
B.Sc. (Prog) Sem-3, Thermal Physics 

Solved Paper 2017 

 

alllabexperiments.com 



 

alllabexperiments.com 



 

alllabexperiments.com 



Solution of this paper  

Q.1(a). Zeroth Law of Thermodynamics:  Consider three bodies A,B and C. If A is in thermal 

equilibrium with B and B is in thermal equilibrium with C then A will also be in thermal 

equilibrium with C.  

 

Significance: 

• It has wide applications in thermometry. 

• If body C is a thermometer and it’s used to measure temperatures of A and B. If it 

shoes both the readings as same, then C is infect showing its own temperature. 

(b). Work Done In adiabatic process: 

alllabexperiments.com 

alllabexperiments.com 



 

 

 

 

 

 

 

alllabexperiments.com 



 

 

 

 

 

 

(c). Pressure and Melting point are explained by Clausius-Clapeyron equation. 
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   The equation in the picture explains the change in 

melting point T with change in pressure P. ΔV is 

change in volume and ΔS in change in entropy. 

For example, let’s discuss about melting of Al. 

Al (s) =Al (l) 

In the above reaction, Entropy is increasing and 

volume change is positive thus dT/dP is positive. 

Which implies that with increase in pressure the melting point of Aluminium is increasing. 

(d). ………………….. 

(e) With an increase in temperature, there is typically an increase in the molecular interchange 

as molecules move faster in higher temperatures. 

The gas viscosity will increase with temperature. According to the kinetic theory of 

gases, viscosity should be proportional to the square root of the absolute temperature, in 

practice, it increases more rapidly. 

In a liquid there will be molecular interchange similar to those developed in a gas, but there 

are additional substantial attractive, cohesive forces between the molecules of a liquid (which 

are much closer together than those of a gas). Both cohesion and molecular interchange 

contribute to liquid viscosity. 

The impact of increasing the temperature of a liquid is to reduce the cohesive forces while 

simultaneously increasing the rate of molecular interchange. 

The former effect causes a decrease in the shear stress while the latter causes it to increase. 

The result is that liquids show a reduction in viscosity with increasing temperature. With high 

temperatures, viscosity increases in gases and decreases in liquids, the drag force will do the 

same. 

 (f) An object that absorbs all radiation falling on it, at all wavelengths, is called a black-body. 

When a black body is at a uniform temperature, its emission has characteristic frequency 

distribution that depends upon temperature. This emission is called black body radiation. It is 

found that a hot object emit the energy in the form of electromagnetic radiation, where the 
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maximum in the emitted wavelength shifts to the shorter wavelength as the temperature of 

the emitter is raised. 

  

A black body is an ideal emitter, such that an object capable of absorbing and emitting all 

wavelength of radiation equally. As the temperature decreases the peak of the black body 

radiation moves to lower intensities and lower wavelength. The blackbody radiation also 

compared with the classical model of Rayleigh and Jeans. 

The emission curves of a black body have the form shown in figure where T1 >T2 > T3. 

The energy distribution, or spectral energy density, is the energy per unit volume of the cavity 

that is emitted in the wavelength interval from �  to  � + �� .The total area under the curve 

increases as the temperature increases, indicating that the hotter an object is, the more 

energy it radiates per unit volume. 

The significance of black body radiation is- 

1. The black body is importance in thermal radiation theory and practice 

2. The ideal black body is important in studying thermal radiation and electromagnetic 

radiation. 

3. The black body is used as a standard with which the absorption of real bodies is 

compared.  

Q1(g). The two Postulates of Statistical mechanics are: 
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1. First Postulate: This postulate is often called the principle of equal a priori 

probabilities. It says that if the microstates have the same energy, volume, and number 

of particles, then they occur with equal frequency in the ensemble. 

2. Second Postulate:  The ensemble average of a thermodynamic property is equivalent 

to the time-averaged macroscopic value of the property measured for the real system.  

 

This postulate tells us that we can calculate the thermodynamic properties of a material if we 

have a model that provides us with a way to describe the possible microstates of the system. 

As we make a measurement on the real system, we might imagine the atoms in the system 

undergoing thermal fluctuations that allow the system to rapidly fluctuate between the many 

microstates of our model, making the time average measurement on the real system 

equivalent to averaging the property in our ensemble of microstates in the model. 

Q 2(a) Answer It is defined as ratio of net mechanical work done per cycle by the gas to the 

amount of heat energy absorbed per cycle from the source 
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Q 3a Answer-3(a). The Second Law of Thermodynamics: 

Kelvin - Planck Statement - Second law restricts the thermal efficiency of a heat engine to 

less than one. It stipulates that some portion of the energy absorbed as heat from a source 

must always be rejected to a low temperature sink. 

Wilhelm Ostwald introduced the concept of perpetual motion machine of the second kind 

(PMMSK or PMM2), that is, of a device which would perform work solely by absorbing energy 

as heat from a body. Such a device does not violate the first law of thermodynamics. 
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 Fig. 1 

A PMMSK is a hypothetical device (Figure 1) which working cyclically, receives energy as 

heat from a single thermal reservoir, and delivers as equivalent amount of work. The Kelvin-

Planck statement of the second law tells us that it is impossible to constructs a perpetual 

motion machine of the second kind. 

Clausius Statement of the Second Law 

Heat always flows from a body at higher temperature to a body at a lower temperature. The 

reverse process never occurs spontaneously. Clausius' statement of the second law gives: It 

is impossible to construct a device which, operating in a cycle, will produce no effect other 

than the transfer of heat from a low-temperature body to a high temperature body. 

 This statement tells us that it is impossible for any device, unaided by an external agency, to 

transfer energy as heat from a cooler body to a hotter body. Consider the case of a refrigerator 

or a heat pump (Figure 2) 

 

Figure 2 

When   
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And 

 

It is impossible to construct a refrigerator or a heat pump whose COP is infinity. Consider a 

domestic refrigerator, this device extracts energy as heat from the substance to be coded 

and transfers it to the surroundings. The refrigerator is supplied with electric power. Energy 

transfer as heat from a high temperature body to a low temperature body is a spontaneous 

process. The Clausius statement of the second law of thermodynamics tells that this 

spontaneous process cannot proceed in the reverse direction. 

Apparently, the Kelvin Planck statement and the Clausius statement of the second law of 

thermodynamics are altogether different. They are not! Instead, they are equivalent. A 

violation of Kelvin Planck statement leads to a violation of the Clausis statement too and vice-

versa. 

Equivalence of two statements:   

Let us suppose that the Kelven Planck statement is incorrect. 

 

Figure 3 

Refer to Figure 3 that is, it is possible to construct a device I which, working cyclically, absorbs 

energy a heat  from a source at temperature  and performs an equivalent amount of 

work . Next consider a device II which absorbs  amount of energy from a low 
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temperature body at  and delivers energy as heat  to a high temperature reservoir 

at . To accomplish this, work is done on the device. The device II does not violate the 

Clausius statement. For device II, we can write . Now combine I and II. The work 

delivered by device I is used by device, II. 

Then 

 (1) 

 

(2) 

  

This combined device (which is no more aided by any external agency) working cyclically, is 

not producing any effect other than the transfer of energy as heat  from the low 

temperature reservoir to the high temperature reservoir. This is in violation of the Clausius 

statement. 

 

Figure 4 

To prove that violation of the Clausius' statement leads to violation of Kelvin Planck 

statement, let us assume that the Clausius' statement is incorrect. That is, it is possible to 

constructs a device I (refer to Figure 4) such that it transfers energy as heat  from a body 

at lower temperature to a body at higher temperature unaided by any external agency.  
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Consider another device II which receives energy as heat  from a body at higher 

temperature, delivers work  and rejects energy as heat  to the body at a low 

temperature. Device II does not violent Kelvin Planck statement. Application of the first law 

of thermodynamics to device II gives, 

 

(3) 

Now consider the combination of devices I and II as a single device. This combined device, 

working cyclically, absorbs  amount of energy as heat from the thermal reservoir at 

temperature  and delivers work , leaving the thermal reservoir at 

temperature unaffected. That is, the resulting device is a PMMSK, which is in violation of 

the Kelvin Planck statement. Thus the Kelvin Planck statement and the Clausius' statement 

are equivalent. 

Q 3(b) Answer 3(b)………………….. 

Q 4(a) Answer 4 (a). Thermodynamic Potentials: Thermodynamic potentials are used to 

measure the energy of a system in terms of different variables because often we can only 

measure certain properties of the system. For example we might know the pressure and 

temperature of system but not the volume or the entropy. Thermodynamic potentials allow us 

to measure more state variables of the system. 

The thermodynamics potentials are the internal energy, enthalpy, Gibbs free energy and 

the Helmholtz Free Energy. 

These different potentials can be remembered by writing them in the form of a grid. 

 +P V 

 U H 

-T S F G 
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From the first law of thermodynamics, the internal energy, is given by 

                                 dU = dQ + dW 

                                 dU = T dS + P dV 

From H = U + P V, then dH = dU + dP V + P dV (using the chain rule). 

The first column of the first row contains just the internal energy U, to obtain the enthalpy, we 

must add P V. In the second row, the Helmholtz Free F energy is the internal 

energy, U minus T S, finally in the second column of the second row, the Gibbs Free 

Energy G we must add P V and take away T S. 

We wish to have a number of expressions for the energy of a system in terms of different 

variables, for we shall sometimes know the pressure and temperature of a system, but not 

the volume or entropy; or we might know the volume and temperature but not the pressure 

and entropy. In most cases, we shall know only a few relevant quantities and will wish to find 

out many more. This leads to the following definitions two or more thermodynamic quantities: 

                                                                  H = U + P V 

                                                                  F = U - T S 

                                                                 G = U + P V - T S 

 

MAXWELL RELATION: 

At first, we will deal the Internal energy u, Enthalpy h, Gibbs function g and Free energy or 

Helmholtz function f. All these four are expressed on per unit mass basis: 

Internal Energy u: 

The differential form of 1st law of thermodynamics for a stationary closed system, which 

contains a compressible substance and undergoes an internally reversible process, can be 

expressed as: 

du=δqrev – p∙dν  → δqrev = du + p∙dν 

In addition, the entropy is defined as: 

T∙ds= δqrev 
Then we have: 

alllabexperiments.com 



T∙ds = du + p∙dν →  du = T∙ds – p∙dν 

And 

   

Enhalpy h: 

According to the definition of ethalpy, we have: h=u+p∙ν 

We then write it in differential form: 

dh = du + p∙dν + ν∙dp → dh – ν∙dp = du + p∙dν 

Now we can eliminate du by using dh: 

dh = T∙ds + ν∙dp 

 

and 

                                                                              

Gibbs Function g: 

Definition of Gibbs Funtion g is:  

                                                                                                   g=h – T∙s 

So the Gibbs function g in differential form is: 

dg = dh – T∙ds – s∙dT 

And knowing from the above equation (dh = T∙ds + ν∙dp), we get: 
dg = ν∙dp – s∙dT 

and 
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Free Energy (or Helmholtz Function) f: 

Definition of Free Energy f is: 

f=u – T∙s 

The differential form of free energy f is expressed as: 

df = du – T∙ds – s∙dT 

We can eliminate du by using du – T∙ds =– p∙dν, we obtain: 

df =– p∙dν – s∙dT 

and 

                                                

We know from the mathematics that any exact differential the mixed partial derivatives must 

be equal, which can be expressed as: 

dz = M∙dx + N∙dy 

where: 

                                                   

Then: 

                                          

According to this conclusion, we can obtain the following four relations by applying the above 

partial derivatives of properties pressure p, specific volume ν, temperature T and specific 

entropy s: 

 

These four equations are called the Maxwell Relations. 
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Q 4(b) Answer 4 (b) 
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Here we can also write, β= -1/E so, �� − �� =  −�2��� 

 

Q 5(a) Answer 5 (a). The Joule-Thomson effect: This refer to a change in the temperature 

of a gas which occurs during adiabatic expansion of gas through a throttle from high pressure 

p1 to lower pressure p2. We will calculate this change in temperature. Similar to the Joule 

effect, this is an irreversible process.  

Assume that before the expansion, the gas occupies volume V1, after the expansion - V2. 

We can think of the system as having two pistons, one at each side of the throttle, that keeps 

the pressures p1 and p2 constants (see Figure) 
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We know from the third law, that when the temperature of a system approaches zero, so does 

the entropy. Thus, a cooling process is a process in which the entropy decreases. In a 

reversible process, the entropy doesn’t change, ∆S = 0. Thus, adiabatic cooling process 

depends on the fact that the entropy of a system depends not only on the temperature, but 

on other parameters as well (e.g., the volume, magnetic field, etc.). We shell label these 

parameters by α. During a reversible adiabatic process (in a thermally isolated system),  

                                                              S = S(T, α) = Const.  

 Thus, the process must change the parameter α to compensate for the decrease in 

temperature, so that over all the entropy will remain constant. 

Q5(b).  Joule Coefficient: 

  



 

 

 

 

 

 

Q6. a. Maxwell-Boltzmann Velocity Distribution: 

It was shown that the rms velocity of the molecules of gas is related to the gas temperature. 

If all the molecules of a gas at a certain temperature move at the same speed, then the rms 

value indicates the magnitude of the velocity of all the molecules. However, the speeds of 

gas molecules vary widely, and it is thus necessary to determine the velocity distribution of 

the molecule, so that the number of molecules moving with any particular velocity can be 

determined. 

Let us consider a volume of gas at a constant temperature, the molecules of which are moving 

at different velocities. The instantaneous velocity vector of each molecule is revolved into 

components vx, vy and vz. Let us imagine a velocity space (Fig.1) so that the space area of a 

sphere represents, at an instant, all molecules of equal velocities. 



 

Fig. 1 Velocity Space 

Each molecule has a representative point in velocity space. The number of molecules whose 

velocities lie between v and v + dv would be represented by the spherical strip of 

thickness dv, and be denoted by dNv. Since the total number of molecules N is very large, 

the strip dv, although small, still contains a large number of molecules. Let dNvx represent the 

number of molecules whose x -component velocities lie between vx and vx + dvx. Then the 

fraction  is a function of the magnitude of vx and the distance dvx, 

or, 

 

(1) 

where f(vx) is called the distribution function for x -component of velocity. 

Similarly, 

 

(2) 

and   

 

(3) 

 

(4) 
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Some of the molecules of  have y -component velocities lying between vy and vy + 

represented by        A differential of second order  has dvy and let this be 

been used, since this is a small fraction of an already small fraction, but still large enough to 

contain many molecules. Since the number of molecules is large, the following relation holds 

good. 

 

(5) 

 

(6) 

Similarly,  represent the number of molecules whose velocity components would lie 

between vx and vx + dvx, vy and vy + dvy and vz and vz + dvz. Therefore, 

 

(7) 

The number of representative points per unit volume, or the density of point in velocity space, 

represented by ρ, is 

 

(8) 

Since the velocity distribution is isotropic, the density is the same in any volume element so 

that 

 

(9) 

 

(10) 

At a radial distance v from the origin, 

 constant 
(11) 

 

(12) 
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To solve the Eq.(10), Lagrange’s method of undetermined multipliers is applied. Multiplying 

Eq.(12) by λ and adding to Eq.(10), 

 

(13) 

where λ is called the Lagrange’s  multipliers. 

 Since vx, vy and vz are now independent variables, the coefficients of dvx, dvy and dvz are 

individually equated to zero. 

 

(14) 

 

(15) 

 

(16) 

From Eq.(14), 

 

(17) 

 

(18) 

 

(19) 

or,             

 

(20) 

Similarly, 

 

(21) 
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and  

 

(22) 

where  is the constant of integration. The symmetry provides the same integration constant 

for all the three equations. 

Substituting the expressions for   and   in Eq.(8), 

 

(23) 

 

(24) 

or, 

 

(25) 

where  

 

(26) 

The density is found to be a function of v only, and it is maximum at the origin where v = 0 and 

falls off exponentially with v2 (Fig. 4.). To calculate the number of molecules with speeds 

between v and v + dv,  the volume of the spherical shell of thickness dv at a distance v from 

the origin is multiplied by the density of points , so that 

 

Fig.4. Density of velocity points 
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(27) 

Substituting for ρ from Eq. (26), the total number of molecules 

 

 

(28) 

  

(29) 

To integrate the above expression, let  so that 

 

(30) 

 

(31) 

where  is called Gamma function,  

Substituting the value of integrand in Eq.(29), 

 

(32) 

from which         

 

(33) 

The translational K.E. of the molecules of a gas is given by 

 

(34) 

Let x = β2v2, as before 

alllabexperiments.com 



                                  

  

  

(35) 

Now,                                          

 

(36) 

Hence, 

 

(37) 

 From Eq.(33) 

 

(38) 

Substituting these values in Eq.(28), 

 

(39) 

or, 

 

(40) 

This equation is known as Maxwell Boltzmann velocity distribution function. 
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Q6,b. 

 

Q7.a     

The photoelectric effect demonstrates that light waves have particle properties and that the 

light quanta, or photons, of a particular frequency ν each have energy hν. We need to 

reconcile this picture with the classical picture of electromagnetic waves in a box. In the 

classical picture, the energy associated with the waves is stored in the oscillating electric and 

magnetic fields. We found it necessary to impose the constraint that only certain modes are 

permitted by the boundary conditions – the waves are constrained to fit into the box with 

whole numbers of half wavelengths in the x, y, z directions. Now we have a further constraint. 

The quantisation of electromagnetic radiation means that the energy of a particular mode of 

frequency ν cannot have any arbitrary value but only those energies which are multiples of 

hν, in other words the energy of the mode is E(ν) = nhν, where we associate n photons with 

this mode. We now consider all the modes (and photons) to be in thermal equilibrium at 

temperature T.  alllabexperiments.com 
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In order to establish equilibrium, there must be ways of exchanging energy between the 

modes (and photons) and this can occur through interactions with any particles or oscillators 

within the volume or with the walls of the enclosure. We now use the Boltzmann distribution 

to determine the expected occupancy of the modes in thermal equilibrium. The probability 

that a single mode has energy En = nhν is given by the usual Boltzmann factor 

 

Where the denominator ensures that the total probability is unity, the usual normalisation 

procedure. In the language of photons, this is the probability that the state contains n photons 

of frequency ν. The mean energy of the mode of frequency ν is therefore 
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Q.7 b. In many practical applications (remote sensing, heat transfer, radio-astronomy etc) of 

interest is the surface density of a spectral flux of black body radiation. So we have from 

Plank’s law 

 
 Dividing above equation by temperature to the fifth power we get, 
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Q.8 a. 

 According to Joule's second law, which states that the internal energy of an ideal gas is 

solely a function of temperature:  

 

the internal energy change for this process will be zero and, thus, according to the first law: 

 

the heat change dQ occurring in the process will be converted completely into the work dW 

of expansion: 

 

To then calculate this work W we use Clapeyron's expression for the pressure-volume work: 

The pressure function for this body will be the ideal gas equation, which in classical ideal gas 

law notation is: 

 

and with substitution: 
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Alternatively, the statistical version of the ideal gas law can be written as: 

 

where N is the actual number of molecules in the system and k is 

  

the Boltzmann constant. With substitution, this gives the alternative work integral function:  

 

 

The above integral is a definite integral, which integrates according to the following rule 

Using the above rule for the definite integral of 1/x, we have: 

 

This can be reduced, using the rule that the logarithm of a ratio is the difference of the 

two logarithms: 

 

to the following form:  

 

With substitution of this into the reduced first law, step three (above), we have: 

 

Then, bringing the temperature over, we have: 
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From the definition given by Rudolf Clausius, this is thus the entropy change of the body of 

gas during the expansion: 

 

It is assumed that the molecules of the gas will always spread themselves as uniformly as 

possible throughout the space available to them, because of their thermal motion which drives 

them hither and thither. On this so-called "principle of uniform spread", the ratio of the 

probability W1 that the molecules will all remain in the volume v1, to the probability W2 of 

their occupying uniformly the larger volume v2 which is made available to them, is given by: 

and with substitution: 

 

Here, we have introduced Boltzmann's notion of Wahrscheinlichkeit, pronounced var-SHINE-

leash-kite, symbol W. 

If our integral had the form of what is called as an "indefinite integral", one without upper and 

lower limits, an additive constant would be used: 

 

and our formulation of entropy for our expanding gas body would be: 

 

 

or, if the nR constant is divided through: 

 

 

It seems to be the sense in which Planck first introduced the natural logarithm formulation of 

entropy in 1901, in his own notation as follows: 
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and where SN is the entropy of a system or black body composed of N resonators, which, 

according to Planck, "depends on the disorder with which the total energy U is distributed 

among the individual resonators. Planck was calling the following equation, without the added 

constant, the ‘general definition of entropy’, which is 

 

Q.8b. 

Fermi Dirac Statistics: 
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