a likvace a krystalizace skla. 

Dilatace malých tělísek i mikroskopických zrn je registrována jako změna fotometrické 
výchylky vyvolané světelným svazkem vhodně voleného průřezu, částečně stíněného 
měřeným objektem. Tvar a průřez svazku je dán otvorem ve cloně fotonásobiče, na kterou 
je měřený objekt optickou soustavou mikroskopu promítán. Praktické vymezení vlivu 
ohybu světla a odrazu od frontální čočky objektivu prokázalo, že v rozmezí možných dila­
tačních změn je změna fotometrické výchylky úměrná rozměrovým změnám objektů. 
Popsaná metoda umožúuje poÍ'Ízení dilatometrických khvek objektů větších než 0,1 mm. 
if sou uvedeny pÍ'Íklady dilatačních khvek výchozího �-křemene ve směru rovnoběžném 
a kolmém ke krystalové ose c a křivka tělíska, vylisovaného z prášku. 

Obr. 1. Úpravy vnitřního prostoru • zahřívacího stolku a -pro výbmsy a tenké preparáty, 
ú -pro mikrofotodilatometrii; 1 -trnbka ze slinutého korundit, 2 - topné vinutí, 3 -
vnitřní slinutá korundová trubka, 4 - spodní platinová destička, 5 -svar termočlánku, 
6, 12 podložka preparátu, 7 -tenký preparát, 8 -platinová vložka, 9, 15 -svrchní plati­
nová destička, 10, 16 -vložka z porézního Al,03, 11, 17 -svrchní kovová cleska, 13 -
platinový kroužek, 14 -tělísko. 
Obr. 2. Závislost fotometrické výchylky [V] na zpoždění (J. = 367 nm) a nastavení výchozího 
zpoždění kompenzátorem pomocí posimuté křivky; A - původní zpoždění řezit, A, -foto­
metrická výchylka, opravená kompenzátorem, A2 -výchozí bocl měření s proloženoit posu­
nutou křivkou, R -retardace. 

·Ol>r. 3. Forma na lisování tenkých tabletek; 1 -protipíst; 2-prášek, 3-píst, 4-pouzdro,
5-vložka.
Obr, 4. Schéma fotometrického měření dilatace; a --'- lineá:rní, b -plošné. Vztahy mezi 
rozměry a fotometrickými výchylkami: 

L ~ V, P ~ V, 

Lt ~ Vt, Pi ~ Vt, 
Lt, ~ Vtt, Pt, ~ Vt,, 

Obr. 5. Rozložení světelné intenzity v rovině clony fotonásobiče v linii, kolmé k protažení 
drátu; l -šíře objektu. 
Obr. 6. Rozložení světelné intenzity v rovině clony fotonásobiče v linii, procházející středem 
pyritového zrna; l - šíře objektit. 
Obr. 7. Rozložení světelné intenzity JJO délce štěrbiny ve cloně fotonásobiče; l = délka štěrbiny. 
Obr. 8. 111.ikrofotornetrické záznamy tepelných změn křemene (A - 376 nm, 20 °0/min). 
- ohřev, - - - chlazení, a -zrněna fotometrické výchylky při zkřížených nikolech, řez rovno­
běžný s osoit c (výb1·us); b -změna dvojlomit podle křivky a, c - změna světelné propust­
nosti tenké tabletky, vylisované z prášku, -bez analyzátoru; -.-.-. s analyzátorem,
d - clilatometrická křivka směru c (tělísko, vybroušené z monokrystal-u}, e - dilatometrická
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křivlca směru c (tělíslco, cybroušené z monolcrystalu), f - dilatometriclcá lcřivlca tělíslca, vyli­
sovaného z prášlcit. 

Obr. 9. Změna světelné propitstnosti s teplotou; 
-.. -.. - sádrovec, destička podle (010),
. . . . . . kalcit, destička podle ( 1011),

--- muskovit, destička podle (001),
------ sklo, výbrus,
-. -. - . illit Fithian, suspenze, vysušená na hlinílcové fólii.

BhlCOROTEMilEPATYPHAH MHRPO©OTOMETPMH 

H MHKPO�MnATOMETPHH 

CTaIIIICJiaB X pOMI,[ 

JJJ,Jýf cmpoume.11,bNblX ,1iamept1aJWB, BpHO 

B CTaTJ,0 OIIJICL!Ba0TCH cnoco6 <pOT09JI0HT}Hl'10CI{Oll perHCTpa111u1 xoga 113)!0IlCHIJl1 T0MU0-
paTypu B narpeBaeMLIX M1rnpocn:ou11,recmrx npenapaTax ll nc110.nr,3ooa1111e OIITll'1cc1wro 
Mirnpocrwna D J{a'!0CTB0 MHHpoqJOTOAHJia'l'OM0Tpa. Coegnnem10 I-IarpenaTC.7bBOJ"O CTOJIIma 
C MtmpocpOTOM8T})OM gaeT D03MOiHHOCTb perHCTpllj)OBaTb l13M8H8HUH ABOIJllOfO .7yYenpeJIOM­
n:emm Hj)HCTaJJJJOB II CD8TOJJpom14aeMOCTJI Tam-He H y HCOAHOJ)OAHLIX )raTepua.708 npn 
TeMnepaType ,�o 1500 °C. B l{a'IeCTBe nperrapaTOD MOJirno npnMCHHTb :JOiUCBUbl8 C 06011x 
CTOpOH [l]Jlll(pl,I, TOH!{ll8 ·ra6JJ0TI(JI, cnpeccoBaIIHI,18 113 nopOIDHOB ]IJJII TO!lfillX C.7oeo, IIOJJy­
'10HIILTX DJ,1cy111uBaHneM B3D0CJI D iHH/V{OCT/IX. HpenapaT D XOAe ynpaD.7/Ie.IOro o6orpena 
OCDOlL[aeTCH CTa6RJUI3HJ)ODaHHI,JM Hť-TO'IHHHOM CDeTa, 11 113M0H0Illle llHTCHCHBilOCTJI rrpo­
xop;nll[ero cneTa no Mepe ll3Menemrn Te�mepaTyp1,1 rrpu nepeHpecTIJhlX 11.-rn m1pa.7,·1c.-1bHLTX 
mmo.rrnx 3anHCI,IBH0TCH IWOp/:[HIIaTHLIM caMOTIIICl\0M HaH H3M0IIOIIIJe cpoTO.l.!0TJ)ll 'I0Ch:oro 
OTI(JJOIICHIIH. Hp!IMerremre HOMJJeHCaTopa AaCT D03M0)1{HQCTL J136paTL OITTmJa:JLHYIO o6nacTI, 
H3M8H0HlJH cpoTOMCT}Hl'JeCIWrO OTH,TIOITemrn AJIH 113Mepemrn 113M0H0Ill!H aa;::iepmHI! cor:racno 
TeMnepaType, a llj)HMCHCHHe CMell[eHHOl1 I{p1rnoií na l{aJJLIW o6JJOť'IaCT nepeBO;:[ Ha 3aDJICJI­
MOCTL /:[BO(moro JIY'l0f'lj)OJIOMJI0IIIIH OT TCMnepaTypu. 3aBllCUMOCTL ('Bt'TOnpom1uaN!OCTJI 
OT TeM11epaTypu BLtpa,KaeT xon mrnyaJihHO na6mo11aew,1x npoueccoe II ux �1ru0Be1rnym 
OTHOCJIT8JIJ,HYIO }IHTCHCHBHOCTb Hpnne/.\01U,T llJ)HMCJ)LI npoD,eCCOD Il0T0J)II npm Ta.7.lll'IeCI(O]j 
DOAU B nmcax, A8rifAJ)Ol{Cl!JIUI\IIII MYCIWBl!TU li HJIJJHTa, AHCCOI\llal\1111 nfl.lbUHTa U .7111'8aI(Hll 
II HJ)HCTaJIJHI3aI(HII CTerrna. 

�HJiaTal[H/I MaJJI,JX T0JJeD, li MITHj)OCHOHH'l0Cimx 3eperr perncTp11pyen1 Han 113�IC11CHHe 
q>OTOM0Tj)ll'JeCJ{QJ'O OTIWOHCllJIH, BT,13Barrnoro nyrmoM JiyIJe{1 BJ,1ro;1ao ll:3GpaBBOro CC'IOHIIH, 
'!aCTJ!'JHO 9HpanupoBaHIILIM 113MCJ)H0ML!M 06'LCHTOM. (}JopMa ll ce•1c11ue 11yqi-;a .:taBJ,l OTBep-

� cnceM n AHacpparMe 1I10Toy�rno;KHTeJ1Lr, na HOTopym Il3Mep11eMLII'i 061,ci;:r 11poc1-a11 pycTcn 
OllTil'JeCHOl1 CIICTeMOM �urnpocrrnrra. Hpar{TH1IeCJ(OC onpe1�e.-1e1IJJC B.7UHHI!H ;:IUq>J)aJ,D,llll 
CBOTa H OTpameu11n 01' !p])OHTaJJhHOÚ JITIIl3H ofrL eHTTIBU AOHa3U.70, •no B npe;::ie.7ax D03)[0rl{­
HLIX /:[HJiaTaJVIOIIHbIX J,13M0HCHJIÚ H3MeHerrne iJioTOM0TJ)ll'l0CI;Qro OTJ,.70HCIIUH óy;::in nponop-
1\HOHUJihHLIM ll3MCHCHIIHM paa�rnpon HCCJ1egyeMLTX 06-heI,TOB. Om1caHHL1ii �1ero:.1 AaeT 
B03MOn<HOCTb coap;aTI, AH,TiaTOM0Tj)ll'JeCIOIO l'}HIDJ,IC 06-r,01,TOB, 11peB1,1ma ClillHX L), 1 MM. 
HpuoegeHT,I npmrnpu [\)IJiaTa·l\HOHHLTX HJ)IIBLIX HCXO/.\HOfO 6eTa-J.;Bapaa 6 BaapaB.7C!11[}JX 
napa.TIJJeJJL HOM li rreprreH)_\Imym1pHOM I{ OCH HpllC'l'aJJJia C II l,pnnan rO.lOBnll, ,Ilf ~conau1101'í 
na noporrma. 

Puc. '1. Hp11cnoco6JJCJ{]IC BR)'TJ)8Il1Iel'O npocTpaHCTBa H,.ll'J)CBaTe.-1bHOíO C7 :Dl - - a - �--JH 
lllJIHqion 1-1 TOll!UIX npenapaTOD, b - AJIH �nrnpociioTO}\Jl,TJa'fO)!CTJ)IIU: J - �-J :;:- ll3 cue1;-
merocn: Hopyur1a, 2 - HaHa.11r,rra1I ,o6MoTrrn, 3 - BuyTpe11a11H TPY� - C'Crhlllerocn 
Hopyrrga; 4 - 1111nmm1 nJiaTJIHOBan Tpy6rrn, 5 - cnapuoií moB T<'f' !0-'1.-:. ·"-• ,;_ 1:! llOk 
mra.rwa npcrrapa;ra, 7 TOHHlll1 npenapaT, 8 - 11JiaTJIHOBb1fi Bn:ia.:u,.,m �. :J - &<-pxrrnn 
mranrnonan J[,TJJl'J'l(a, 10, 16 - nmrap;Lllll Il3 HOJ)llCTOI1 OHllCII a:JJO�!JJIU!.fi, - - - E..-pxIIHH 
MeTaJIJil1'1CCTaH l'IJIWfa, 13 - TIJlaTUHOBOe IWJIU\O, 14 - ro:IOBfia. 

Pne. 2. 3aDIICIIMOCTL 1pOTOMeTpll'JCCI{O!'O OTI{JIOHCllllfl (T') OT 3,1:IE'f":" 
li ycTaHODHH IICXOAH011 sagepmrm HOM110IICaTOj)OM ll])ll IIO�OIDI! li 
A - Ha11aJrLnan: aagepnrna co•rnm11I, A, - 1poT0MeTpw1eci-.oc OTi-.;-:o!! 
I{QMIIencaTOJ)OM, A 2 - IICXOAHaH 'fQlJl{a JJ3MCJ)OllllH c'o C)!elUCllUOÍÍ 1-if .c.B 
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Puc. 3. (J)opMa J.IJlfI rrpeccoBallHfI TOHKHX Ta6JJeTOI,; 1 - HOHTprropIIIeHI,, 2 - IlOj)OIIIOK, 
3 - nopIIIeHb, 4 - BTymrn, 5 - mrna1-11,1III. 
Puc. 4. CxeMa c)jOTOMeTplFJeCiioro 113Mepemrn ).(TIJiaTal(lll•I; a - JI11Hei'1HaH, b - IIJIOCHOCTllafl. 
CoOTI-IOJlleHJ!fI MeJl(J.IY pa3MepaMH H cpOTOMeTpJPJeCmlMH OTHJIOHemrmm: 

L� V, P- V,

Pt- lit, 

Pt1-Vt1, 

PHc. 5. PacnOJIO)l(eHJ1e HHTeHC11BHOCTII CBeTa IJ IIJIOCIWCTH 1-11rncf1parMJ,I c)joTOYMHO)l(HTeJifI 
B JlllllHH, rreprrerr1-11n,;ym1prro:u H rrpOBO,TIOI{e; / - llIHp111rn o6'bel{TU. 
P11c. 6. PacnOJIOlHemre JIHTeHCTIDHOCTII CBeTa D. IIJIOCHOCTH 1-11rncJ1parMLl B m1mrn, npoxo1-1-
JIIIJ;el1 •iepe3 11enTp 3epna n11p11Ta; l - umpurra 06'i,e11Ta. 
Pne. 7. PacnoJiome1me HHTc11cunnocT11 cnew UO/.\JIH11e 111em1 B 1-11rnc)jpanrn c)joToyiuronmTeJin;. 
l - i-\,;uma Il{eJiu.
Puc. 8. M1mpocJJOTOMeTpll'IeCJ(He 3UHIICH T8j)MI1qecmrx 113MeHeHH:U 1rnap11a (J. = 376 nm, 
20 °C/MHI1.), - - o6orpcn, - - - ox.nam).(eHIJO. a - H3M8H8IIlle c)joTOMeTpn•1ec1rnro OTHJIO­
H811HJI ll])H rrepeHpeCTHhlX HJIJ(OJIHX, ce•JOHlle, rrapaJIJTeJibHOe C OCI,IO C (IIlJIHc)j), b - H3Me11enne 
/.\B011HOro rrpeJJOMJIOHIIH no Hj)IIBOII a, C - H3Menemie CBeTonponu11aeMOCTH T0lll{011 Ta6JrC1'KH,
cnpeccona11no{1 113 rropouma, - - 6e3 aI-IamrnaTopa, - .- .- .- c aJ-Iam13aTopoM; d - J.\11Jia­
ToMeTp11'iec1;an 1qrnnan 11anpaBJJeHIIH C (rOJIOBJrn, OTJllJJHqJOBUHHUH H3 MOHOHJ)IICTUJI.rra) 
e - Hl!.11UTO�IOTJ)ll'ICtlrnn Hj)l!BUH HilnpaBJIOHJIH c (fOJIOBTrn, OTll!JJil(JJonannan H3 MOHOI,pnc­
TUJ!Jla), f - l\llJHITOMCT])ll'ICC1"\H H])JJJJaH l"OJIODKH, cnpecconanrroi,í 113 nopo,mrn. 
P11r. 9. lI3MeHeHH0 CD0TOJ1])011HJ.\aCMOCTH C TeMnepnypofr; 

- . .  - .. - rimc, n.nacTmrna no (010), 
1,a.llbl(JIT, JIJiaCTHHl(U no (-1011), 

--- - MycrWBIIT, IlJii\CTHHf([I no (001), 
- - - - CT0H,TJO, UJJIIHJJ,
-.- .- .- IIJJ.lJJIT Fithian, D3DeCb, BblCYllleiman Ha amOMJlllllDOi:'r c)jonr,rn.
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