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INFLUENCE OF INTERATOMIC DISTANCE CHANGE ON LINEAR
DIMENSIONS OF SOLID STATE
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The change of linear dimensions of solid material series with temperature increase and its small changes takes place and is proportional
to change of distance between atoms. The harmonic oscillations don’t lead to rode length change. However, the force returning atoms to
balance state, lead to appearance of some anharmonicity which is described by the cube member in the expression of potential energy.

Let’s consider the rode length change from solid material
which increases with temperature increase. Let’s designate
the length increase at increase on 1K through (AL);. Thus the
thermal expansion coefficient can be defined by the
following formula:

r=(AL),/L (M
which increases with temperature. If we consider the simple
solid states at room temperature then coefficient change 7 can
be considered as small one in the comparison with its value in
the interval 100K and length increase is proportional to
temperature increase A7, i.e. AL/L=tAT at condition AL
<<L. Let’s suppose that AL is proportional to AT even at
small length changes in order to evaluate approximately 7
coefficient value.

Let’s we give such energy to the rode at which energy
which is equal to energy of atom bond £ (energy necessary
for separation of solid state on separate atoms) is on each
substance atom. Indeed, whole material is destroyed at such
process. Moreover, that such destruction takes place when
interatomic spaces increases in two times, i.e. rode length
increases in two times (AL=L). Further, supposing that linear
dependence of AL on AT is saved up to temperatures at
which the energy E is on each atom and temperature
accretion At is energy of measure given to each atom. For
example, the temperature increase on 1 K corresponds to
energy of each atom approximately on the value equal to
Bolzman constant k, i.e, approximately on 10* eV.
According to theorem about equilibrium energy distribution
on degree of freedom on 3-dimension oscillator is energy 3
kT. But at investigation of rode linear extension we interest in
only one direction. If linear dependence AL on AT takes place
then extension (AL) should be less at temperature increase on
IK than extension AL=L at energy obtaining by atom
approximately in k/E time. Thus:

T_(AL)1~£~10*‘
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where E is bond energy in electron-volt for substance solid
state at room temperature.

The values of linear thermal expansion coefficients : 7, -
are calculated ones, 7, are experimentally measured ones; the
values of bond energy £ and Debye parameter 6 of some
substances [1,2].
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Table.
Substance 7. <105 7, <105 E, eV 0, K
Na 3.9 6.9 1.1 158
Li 2.7 4.5 1.6 344
Al 1.3 2.3 34 428
C 0.58 0.1 7.4 2230
Fe 1.0 1.2 43 470
Ni 1.0 1.3 4.3 450
Si 0.94 0.25 4.6 645
Cu 1.24 1.6 3.5 450
Pb 2.2 2.9 2.0 105

As it is seen from the table many simple solid states
have linear thermal expansion coefficients by 107 order
which is easily explained taking under consideration that
temperature increase on 1K corresponds to energy which is
equal to 10107 bond energy, given to each atom.

M ~ 5 is obtained on the base

L E
of the fact that extension is proportional to temperature
increase. Let’s show that this supposition is carried out at
small temperature changes.

Let’s consider the two neighbor atoms oscillating
relatively positions of their balance which is separated by
distance d. We investigate the behavior of two neighbor rode
atoms the material of which is characterized by interatomic
spaces D. The distance between atoms is (d+x) in each time
moment, where x is inclination from balance state. The
oscillations are harmonic ones up to the moment when
potential energy U, can be considered as quadratic function
U(x)=ax’ and average value of x is equal to zero not
depending on oscillation energy value.

The harmonic oscillations are characterized by motion
symmetry relatively to oscillation center that’s why they
don’t lead to rode length change. But the force returning
atoms to balance increases at x<0 and decreases at x >0, so
we can suppose the anharmonicity appearance. In comparison
with harmonic motion, the strength of extension decreases at
big distances between atoms and compressive strength
increases at decrease of distances between them. Then in first
approximation this can be described by cube member in
expression for potential energy U(x):

The expression 7 =

U =ax> —bx’, where a,b>0 3)
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At oscillation motion the kinetic energy in far points
X, are trajectories of x transform into zero. Consequently, we

can make equal U(x) at X = X, total energy. According to

theorem on energy equilibrium distribution on degree of
freedom, the anharmonic corrections are relatively small ones
up to moment when heat energy of harmonic oscillation is
equal to k7. Then we can write:

kT = ax; —bx; “)

kT2
In the case when b=0, we have x, =+ — . At

a

room temperature the cube member in potential energy is
small one in the comparison with quadratic one, so we can

find x, at b=0 by the way of substitution of values X,
corresponding to =0 in second member of first part of

expression (4):
[kT
a

where the root can be taken with “plus” sign. Then we define

1+2

a

kT
a
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the extreme points X, and X_ considering the second
member in brackets as small one in the comparison with one,

1e.:
kKT b kT kT b kT
X, = —+—— — [t
a 2a a a 2a a

Consequently, two extreme values of inclination on
equilibrium are equal on absolute value and opposite on sign.
They both are shifted in positive direction on the value:

5 =(b/2a>)- kT 5)

The average value of shift X isn’t equal to zero, but
close to O . It isn’t equal to O as averaging at anharmonic
oscillations are enough difficult ones but we can consider
X=0.

At investigation of function behavior Ufx)at x =d we
can obtain the estimations for a and b parameters. In this case
the approximation (3) isn’t equal and we should take under
consideration the members of highest orders on x in
expression for potential energy. We suppose that at x ~ d
the value U(x)is by the order of bond energy. And we can
suppose that members of expression (3) have order by E
value. Then we can consider a ~ E/d2 ; B~E/d® and
according to (5) we obtain the expression
5/d = (1/2)(kT/E) for relative extension. As we suppose
that rode length increases proportionally to distance between

atoms then we obtain the following for thermal expansion
coefficient:

(6)

which coincides with formula (2). Sometimes the use of
expression (2) leads to better agreement. The diamond and
silicon are exclusions. This is connected with fact that Debye
temperature extremely exceeds the room one. The last one
means that essential part of atomic oscillations doesn’t
excited at room temperature and supposition on the energy kT
is on each one equilibrium oscillation, isn’t right. The
coefficient 7 has the value 0,51x107 at 1400K, and for silicon
0,45x10° at 1200K. Consequently, formula (6) at high
temperatures better corresponds to experiment.
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ATOMLAR ARASI MOSAFONIN BORK CiSMIN XOTTi OLCULORINO TOSIRi

Gostorilmisdir ki, temperaturun artmasi ile bazi bark cisimlorin uzunlugunun artmast haqigeten mévcuddur va temperaturun kigik
dayigmalorina atomlar arasi mosafonin doyismasi ilo miitonasibdir. Harmonik ragsler milin uzunlugunun dayigmasina gotirmir. Lakin
atomlart tarazliq vaziyyatine qaytaran giivve potensial enerjinin ifadesinds kubik haddls ifads olunan miisyyan anharmonizmin yaranmasina

gatirir.

A.A. Aracues, 3.M. Mareppamos, JI:x.I'. [xa06apos, M.3. Mamenos, H.H. I'ox:kaeB

BJIUSHUE U3MEHEHUSI MEXKATOMHOI'O PACCTOSIHUSI HA JIMHENHBIE PA3SMEPBI
TBEPJ1OT'O TEJIA

H3MeHeHue JIMHEHHBIX pa3MepoB psAa TBEPAbIX MaTepHaJOB C IOBBILICHUEM TEMIEpaTypbl, NpU €€ MaJblX H3MEHEHHMSX,
JEHCTBUTEIFHO UMEET MECTO U IIPONOPLHUOHAIBEHO M3MEHEHHIO PACCTOSHUS MEXIy aToMaMH. [ 'apMOHMUYeckue KojieOaHusl He NMPUBOASAT K
HW3MEHEHUIO JUIMHBI cTepkHs. OJHAaKo cuila, BO3BPALIAOIIAs aTOMBI K MOJOXEHHIO PABHOBECHUS, MPUBOAUT K TOSIBIEHHIO HEKOTOPOTO
AHIapMOHHU3Ma, KOTOPOE OIMHCHIBAETCS KyOMUIECKHM UIEHOM B BHIPAXXEHHHU MOTEHI[ANIBbHON SHEPTUHL.
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