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Que 1. Explain Zeroth law and the concept of thermodynamic equilibrium. How it 

defines the concept of temperature? 

Ans: The "zeroth law" states that if two systems are at the same time in thermal 

equilibrium with a third system, they are in thermal equilibrium with each other. 

 

If A and C are in thermal equilibrium with B, then A is in thermal equilibrium with C. 

Practically this means that all three are at the same temperature, and it forms the basis 

for comparison of temperatures. It is so named because it logically precedes the First 

and Second Laws of Thermodynamics. 
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Thermal Equilibrium - It is observed that a higher temperature object which is in 

contact with a lower temperature object will transfer heat to the lower temperature 

object. The objects will approach the same temperature, and in the absence of loss to 

other objects, they will then maintain a constant temperature. They are then said to be 

in thermal equilibrium. 

 

Concept of temperature - There are underlying ideas about heat associated with the 

zeroth law of thermodynamics, and one of those ideas was expressed by Maxwell as 

"All heat is of the same kind." If A is in thermal equilibrium with B, then every unit of 

internal energy that passes from A to B is balanced by the same amount of energy 

passing from B to A. This is true even if the atomic masses in A are different from those 

in B, and even if the amount of energy per unit mass in A is different because the 

material has a different specific heat. This implies that there is a measurable property 

that can be considered to be the same for A and B, a property upon which heat transfer 

depends. That property is called temperature. 
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Que 2. What are the Extensive and Intensive Variables in thermodynamics? Give 

examples. 

Ans:  Intensive variables - The variables which are independent of size or amount of 

substance are called intensive variables.  Example: Density is an intensive variable. 

(because it does not depend on the amount of that substance) 

Extensive variables - The variables which depend on the size or amount of the 

substance are called extensive variables. It is additive for independent, noninteracting 

subsystems. Example: Mass and volume are extensive variables. (Because they are 

directly measuring the amount of substance) 

 

Que 3. State and explain first law of thermodynamics in its differential form. 

Ans: The first law of thermodynamics is the application of the conservation of energy 

principle to heat and thermodynamic processes: 

 

It can be written in differential form as  

 

Que4: Explain four Types of thermodynamic Processes. 

Ans: The four types of thermodynamic process are isobaric, isochoric, isothermal and 

adiabatic. 

1) Isothermal process: When the system undergoes change from one state to the 

other, but its temperature remains constant, the system is said to have undergone 
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isothermal process. For instance, in our example of hot water in thermos flask, if we 

remove certain quantity of water from the flask, but keep its temperature constant at 50 

degree Celsius, the process is said to be isothermal process. Another example of 

isothermal process is latent heat of vaporization of water. When we heat water to 100 

degree Celsius, it will not start boiling instantly. It will keep on absorbing heat at 

constant temperature; this heat is called latent heat of vaporization. Only after absorbing 

this heat water at constant temperature, water will get converted into steam. 

2) Adiabatic process: The process, during which the heat content of the system or 

certain quantity of the matter remains constant, is called as adiabatic process. Thus in 

adiabatic process no transfer of heat between the system and its surroundings takes 

place. The wall of the system which does not allows the flow of heat through it, is called 

as adiabatic wall, while the wall which allows the flow of heat is called as diathermic 

wall. 

3) Isochoric process: The process, during which the volume of the system remains 

constant, is called as isochoric process. Heating of gas in a closed cylinder is an 

example of isochoric process. 

4) Isobaric process: The process during which the pressure of the system remains 

constant is called as isobaric process. Example: Suppose there is a fuel in piston and 

cylinder arrangement. When this fuel is burnt the pressure of the gases is generated 

inside the engine and as more fuel burns more pressure is created. But if the gases are 

allowed to expand by allowing the piston to move outside, the pressure of the system 

can be kept constant. 

 

Que5: Calculate the work done by the gas during Isothermal expansion. 

Ans: Consider that one-gram molecule of a perfect gas is taken in a cylinder having 

perfectly conducting walls and bottom, provided with a piston. Let the cylinder be placed 

on a source of heat at temperature T°A. If the piston is now moved slowly outwards, the 
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gas expands, does some work and tends to cool but it absorbs required amount of heat 

from the source to keep it at the same temperature. The expansion is thus isothermal. 

Let the piston of area of cross-section A move through a small distance dx so that the 

gas expands by a small amount dV. As the expansion is small, the pressure of the gas 

remains practically constant, say P. 

Then the force acting on the piston, F = P×A 

and small work done by the gas, 

dW = F dx 

   = PA dx 

dW = P dV        [Since, A dx = dV] 

 

 

For a perfect gas, PV = RT or P = RT/V 

Substituting P = RT/V in the above equation, we get, 
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As temperature is constant during isothermal expansion and R is a gas constant, 

 

 

 

 = RT (logeV2 -logeV1) 

      = RT loge (V2/V1) 

W = 2.3026 RT log10(V2/V1) 

 

Que 6: Derive the equation which governs the relationship between pressure and 

volume for a reversible and adiabatic expansion. 

Ans: The first law of thermodynamics relates the change in internal energy dU to the 

work dW done by a system and the heat dQ added to it.  

                                                          dU = dQ – dW 

By definition, in an adiabatic process, the heat exchanged dQ = 0. Substituting this in 

the first law and rearranging gives 

                                                             0 = dQ = dU + dW 

the work done dW when a system changes its volume V by dV is PdV. 

The first term may be related to the specific heat, which is defined as the heat added 

per unit temperature change per mole of substance. If we add heat at constant volume, 

then the gas does not expand and so doesn't do work. So the added heat increases the 

internal energy U. So it follows that definition that the specific heat at constant volume is 

, where n is the number of moles. Hence 
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                        nRT = PV (ii)   

where R is the gas constant. Taking derivatives give 

 

We may now combine equations (i) and (iii) to eliminate T. (i) and (ii) give respectively 

these expressions for ncv dT: 

 

Collecting the PdV and VdP terms gives 

 

Now if the gas is ideal, its internal energy is all kinetic, so the internal energy U depends 

only on T. From the equation of state of an ideal gas (ii), we can calculate the work dW 

done at constant pressure: it is just PdV = nRdT. So, if we add heat to a gas at constant 

pressure, we have to extra heat RdT for each mole of gas, beyond the heat we should 

have to add at constant volume. So the specific heat of an ideal gas at constant 

pressure is just cP  =  cv + R. So we have 

 

 

and rearrange it to give 

 

Hence for an adiabatic process in an ideal gas, 
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Que 7: Calculate the work done by the gas during adiabatic expansion. 

Ans: Analytically, net -work W can be calculated by integrating dW between the limits 

V1 and V2. 

 

For an adiabatic change, 

PVγ = constant = K (say)  

 

Or, P = K / Vγ 

 

Equation (1) gives, 

 

 

 

Now P1V1
γ = P2V2

γ =K 

So, W = [1/1-γ] [P2 V2
γ V2-γ1 - P1 V1

γ V1
1-γ] 

Or, W = [1/1-γ] [P2V2 – P1V1]       ------- (2) 

If T1 and T2 are the initial and final temperatures of the gas, 

P1V1 = RT1 and P2V2 = RT2 

Substituting in equation (2) we get, 

 

W = [R/1-γ] [T2 - T1] 

Or, W = [R/γ-1] [T1 - T2] 
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Que 8: 

 

Derive expressions for the coefficients of isothermal compressibility and thermal 

expansion using the equation of state for an ideal gas. 

 

Ans: For an ideal gas, PV = nRT, the volume is given by V = nRT/P, so taking the 

partial derivatives gives:  

 

 

 

Que 9: Explain Reversible and Irreversible process in Thermodynamics. 

Ans: Reversible Process - The process in which the system and surroundings can be 

restored to the initial state from the final state without producing any changes in the 

thermodynamics properties of the universe is called a reversible process. In the figure 

below, let us suppose that the system has undergone a change from state A to state B. 

If the system can be restored from state B to state A, and there is no change in the 

universe, then the process is said to be a reversible process. The reversible process 

can be reversed completely and there is no trace left to show that the system had 

undergone thermodynamic change. 
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For the system to undergo reversible change, it should occur infinitely slowly due to 

infinitesimal gradient. During reversible process all the changes in state that occur in the 

system are in thermodynamic equilibrium with each other. 

Processes that are usually idealized as reversible include: 

• Frictionless movement 

• Restrained compression or expansion 

• Energy transfer as heat due to infinitesimal temperature nonuniformity 

• Electric current flow through a zero resistance 

• Restrained chemical reaction 

• Mixing of two samples of the same substance at the same state. 

 

Irreversible Process - The irreversible process is also called the natural process 

because all the processes occurring in nature are irreversible processes. The natural 

process occurs due to the finite gradient between the two states of the system. For 

instance, heat flow between two bodies occurs due to the temperature gradient between 

the two bodies; this is in fact the natural flow of heat. Similarly, water flows from high 

level to low level, current moves from high potential to low potential, etc. 

Here are some important points about the irreversible process: 

1) In the irreversible process the initial state of the system and surroundings cannot be 

restored from the final state. 

2) During the irreversible process the various states of the system on the path of 

change from initial state to final state are not in equilibrium with each other. 

3) During the irreversible process the entropy of the system increases decisively and it 

cannot be reduced back to its initial value. 

4) The phenomenon of a system undergoing irreversible process is called as 

irreversibility. 

Processes that are irreversible include: alllabexperiments.com 
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• Movement with friction 

• Unrestrained expansion 

• Energy transfer as heat due to large temperature non uniformities 

• Electric current flow through a non zero resistance 

• Spontaneous chemical reaction 

• Mixing of matter of different composition or state. 

Que10: State the first form (Kelvin-Planck statement) of 2nd Law of 

Thermodynamics. 

Ans: The second law of thermodynamics is a general principle which places constraints   

upon the direction of heat transfer and the attainable efficiencies of heat engines. In so 

doing, it goes beyond the limitations imposed by the first law of thermodynamics. It's 

implications may be visualized in terms of the waterfall analogy. 

                 

Second Law of Thermodynamics: It is impossible to extract an amount of heat QH from 

a hot reservoir and use it all to do work W . Some amount of heat QC must be 

exhausted to a cold reservoir. This precludes a perfect heat engine. 

This is sometimes called the "first form" of the second law, and is referred to as the 

Kelvin-Planck statement of the second law. 

 

Que 11: State the Clausius statement of 2nd Law of Thermodynamics. 

Ans:  Second Law in Clausius words: No process is possible whose sole result is the 

transfer of heat from a body of lower   temperature to a body of higher temperature. 
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Que 12 : State Carnot's theorem 

Ans: Aprinciple in thermodynamics: an engine working in a reversible cycle is at least 

as efficient as any other engine working between the same limits of temperature, the 

efficiency of such an engine being a function of the two limiting temperatures and not 

dependent on the mechanical design or the working substance of the engine. 

 

Que 13: Explain full carnot cycle and derive its efficiency. 

Ans: The Carnot cycle makes an engine. The p-V diagram below sketches the 

operation of a Carnot engine, where the “working fluid" that expands and contracts 

within the cylinder is an ideal gas. 

                  

• Here the high temperature TH and the low temperature TL are temperatures as 

measured on an ideal gas thermometer, that is 

                                              

• One cycle of the Carnot engine acts as follows: 
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•  Leg 1: Isothermal expansion at high temperature.  As the gas expands, it 

does work [W1]. To keep the same temperature, the gas must absorb heat [Q1] 

from its surroundings. 

 

• Leg 2: Adiabatic expansion. As the gas expands,  it does work [W2]. The 

expansion sends the temperature down. Because it's adiabatic, no heat is 

absorbed or ejected. 

 

• Leg 3: Isothermal compression at low temperature. As the gas contracts, 

work [W3] is done on the gas. To keep the same temperature, the gas must eject 

heat [Q2] into its surroundings. 

 

• Leg 4: Adiabatic compression. As the gas contracts, work [W4] is done on the 

gas. The compression sends the temperature up.  

 

 

•  
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This efficiency is independent of the details concerning volume and depends only on the 

two temperatures concerned. To get a high efficiency (always a good thing) one wants 

the highest possible TH and the lowest possible TL. 

 

Que 14: A heat engine takes in 900 J of heat from a high temperature reservoir 

and produces 300 J of work in each cycle. What is its efficiency?  

Ans: 
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Que 15: Calculate the entropy change in Free expansion and isothermal 

expansion of an ideal gas. 

Ans: The essential difference between the free expansion in an insulated enclosure and 

the reversible isothermal expansion of an ideal gas can also be captured clearly in 

terms of entropy changes. For a state change from initial volume and temperature V1, T1 

to final volume and (the same) temperature V2, T1 the entropy change is 

 

or, making use of the equation of state and the fact that dU = 0 for an isothermal 

process, 

 

This is the entropy change that occurs for the free expansion as well as for the 

isothermal reversible expansion processes —- entropy changes are state changes and 

the two system final and end states are the same for both processes. 

For the free expansion: 

         

There is no change in the entropy of the surroundings because there is no interaction 

between the system and the surroundings. The total entropy change is therefore 
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There are several points to note from this result: 

1.  so the process is not reversible. 

2.  ; the equality between  and  is only for a 

reversible process. 

3. There is a direct connection between the work needed to restore the system to 

the original state and the entropy change: 

 

For the reversible isothermal expansion: 

The entropy is a state variable so the entropy change of the system is the same as 

before. In this case, however, heat is transferred to the system from the surroundings 

(  ) so that 

 

The heat transferred from the surroundings, however, is equal to the heat received by 

the system:  

 

                        

The total change in entropy (system plus surroundings) is therefore 
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The reversible process has zero total change in entropy. 

Que 16:  Draw the Temperature- Entropy diagrams for Carnot’s cycle. 
 Ans: The Carnot cycle consists of the following four processes: 

• A reversible isothermal gas expansion process. In this process, the ideal gas in 

the system absorbs qin amount heat from a heat source at a high temperature Th, 

expands and does work on surroundings.  

• A reversible adiabatic gas expansion process. In this process, the system is 

thermally insulated. The gas continues to expand and do work on surroundings, 

which causes the system to cool to a lower temperature, Tl. 

• A reversible isothermal gas compression process. In this process, surroundings 

do work to the gas at Tl, and causes a loss of heat, qout.   

• A reversible adiabatic gas compression process. In this process, the system is 

thermally insulated. Surroundings continue to do work to the gas, which causes 

the temperature to rise back to Th 

The T-S diagram of the Carnot cycle is shown in Figure below. In isothermal processes 

I and III, ∆T=0. In adiabatic processes II and IV, ∆S=0 because dq=0. ∆T and ∆S of 

each process in the Carnot cycle are shown in Table given below. 
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Process 

 

ΔT ΔS 

I 

 

0 −nRln(V2/V1) 

II 

 

Tl−Th 0 

III 

 

0 −nRln(V4/V3) 

IV Th−Tl 0 
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Que 17: State third law of thermodynamics. 

Ans:  Theoretically: "It is impossible by any procedure, no matter how idealised, to 

reduce any system to absolute zero of temperature in a finite number of Operations." 

                                                 OR 

"Entropy change of a system approaches to zero as the temperature approaches to 

absolute zero." 

Mathematically: 
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