Thermal Expansion

Have you ever noticed that small gap in the railway tracks? Why do you
think they are there? Or, have you ever noticed your mom trying to
open up a jammed bottle, by heating up near its neck? What is this
magic all about? Let’s find out more about the process of thermal

expansion here.

Thermal Expansion

If the temperature increases, then the volume of the material also
increases. Generally, this is known as thermal expansion. We can
express it in this way that it is the fractional change in length

or volume per unit change in temperature. In case of expansion of a
solid, normally linear expansion coefficient is usually employed.

In case of thermal expansion of solid, it is described in terms of change
in length, height, and thickness. For liquid and gas, the volume
expansion coefficient is more useful. Generally, if the material is a fluid
then we can describe it in terms of change in volume.



Among the atoms and molecules, the bonding forces vary from
material to material. Characteristics of elements and compounds are
known as expansion coefficient. If a crystalline solid has the same
structural configuration throughout, (isometric) then in all dimensions
of crystal the expansion will be uniform.

If the crystal is not isometric then expansion coefficient is also different
for different crystallographic directions and as the temperature will
change then the crystal will also change the shape. Softer materials
have a higher coefficient of expansion (CTE) but harder materials like
tungsten have lower CTE.
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Types of Expansion

Linear Expansion: Linear expansion is defined as the increase in the
length of the solid. Example: If we will consider one rod where the
length of the rod is |, and we will increase the temperature of a rod
by a small amount. So Linear Expansion is given by:

AL
T — C}:L.&T

AL = change in length
L = original length
AT = change in temperature
o = linear coefficient of
" thermal expansion

The Coefficient of linear expansion of the given solid is denoted as a.
then for a unit is per degree Celsius) in the CGS and in the Sl system
it is per kelvin K.

Volume Expansion: \Volume expansion is defined as the increase in
the volume of the solid on heating. With a change in temperature At
the change in volume of a solid is given by Av=V At where the
coefficient of volume expansion isy.

. Area or superficial Expansion: Superficial expansion is defined as the

increase in surface area of the solid on heating. If you consider at 0°C
area of a solid is A,then its area at t°c is given by: Ay(l+Bt). Unit of B




is °C* or K. Where B is known as the coefficient of superficial
expansion.

6a =3B =2y

This equation shows the relationship between a is the linear
expansion, B is the superficial expansion, is volume expansion. These
three coefficients of expansion for a given solid are not constant
because these values totally depend on the temperature. Examples of
thermal expansion in our daily life are thermometers, riveting, on
wooden wheels fixing metal tires etc.

Solved Example For You

Q. In one continuous piece from a roll of a sheet of aluminum modern
eavestroughs are constructed. For a 30-meter-long what is the change
in length? Where a=23x10°C" for temperature range AT=100F.

Ans: AL=L, a AT

= (30m) (23x 10°)(500/9) = 3.8 cm



