Expansion of a railroad track. A steel railroad track was 30.0 m long when it was initially laid
at a temperature of -6.70 °C. What is the change in length of the track when the
temperature rises to 35.0 °C?

The coefficient of linear expansion for steel is a,.., = 1.20 x 10=>/°C. The change in length
becomes

AL — (XLoAf
=(1.20 X 107%/°C)(30.0 m)(35.0°C - (-6.70 °C)
=0.0150 m=1.50cm

The new length of the track becomes
L=Lo+AL

=30.0 m+ 0.0150 m = 30.0150 m
The force necessary to compress the rail is

F=AYAL

Lo
= (0.013 m?)(2.10 x 1011 Y. )(0.0150 m)
N\ m2/\ 300m /

=1.37x10°N




The change in area. An aluminum sheet 2.50 m long and 3.24 m wide is connected
to some posts when it was at a temperature of —10.5 °C. What is the change in area
of the aluminum sheet when the temperature rises to 65.0 °C?

The coefficient of linear expansion for aluminum is a,, = 2.4 x 10~°/ °C. The original area of

the sheet
Ao = L1L2
Ao =(2.50 m)(3.24 m) = 8.10 m*>

The change in area

AA = 2040t
= 2(2.4 X 107°/°C)(8.10 m*)(65.0°C — (-10.5 °C)
= 0.0294 m* = 294 cm°

The new area of the sheet becomes

A= :10 + AA
=8.10 m*+ 0.0294 m*=8.13 m?



The expansion of the solid can be explained by looking at the molecular structure of the
solid. The molecules of the substance are in a lattice structure. Any one molecule is in
equilibrium with its neighbors, but vibrates about that equilibrium position. As the
temperature of the solid is increased, the vibration of the molecule increases. However, the
vibration is not symmetrical about the original equilibrium position. As the temperature
increases the equilibrium position is displaced from the original equilibrium position.
Hence, the mean displacement of the molecule from the original equilibrium position also
increases, thereby spacing all the molecules farther apart than they were at the lower
temperature. The fact that all the molecules are farther apart manifests itself as an increase
in length of the material. Hence, linear expansion can be explained as a molecular
phenomenon. The large force associated with the expansion comes from the large molecular
forces between the molecules.



Fitting a small wheel on a large shaft. We want to place a steel wheel on a steel shaft with a
good tight fit. The shaft has a diameter of 10.010 cm. The wheel has a hole in the middle,
with a diameter of 10.000 cm, and is at a temperature of 20 °C. If the wheel is heated to a
temperature of 132 °C, will the wheel fit over the shaft? The coefficient of linear expansion
for steel is a = 1.20 x 10~>/°C.

The present area of the hole in the wheel is not large enough to fit over the area of the shaft.
We want to heat the wheel so that the new expanded area of the heated hole in the wheel
will be large enough to fit over the area of the shaft. With the present dimensions the wheel
can not fit over the shaft. If we place the wheel in an oven at 132°C, the wheel expands. We
can solve this problem by looking at the area of the hole and the shaft, but it can also be
analyzed by looking at the diameter of the hole and the diameter of the shaft. When the

wheel is heated, the diameter of the hole increases by
ALxn = oLoAt
= (1.20 X 107°/°C)(10.000 cm)(132 °C — 20 °C)
=1.34 X 10?2 em

The new hole in the wheel has the diameter L=Lo+AL=10.000cm + 0.013 cm
=10.013 cm

Because the diameter of the hole in the wheel is now greater than the diameter of the shaft,
the wheel now fits over the shaft. When the combined wheel and shaft is allowed to cool
back to the original temperature of 20 0C, the hole in the wheel tries to contract to its
original size, but is not able to do so, because of the presence of the shaft. Therefore, the
enormous forces associated with the thermal compression when the wheel is cooled, are
exerted on the shaft by the wheel, holding the wheel permanently on the shaft.



Object
Measure the coefficient of linear expansion of aluminum.
SAFETY WARNING
This experiment uses steam heating. Be careful to avoid touching the hot surfaces of the steam generator, plastic tubing and the expansion
coefficient apparatus. Make sure that the steam outlet tube from the apparatus goes to a sink.
Introduction
Most materials expand as they get warmer and shrink as they get cooler (this is true for solids, liquids and gases). In solids, the linear
dimensions of an object (such as length, height, depth of a hole or width of an aperture) changes with temperature according to the
following formula:

Al=al AT (Equation 1)
where Al is the change in length, a is the average coefficient of linear expansion over the temperature change AT and [ is the original
length.
In this experiment you will use a dial gauge (see figure) to measure the change in length Al of an aluminum tube of length [ (see figure).
The insulated aluminum tube is heated by passing steam through it and its average temperature is measured by a thermocouple placed
half way along the tube (see figure). The aluminum tube is fixed at one end and insulated from the base. The other end is free to move
when the tube expands, this movement is measured by the dial gauge attached to the base.
Apparatus
Thermal expansion apparatus with thermocouple attached, steam generator, stop watch, digital thermocouple meter.
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The basis of thermocouples was established
by Thomas Johann Seebeck in 1821 when he
discovered that a conductor generates a
voltage when subjected to a temperature
gradient. To measure this voltage, one must
use a second conductor material which
generates a different voltage under the same
temperature gradient. Otherwise, if the
same material was used for the
measurement, the voltage generated by the
measuring conductor would simply cancel
that of the first conductor. The voltage
difference generated by the two materials
can then be measured and related to the
corresponding temperature gradient. It is
thus clear that, based on Seebeck's
principle,  thermocouples can  only
measure temperature differences and
need a known reference temperature to
yield the absolute readings.



In a thermocouple circuit the current continues to flow as long as the two junctions are at different temperatures. The
magnitude and direction of the current depends on the temperature difference between the junctions and the
properties of the metals used in the circuit. This is known as the Seebeck effect.

( .\‘f‘)lu_-:
Hot hnction
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Hot hinction

Alumel

If this circuit is broken at the center, the net open circuit voltage (the Seebeck voltage) is a function of the junction
temperature and the composition of the two metals.

If the hot and cold junctions are reversed, current will flow in the opposite direction. Any two dissimilar metals can be
used and the thermocouple circuit will generate a low voltage output that is almost (but not exactly) proportional to
the temperature difference between the hot junction and the cold junction. The voltage output is between 15 and
40uV per degree C, dependant on the thermocouple conductor metals used. The actual metals used in industrial
thermocouples depend on the application and temperature measurement range required.



V =a(T), - T)

The voltage difference, V, produced across the terminals of an open circuit made from a pair of dissimilar metals, A and
B, whose two junctions are held at different temperatures, is directly proportional to the difference between the hot
and cold junction temperatures, T}, — T.. The voltage or current produced across the junctions of two different metals is
caused due to the diffusion of electrons from high electron density region to low electron density region as the density
of electrons is different in different metals. Due to this the current flows in opposite direction. If both the junctions are
kept at same temperature, equal amount of electron diffuses at both the junctions. Therefore the current at both the
junctions are equal and opposite and the net current is zero, and if both the junctions are kept at different
temperature then diffusion at both the junctions are different and hence different amount of current is produced.
Therefore the net current is not zero. This is known as the phenomena of thermoelectricity.
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