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Temperature determination in dynamic plasticity 
by infrared radiation detection 

jM. MALATYNSKI[, W. K. NOWACKI and W. OLIFERUK (WARSZAWA) 

THE OBJECT of the work is to measure the temperature and the deformation field in solids 
(e. g. aluminium) during its dynamic plastic strain at higher strain rates. The present paper 
describes the testing stand based on a Hopkinson pressure bar system and AGA 680 thermovision 
set; details of the experiment; analysis of the experimental results and their comparison with 
the theoretical and numerical results presented in [1]. 

Przedmiotem pracy jest pomiar pola temperatury i odksztalcenia w cialach stalych (na przy
kladzie pr6bek aluminiowych) w procesie ich dynamicznego plastycznego odksztalcenia z dutymi 
pr~dkoSciami odksztalcenia. W pracy opisano stanowisko badawcze skladaj(\ce si~ z ukladu 
pr~t6w Hopkinsona i ukladu termowizyjnego AGA 680; szczeg6ly doswiadczenia, analiz~ 
wynik6w doswiadczalnych oraz ich por6wnanie z wyrukami teoretycznymi (rozwi(\Zaniami 
numerycznymi) przedstawionymi w pracy [1]. 

llpe~MeTOM pa60Tbl HBIDieTCH H3MepeHHe llOJIH TeMnepaTYpbi H ~e$opMai.UfH B TBep~IX TeJiax 

(Ha llpHMepe aJIIOMHHHeBbiX o6pa3QOB) B npOI.\eCCe HX ~HHaMWieCKOH nJiaCTWieCKOH ~e$op
MaQHH c 6oJihiiiHMH CKopoCTHMH ~e<l>opMaQHH:. B pa6oTe onHcaHhi HCCJie~oBaTeJibCKaH ycra

HOBKa, COCTOHII.\aH H3 CHCTeMbl CTep>I<HeH ronKHHCOHa H TepMOBH3HOHHOH CHCTeMbl Af'A 
680, llO~p06HOCTH 3KCllepHMeHTa, aHaJIH3 3KCllepHMeHTaJibHbiX pe3yJibTaTOB H HX cpaBHeHHe 

C TeopeTHqeCKHMH pe3yJihTaTaMH ("l!HCJieHHHbiMH peiiieHHHMH), npe~craimeHHbiMH B pa-

6oTe [1]. 

Introduction 

THE OBJECT of the present work is to measure the temperature field of a material during 
its dynamic plastic strain at higher strain rates of the order I 02-104 s- 1 • This range of s_!rain 
rate is possible only, in compression tests. Special measuring techniques and signal ampli
fying and recording apparatus with wide passing bands are used in this kind of experiments. 

In the recent fifteen years a considerable advance has been made in experimental 
investigations of the mechanical properties of metals which are subject to widely varying. 
strain rates and temperatures. These investigations were intended to provide data for the 
formulation of constitutive equations that would be valid for a large range of temperatures 
and different types of loadings, namely: monotonous, cyclic, static, dynamic, uniaxial 
and complex. Such experiments are conducted usually at a constant temperature either 
in a controlled atmosphere or in vacuum. A survey of these experimental works is given 
in [9] by P. PERZYNA and for steel in [8] by other authors. 

The first papers on the determination of temperature variation in solids due to their 
dynamic deformation were published a few years ago. This beginning coincided with the 
appearance on the market of infrared cameras which were sufficiently sensitive to record 
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temperature variations smaller than 0.2°C. Literature in this field has been scarce so far. 
It is possible to quote here some interesting works on fracture mechanics [4], vibration 
mechanics [10], solid mechanics [5], and on the determination of the energy stored in 
tensioned metal [6]. The experiments were carried out with the help of thermovision 
apparatus which utilizes the effect of infrared radiati~n emission by all materials at tem
peratures higher. than absolute zero. The power of this radiation obeys the Stefan-Boltzman 
law and thus it is a unique function of the temperature of the emitting surface. Thermovision 
apparatus is capable of recording the distribution of the radiation emitted from the surface. 
The radiation is scanned from the emitting surface by the optical system of the t~ermovision 
camera and then it is focussed on the detector which converts infra-red radiation into 
a proportional electric signal. Thjs kind of detector enables further processing of the 
signal obtained. For instance, after amplification it can be used to modulate the electron 
beam in the image tube which displays the distribution of the power of the infra-red radiation 
emitted by the surface. The measured signal of distribution can be processed in such 
a way as to obtain the relevant temperature distribution. No inertial effect is virtually 
involved in the temperature measurement based 'on the detection of infra-red radiation. 
Moreover, the measuring system has no contact with the sample and this is an important 
advantage, particularly in dynamic tests. 

The present work describes the- testing stand, details of the experiment, analysis of the 
measuring results and their comparison with the theoretical discussion presented in. [1]. 

1. Description of the test stand 

The test stand is based on a modified Hopkinson pres~ure bar [3] system and AGA 680 
thermovision set. It is designed for dynamic compression of cylindrical samples and for 
thermovision recording of the temperature distribution. 

The Hopkinson pressure bar system consists of a compressed-air gun 1 and its tube 
(Fig. 1), a set of bars 3 and 4 and a d;tsh-pot 6. The tested sample 2 leaves the gun tube 
at a high velocity, it strikes against the face of bar 3 and becomes considerably deformed. 
The sample velocity is measured by means of laser 9, the beam of which is split by a set 
of prisms 10 into two parallel beams directed towards phototransistors 8. When the first 
laser beam is cut off by the striker sample, the phototransistor produces an electric signal 
actuating a timer counter 11 which is stopped at the instant when the striker sample cuts 
off the second beam. 

A compressive elastic wave with an amplitude of - si is produced in the measuring 
bar by the impact of the cylindrical sample. This wave arrives at the other end of the bar 
and travels back in this bar as an extensile elastic wave having an amplitude of - Br. 

A potentiometric strain gauge system is mounted at the mid-length of the impacted bar. 
Its signal is processed in amplifier 17 and recorded in one of the channels of a digital 
storage _ oscilloscope. This signal represents the initial and reflected compression elastic 
waves as functions of time. The oscilloscope time base is triggered by another potentiomet
ric strain gauge system fixed at the front part of the bar. With such an arrangement it is 
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FIG. 1. Schematic diagram of experimental stand for dynamic compression of cylindrical samples with 
thermovision temperature recording. 

possible to obtain a "waiting" time base and to record the full shapes of the initial and 
reflected waves, and to establish a fixed reference point on the time axis. 

The impact point of the sample as it is striking against the active measuring bar is 
observed by a camera 12 of the AGA 680 thermovision set. The camera is located at 
a distance of 300 mm from the geometric axis of the bars and the gun tube so as to take 
a sharp image in the detector plane. The sample is deformed for a period which is too 
short to enable the accompanying increase of temperature to be observed as a thermovision 
image on 13. The temperature variation discussed is determined by analysing the amplified 
detector signal produced by the infrared radiation emitted from the sample surface points 
which lie on the .line parallel to the axis of the sample, that is, by analysing the signal 
of the thermovision image line. This signal is observed on the screen of an oscilloscope 
attachment and recorded on the screen of the digital oscilloscope. 

The two-channel digital storing oscilloscope is capable of permanently recording 
(storing) electric signals fed at the instant of triggering. the time base. In this way it is 
possible, at the instant at which the sample gives an impact to the bar, to record simul
taneously (in channel No 1) the elastic wave propagating in the bar and (in channel No 2) 
the distribution of infrared radiation power along the sample axis. If the sample surface 
emission is homogeneous, then the distribution of infrared radiation power is proportional 
to the temperature distribution. 

2. Description of experiments 

Two kinds of experiments were performed. The first kind involved an impact of a long 
cylindrical sample given transmitted to a bar system. In the second kind, a slim cylindrical 
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ample was dynamically deformed in the classical system of a Hopkinson bar, the sample 
being sandwiched between two bars, one of which was subject to impacts of the steel 
striker bar. 

2.1. Preparation of samples 

The samples were made of a soft aluminium alloy PAL In the first experimental version, 
the cylindrical samples were d0 ~ 9.80 mm in diameter and /0 ~ 95 mm in length. The 
carrying part was limited by two teflon rings L1 = 3 mm thick. The rings were intended 
to ensure the coaxial m_otion of the sample inside the gun tube. The sample had no side 
contact during its motion inside the gun tube. Thus it was possible to a.void any friction 
effect and related heat as well as misinterpretation of the measurement results. Circum
ferential lines parallel to the sample face were marked every 5 mm on the cylindrical _ 
surface in order to measure the permanent longitudinal deformations. 

In the second experimental version, the samples made of PAl alloy had the shape 
of a short cylinder (disc) which was d0 = 10 t;nm in diameter and /0 = 5 mm in length. 
The cylindrical surfaces of both types of the samples were coated with soot to improve 
the emission of heat and thus to obtain more intense signals which were displayed as 
thermovision images on the monitor screen. The faces of the cylindrical samples were 
coated with a thin layer of a high quality grease. 

2.2. CaUbratlon of temperature measuring system 

The signal at the detector output is a function of the difference of temperatures of the 
sample under test and that existing in its nearest neighbourhood. Temperature of this 
region varies in an uncontrolled way and thus impedes the measurement of the sample 
temperature. To solve this problem, an indicator of constant temperature was placed 
in the viewing field of the camera. This was a segment of a resistance wire fed with stabilized 
current. With such an arrangement, every recording of the temperature distribution on 
the sample transmitting an impact to the bar was preceded by a maximum, the source 
of which was the radiation emitted by the wire having a constant unknown temperature. 
This constant temperature played the role of a constant reference level. To find the relation 
between the temperature of the sample and the power of radiation emitted, that is, to 
determine its absolute temperature, the sample was replaced by a small tank connected 
with a temperature-controlling -ultrathermostat. The temperatures of the tank surface 
and the water contained in the ultrathermostat may differ from each other even at a steady 
thermal state. For this reason a thermocouple was installed to · measure the temperature 
of the tank s~rface. The side tank surface, made of the same material as the sample, was 
blackened only to half of its length as measured along the tank axis. This was intended 
to determine the em-issivity versus temperature for both the bright and blackened surfaces. 
The measurement results are shown in Fig. 2 in the form of two diagrams T = f(Hc/Hw) 
and T = f(Hb/ Hw), where H- value of the maximum of temperature distribution 
recorded in the thermovision system, while the indices w, b and c denote the indicator, 
white (natural) and blackened surfaces, respectively. The thermocouple was calibrated 
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FIG. 2. Temperature versus ratio of infrared radiation power of aluminium tank; H- maximum of tem
perature distribution recorded by thermovision system (indices w, band c denote indicator, white surface 

and black surface, respectively). 

100 

FIG. 3. Temperature versus voltage across ther mocouple: 1- temperature of liquid flowing 
through tank, 2 - temperature of tank placed in ultrathermostat. 

e ' e' 

x' 

FIG. 4. Records of thermographic image of the heated bar ends, 1 - distance between pressure 
bars L1 , 2- distance between pressure bars L 2 • 

[479) 
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by placing it together with the small tank into the ultrathermostat. The obtained diagrams 
T = f(U), where U- voltage across the thermocouple terminals, are almost linear in 
both cases: when water was supplied to the tank from the ultrathermostat and when 
the thermocouple and tank were placed into the ultrathermostat (cf. Fig. 3). To ascribe 
the measured temperature distribution to concrete physical objects (sample, impacted 
bar), the thermographic image of the slightly heated bar end was recorded in two positions, 
namely: in the working position, and as the bar protruding at a known length (Fig. 4). 
The thermographic image of the bar and the indicator located at a fixed position enable 

· to ascribe the recorded quantit ies to the physical configurations of the objects at the point 
of their impact. 

2.3. Impact between long cylindrical sample and rigid obstacle 

Two sequences of tests involved 20 and 10 samples, respectively. Argon was pumped 
into the--gun chambers at pressures ranging from 4 to 8 atm to attain impact velocities 
of the sample of 50 to 150 ms- 1 • For the given impact velocities, the sensitivities of the 
thermovision system adjusted by trials were 20 and 100 for white (natural) and blackened 
samples, respectively. With a signal_ division of 20, the sensitivity of the thermovision 
system is 5 times that corresponding to a division of 100. The sensitivity of the numerical 
oscilloscope was virtually constant. It was 0.1 m V per graduation in the channel used 
to record the sample radiation power distribution during impact, and 0.5 or 0.2 m V per 
graduation in the channel recording the elastic wave in the bar. The oscilloscope time 
base was 0.1 msfcm. 

2.4. Experiments with modified Hopkinson bar system [3] performed on short cylindrical samples 

. The- short cylindrical samples were tested by means of a modified Hopkinson bar 
system described in detail in [3]. The thermovision camera was located at a distance from 
the geometrical axis of the sample sandwiched between two bars. The contacting faces 
of the sample were coated with grease, while the cylindrical surface had its natural colour. 
The sample was dynamically deformed by the striker bar of 200 mm in length and 20 mm 
in diameter which gave an impact to the incident bar. Since the mass of the striker bar 
was rather large, the gun was filled with gas under a pressure of p = 3 to 4 atm and thus 
it was possible to attain impact velocities from 6 ms- 1 to 23 ms- 1 . The system consisting 
of a digital oscilloscope and a x-y plotter recorded the power of the infrared radiation 
emitted by the cylindrical sample surface and the elastic wave propagating in the incident 
bar. The wave propagating in the third bar was not recorded. The oscilloscope channel 
sensitivity and time base were adjusted to the same level as for the tests on long cylindrical 
samples. The sensitivity of the thermovision system was 20. 

3. Experimental results 

3.1. Impact between striking sample and bar 

The results of each test performed on a long cylindrical sample are presented on the 
common diagram of the elastic wave s(t) propagating in the impacted bar and the radiation 
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power distribution O(t) within the thermovision camera observation field embracing the 
indicator, sample and bar face (Fig. 5 and Fig. 8). These testing results were taken from 
the digital oscilloscope. The elastic wave consists of sequences of compressive and ex tensile 
waves. Their shapes can be approximated by means of trapezoids with superimposed 
disturbances. The power of the radiation observed by the camera varies both in time 

B,c ! 

~~------~~------~~--------=---~~ 
t 

~~~6-~--L---~L-----L-----~~--~---~ 

6 t [x10- 4s] 

FIG. 5. Elastic wave travelling through impacted bar e(t) and radiation power distribution 0(1) in the obser
vation field of thermovision camera. 

and space. The principle of operation of the thermovision camera used in the present 
experiments consists in observing the successive points of a selected sample line by means 
of a rotating prism. After an observation cycle of a Lc = 7.056 em long line from the 
left to the right side during the time period of L1tr = 5.56 · 10- 4 s, the prism jumps, in 
a time period of L1 t~ = 8.8 · 1 o-6 s, to the next observation cycle. The principle of opera
tion of the thermovision camera used in the present tests is illustrated in Fig. 6. It is a plot 
of. (X, t) and the origin of the coordinate system is located at the bar boundary. The 
dashed ordinate lines enclose the observation range of the thermovision camera, while 
the couples of heavy lines correspond to the cycles m = 0, 1 , 2, 3, .. . , k during which 
the strong discontinuity wave propagates through the sample; the straight lines n = 
= 0, 1, 2, 3, ... , I determine the points of surface (X, t) at which the power of the radiation 
emitted by the sample is recorded. Since the camera is not triggered at the instant of impact 
but operates continuously, it observes, at the beginning of the impact, an arbitrary point 
located at the length Lc. Thus it completes this observation cycle and, say at an instant 
t 0 , it starts a new full record of the radiation power of the entire line Lc. It is possible 
to record the infrared radiation of the sample surface on its meridian line as a function 
of time. Radiation is recorded on line xl = Vcam(t- tD) (Fig. 7), where Vcam is the "sweeping 
velocity" of the camera along a selected horizontal line corresponding to the meridian 
line of the cylindrical sample. Figure 7 illustrates the wave propagating in -the sample 
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Fro. 6. Schematic diagram of images recorded by thermovision camera. 

· fA 

Incident bar 

FIG. 7. Images of waves propagating in sample and incident bar. Infrared radiation power is recorded 
on line AE . 

.and the incident bar on the phase plane (X, t). Points A, B, C, D, E and R correspond 
to the points shown in Fig. 8. The sample looses its contact with the bar at instant tk. 

On the diagram O(X1) (Fig. 9), a complete observation cycle is contained between two 
points at which the observed quantity changes its sign. On the same diagram prepared 
for a striker velocity of v ~ 100 ms- 1 and for blackened surface (its emission is approxi-
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Temperature indicator 

Thermovision camera 

FIG. 8. Observation field of thermovision camera. 

-- -- -- ------ ------_cp .· 

X[cm] 3 2 0 

FIG. 9. Typical curve of sample radiation power versus X1. 

mately 5 times that of natural colour), it is possible to distinguish three maxima (Fig. 9). 

The first maximum (rather weak) located at the left side is caused by the heat radiation 
of the indicator heater wires (point R); the second maximum (most clear at point C) 
and the third maximum (at point D) correspond to the end of the stdker bar and the end 
of the incident bar, respectively, both ends being heated up during the impact. The obtained 
results for both series. of the samples are reproducible-. By changing the frequency of the 
oscilloscope time base, it is possible to take records of two more time sequences of radiation 
power at the impact point by means of the camera sweeping from the left to the right side. 
Specimen records of four successive sequences starting every L1tr +Llt; = 5.65 · I0- 4 s 
are ~iven ·in Fig. 10. The first maxima were not displayed completely on the oscilloscope 
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e 
'"· 

-n-- --m- --N-

0 1 2 4 10 12 14 16 1a 20 tr_x 10-:;j 
FIG. 10. 

screen: successive sequences, numbers 2 and 3, are of similar shapes but their maxima 
are lower. The temperature drops abruptly because much heat is released from the_ ends 
of the bar and sample through conduction and radiation. From the records of deformation 
e{t) in the incident bar (cf. Fig. 5), it is possible to determine the strain and stress at the 
contact point of the sample and the bar (under the assumption that the incident bar is 
elastic). The col)tact period tk can also be determined. Permanent longitudinal and trans
verse deformations Ll 11 and Ll 22 were measured. 

3.2. Experimental results with the modified pressure Hopkinson bar 

In comparison with the test involving an impact against an elastic obstacle, the present 
experiments differ only in the-sample shape and in the way of producing the plastic deforma
tion. The long sample ejected from the gun tube was replaced by a thin cylindrical sample 
sandwiched between two elastic bars and deformed by the third bar striking them. No 
changes were introduced into the system that recorded the same physical quantities. 
Similarly as in the preceding case, the two-channel oscilloscope recorded two varying 
quantities, namely: the poweF of radiation emitted by the cylindrical sample surface 
(line) and the wave ei(t) travelling in the incident bar. No third channel was available 
to record the wave et{t) which passes through the deformed sample and is transmitted 
through the second impacted bar. 

Figure II shows the quantities O(t) and ei(t) taken from the oscilloscope screw for 
sample 5D. The cpmpressive wave ei(t) and extensile wave e,(t) reflected from the sample 
face can be approximated by trapezoidal figures. Thus it is possible to calibrate the system 
dynamically so that the maximum deformation corresponding to the wave (e)max = Vstrf2c0 

can be found from the measurement of the striker impact velocity vstr. · In this way one 
can determine the direct relation between mechanical quantities (deformation) and electrical 
quantities, i.e. the signals fed from strain gauges and recorded on the diagram. The dis-
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tribution pattern of the power of infra-red radiation recorded by the thermovision system 

is also qualitatively similar. The initial veloCity of the striker bar is restricted by the strength 

of the remaining bars used in the experiment. Due to low initial velocity and small mass 

of the sample, the power· of the radiation emitted is much lower than that produced by the 

heater wires of the indicator. Thus the distribution pattern of radiation power correspon-

B,c 

O(t) 

0 

FIG. 11. Deformation e(t) in Hopkinson pressure bar and sample surface radiation power O(t). 

8,E 

FIG. 12. Deformation e(t) in Hopkinson pressure bar and sample surface radiation power O(t). 

ding to a single observation camera sequence consists of a clear peak (indicator) and 

a single, much lower maximum produced by the sample radiation. 
Figure 12 shows the experimental results obtained for sample 9D. By doubling the 

time base period it was possible to record three successive sequences of radiation of the 

sample during deformation. By applying a longer period of time base, as many as eight 

successive sequences of radiation power were recorded for sample 7 D (see Fig. 13). 
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It is seen from these diagrams that, with a striker impact velocity of Vatr ~ 20 mjs, 
the sample temperature increases for about 2.10- 3 s (three successive sequences) and 
for about 3.10- 3 s it remains approximately constant. 

G(t) 

L 
~ 

J { \. ,( i/ '- '-
10 15 20 25 30 35 40 

FIG. 13. Effect of double extension of oscilloscope time base as compared to image recorded in Fig. 12. 

4. Analysis of experimental results. Comparison with theoretical calculations 

Work [2] presents a discussion on the energy stored in metal (monocrystal and poly
crystal) under the assumption that deformations are small. An elastic-plastic rod subject 
to quasi-static and dynamic loadings was taken as an example to analyse the temperature 
field in a deformed material from the point of view of several hypotheses concerning the 
thermodynamic equation. An identical problem was solved in [I] for finite deformations 
on the basis of a theory that disregards the transverse inertial effects of the sample but 
takes into account its transverse expansion. On the basis of the method of characteristics, 
an initial-boundary value problem was solved for boundary and in~tial conditions which 
are identical to those in the experiments applied to the long samples described in the 
present work. Numerical data were close to those used for the samples tested in the experi
ments. 

The calculated permanent longitudinal L1 11 and transverse deformations L1 22 (for 
a fixed time) of the sample under test are shown in Fig. 14 together with the corresponding 
strains measured on the deformed samples (the sample whose infrared radiation power 
distribution is shown in Fig. 9). The maximum deformations appear at the boundary 
of the sample under test. It is seen that the maximum deformations' calculated and measured 
coincide. The differences between the measured and calculated deformations over the 
entire range of permanent strains can be explained by disregarding the term of instantaneous 
deformation in the constutive equation (cf. [1]). From the mathematical point of view 
this means that only disturbances with the velocities of elastic waves can propagate in the 
material under consideration. Plastic waves are nonexistent. It follows obviously from 
the experiments described here that, in a theoretical discussion on long dynamically de
formed samples made of strain rate sensitive materials, it is necessary to take into account 
not only the deformation of a relaxation type but also the instantaneous deformations. 
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It was shown in ref. [7] on the example of small deformations of an inelastic bar striking 
a rigid obstacle that considerable diffet::ences may be observed between the distribution 
of permanent deformations along the bar axis L1 11 , and the experimental curves obtained 
in the cases of viscoplastic models or bodies which are not sensitive to the strain rates. 
However, the maximum values of permanent deformations at the front of the bar are 
identical for both types of materials. 

Ll 
0.28 

O.Z4 

0.20 

-- Theoretical 

0.16 ---- Experimental 

Q12 

0.08 

0.04 

0 1/2 X 

FIG. 14. Permanel)t deformations of samPle: L1 11 longitudinal deformations, L1 22 transverse deformations,. 
--- calculated, - - - - - - - measured. 

In [1] the term describing the instantaneous plasticity was purposely disregarded to 
confine the ·considerations to viscoelastic bodies since in sucli a case the numerical solution 
of the initial boundary value problem is much simpler than that referring to the models. 
exhibiting instantaneous plasticity properties. 

The dashed line in Fig. 15 represents the temperature variation L1T along the sample· 
under test (th~t is, along the straight line xl = Vcam(t- tD) o,f Fig. 7). The distribution 
of the power of infrared radiation along the sample is shown in Fig. 9. Temperature
increase as a function of sample length was calculated on the basis of the relation HI Hw· 
and L1 T illustrated in Fig. 2. The solid line in this figure represents the temperature increase
(also along the line X1 = Vcam(t- t»)) calculated from the numerical solution of the initial
boundary problem considered. The impact velocity of the sample was almost identical in 
the two cases. The difference between the calculated and measured results can also be 
explained by disregarding the instantaneous plasticity in · the theoretical discussion. The 
experimental temperature increase and the heating region of the sample face are larger 
than those predicted by the theory. 
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The experimental results are highly reproducible for both the long and short cylindrical 
samples. However, it is impossible to perform a more general interpretation of the results 
to obtain, for example, the complete relation between the temperature variation of the 
sample versus strain rate, permanent strains, etc. because only 30 long samples were 
tested in impacts against a rigid obstacle, and only 12 short cylindrical samples- in the 
modified Hopkinson pressure bar system. The experiments enable only a qualitative 
analysis of the effect and allow for the drawing conclusions on the mathematical descrip
tion of dynamic deformations in the range of large strains and of the coupled equations 
of elasticity. 

100 

80 

60 

40 

20 

Tbeoretical 

Experimental 
W0 ""'70m/s 

o X 

FIG. 15. Temperature increase along sample under test, on line X1 = Vcam(t-tv), calculated, 
- - - - - - - - - measured. 

A number of important factors were omitted in the experiments which may prove 
to be of importance for the proper interpretation of the results obtained. First of all, 
the experiments should be performed in a vacuum, what involves serious technical diffi-... 
culties in the case of dynamic deformation of the specimen. The variation of emmisivity 
of the surface in the proces's of def6rmation should also be taken into account; large 
deformations of the specimen lead to considerable deformation of its surface. 
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