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Boltzmann distribution
1 Resistance of a thermistor

A thermistor is a just a semiconductor wafer that is attached to some
leads. Do go through the reading(1) to understand (a)that the elec-
trons in a thermistor can be either in the conduction or the valence
band, and (b) that the proportion of electrons in the conduction band
increases with temperature. The resistance of the thermistor should
vary with temperature like R(T) ∝ eB/T , where B = Eg/2k is a con-
stant related to the energy of the band gap Eg, and the Boltzmann
constant k.

For your experiment, you’ll need:

1. Thermistor

2. Multimeter

3. A glass/steel tumbler for holding water

4. Water at boiling temperature

5. Ice

6. A small piece of aluminium foil

7. A piece of styrofoam (The piece that your thermistor came at-
tached to will do)

8. Thermometer

Instructions

1. Cover the thermistor with a piece of aluminium foil. The ther-
mistor will be dipped in water, so you’ll have to cover it so as to
minimize any contact with water.

2. Poke the legs of the thermistor through the piece of styrofoam (Or
a piece of cardboard). The sytofoam is meant to sit on top of the
container, like in the picture.

3. You can also make a hole in the strofoam or cardboard for the
thermometer to be inserted.

4. Fill the glass with water of boiling temperature and note down the
resistance of the thermistor, using the multimeter.
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Figure 1: Setup for Activity 1

5. Also note down the corresponding temperature reading on the
thermometer

6. As the water cools, measure the temperature and resistance. How
many points, you ask? As many as you want. You can make the
water cool faster by adding some extra cold water, or by dipping
your glass into some cooler water, or just by choosing a small steel
tumbler which cools down faster.

7. Also make measurements starting from ice cold water, as it warms
up.

8. According to Boltzmann, R = AeB/T . Choose the appropriate
functions f (R) and g(T) such that the graph of f (R) vs g(T) gives
you a straight line, with a slope of B.

9. With your tabulated values, plot f (R)vs g(T). Is it a straight line?
If so, find the slope of the straight line, by using the least squares
fitting method.

10. The band gap of semiconductor is of the order of magnitude of
1eV (electron volt). Can you estimate the order of magnitude of
the boltzmann constant in Joule per kelvin, using your result for
slope?
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2 Make a thermometer at home

If you don’t have a thermometer (some of you got broken ones), you
can use the principle of calorimetry, a thermistor and a multimeter
to make a thermometer. The principle of calrimetry says that if you
have a mass m1 of water at temperature T1, and a mass m2 of water
at temperature T2, then the temperature of the mixture is (m1T1 +

m2T2)/(m1 + m2).

For this experiment, you’ll need:

1. A styrofoam cup. If not available, any glass/steel tumbler and
some rice/sand/corrugated cardboard.

2. Water at 0o C:

3. Water at 100o C:

4. Measuring flask

5. Thermistor

6. A small piece of aluminium foil, a piece of styrofoam/cardboard

Figure 2: Sectup Activity 2

Instructions:

1. Prepare your thermally insulated container: If you have a styro-
foam cup, that can be used as is. If not, you can place your con-
tainer inside another container and pack some rice/sand in the
space between the two. You could also cover the continer with a
few layers of cardboard or even a woolen sweater. Try to insulate
the container as much as possible.
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2. Make your ice bath: Take some ice and place it in a container, wait
for some ice to melt. Keep adding ice until enough (around 100

ml) of water has melted. Until all the ice melts, this mixture of ice
and water remains at 0o C. So if there are a fiew pieces of ice in the
container, the surrounding water will be at 0oC.

3. Make your boiling water bath: Boil some water, and keep it on the
boil. As long as the water is boiling, it remains at 100o C.

4. Cover the thermistor with a piece of aluminium foil and poke the
legs through a piece of cardboard. You can measure the resistance
via the leads that are sticking out.

5. Use the measuring jar, mix different volumetric proportions of ice
cold and boiling water (3:1, 1:1,1:3), to get 100 ml of water at a few
different temperatures.

6. Fill your insulated container with 100 ml of the mixture and mea-
sure the resistance.

7. Calculate the temperature of the mixture for each case using the
calorimetry formula (Assume that the density of water doesn’t
change significantly with temperature).

8. According to Boltzmann, R = AeB/T . Choose the appropriate
functions f (R) and g(T) such that the graph of f (R) vs g(T) gives
you a straight line, with a slope of B.

9. With your tabulated values, plot f (R)vs g(T). Is it a straight line?
If so, find the slope of the straight line, by using the least squares
fitting method.

10. You now have a thermometer, where you can measure the resis-
tance of the thermistor and use the above graph to figure out the
temperature.

11. The band gap of semiconductor is of the order of magnitude of
1eV (electron volt). Can you estimate the order of magnitude of
the boltzmann constant in Joule per kelvin, using your result for
slope?

3: Einstein’s model of a solid

Einstein’s model of a solid is a convenient model in which one can
understand the statistical definition of temperature, thermal equilib-
rium, and the Boltzmann distribution. To understand how this model
applies to the vibrational energy of a solid, please go through the
reading(2). Very simply the model is as follows: E quanta of energy
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are distributed amongst N particles, where each particle is allowed to
have an energy from the discrete set of possibilities- {0, 1, 2, · · · , E}.
For example, if N = 3 and E = 2, the microstates can be listed out as
{(0, 0, 2), (0, 2, 0), (2, 0, 0), (0, 1, 1), (1, 0, 1), (1, 1, 0)}. In each element,
the nth number is the energy of the nth particle, where n = 1, 2, 3.

Number of ways

Show that the number of ways in which E quanta of energy can be
distributed amongst N particles is N+E−1CE. For this, you can use the
“stars and bars” trick. First, we draw N + 1 bars , like for example,
when N = 3 and E = 2, we draw ||||. There are a total of N spaces
between the bars. Then in the nth space, we add en stars, where en

is the energy of the nth particle. So the microstate (0, 0, 2) will be
written as |||**| , (1, 1, 0) will be written as |*|*||, and so on.
Notice that every microstate will be bookended by bars. Use this
transformation to reason out that

Ω(E) =N+E−1 CE. (1)

Figure 3: Number of ways in which
2 quanta of energy are distributed
amongst 3 particles

Temperature

Use python for the following exercise.

1. First define a function nways(E, N) that returns the number of
ways in which E quanta of energy can be distributed amongst
N particles, using the expression (1). Useful python functions:
math.factorial()
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2. Define another function that calculates the approximate tempera-
ture temp(E,N), that returns τ = kT = 2/(log(nways(E + 1, N))−
log(nways(E− 1, N))).

3. Now imagine two systems A and B, initially isolated from each
other. The number of particles and total energies for A and B are
given by NA, EA and NB, EB, respectively. For NA = 10, EA = 25
and NB = 90, EB = 25, find temp(EA, NA) and temp(EB, NB) (as
defined in the previous step). These are τAand τB, the tempera-
tures of the two systems.

4. Now, let A and B come in contact, such that they exchange energy
with each other. The number of particles in each subsystem re-
mains the same as before, but the energy can change, keeping the
total a constant EA + EB = 50. An individual quantum of energy
is now allowed to leave system A and can be added on to any of
the particles in system B and vice versa. For every allowed value
of EA, find the number of ways ΩA+B(EA, EB) = ΩA(EA)ΩB(EB)

in which the total system has its energy partitioned into the two
systems as (EA, EB). Using the argmax method for numpy arrays,
find the value of EA for which the value of ΩA+B(EA, EB) is maxi-
mum. Let this value be Eeq

A .

Figure 4: Systems A and B

5. Find the temperatures τA =temp(Eeq
A , NA) and τB = temp(E −

Eeq
A , NB). Verify that they are approximately equal to each other

and aprroximately equal to (NAτA + NBτB)/(NA + NB)
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6. Fill in the table

NA EA τA(initial) NB EB τB(initial) Eeq
A τA (final) τB (final) τ = (NAτA,i + NBτB,i)/(NA + NB)

50 40 50 10

25 40 75 10

10 25 90 25

5 35 95 15

5 5 95 45

Boltzmann distribution

1. Let the system A contain only 1 particle. Using the same methods
as before, plot P(EA) vs EA for (NA, NB, E) = (1, 19, 2), (1, 199, 20), (1, 1999, 200).
Use the log scale for the vertical axis.

2. Show that as NB becomes larger, P(EA) approaches an exponential
distribution.

References

The following textbooks have been uploaded to the Thermal physics
shared folder.

1. Section 3.1 of Physics of Heat Capacity.

2. Part 5 , “Counting ways” of Change and Chance


