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Heat 

“Heat is the energy content that flows from hot to cold body.” 

TEMPERATURE 

“The degree of hotness of a body is defined as temperature.” 

OR 

we may also define temperature as, 

“When two bodies are brought in contact then temperature is the quantity that decides in which 

direction heat will flow.” 

SCALES OF TEMPERATURE 

To measure temperature quantitatively we require some scales to measure it 

1. Celsius (Centigrade) 

2. Fahrenheit Scale 

3. Kelvin Scale (Absolute Scale) 

RELATIONSHIP BETWEEN DIFFERENT SCALES 

In order to derive relationship between 

centigrade and Fahrenheit scales let the two 

thermometers be placed in a bath and the 

mercury in each thermometer rises to the same 

level as shown in figure 

𝑇𝐶

100
=

𝑇𝐹 − 32

180
 

𝑇𝐶

5
=

𝑇𝐹 − 32 

9
 

𝑇𝐶 =
5

9
(𝑇𝐹 − 32) 

We may write the above result as, 

1. 𝑇𝐶 =
5

9
(𝑇𝐹 − 32) 

2. 𝑇𝐾 = 𝑇𝐶 + 273 

THERMOMETRIC PROPERTIES: 

Those properties of a certain substance which are temperature dependent, which means those 

properties which changes uniformly with temperature are called as thermometric properties. 

E.g Thermal expansion, Electrical Resistance of metal, Change in e.m.f. 
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THERMAL EXPANSION 

The change in size of an object upon changing the temperature, this property is known as thermal 

expansion. 

This property varies from substance to substance. This happens when temperature is increased of a 

certain object the molecules in it vibrate with more energy against the action of intermolecular forced 

producing greater displacement. Since the average distances among the molecules increases, the size 

of solid increases. 

LINEAR EXPANSION 

Expansion in the length of solids on heating is called linear expansion. The observed expansion in 

length depends upon the original length and the change in temperature. 

Suppose L is the length of a uniform thin metallic rod at some initial temperature. When it is heated 

through a small temperature ∆𝑇, an increase of length ∆𝐿 takes place. So, we can put it as, 

∆𝐿 ∝ 𝐿 

∆𝐿 ∝ ∆𝑇 

therefore, 

∆𝐿 ∝ 𝐿∆𝑇 

∆𝐿 = 𝛼𝐿∆𝑇 

where 𝛼 is constant of proportionality, it depends upon the material of rod and called as “Co-efficient 

of Linear Expansion”. 

the above equation can be written as 

𝛼 =
∆𝐿

𝐿∆𝑇
 

from this formula we can say, co-efficient of linear expansion “𝛼” is the change in length per unit 

length per Kelvin rise in temperature. Its unit is 𝐾−1. 

From diagram, we can see that the new length is now 𝐿′ after heating the rod. 

or we may write  

∆𝐿 = 𝐿′ − 𝐿 

Now above equation becomes 

𝐿′ − 𝐿 = 𝛼𝐿∆𝑇 

𝐿′ = 𝐿 + 𝛼𝐿∆𝑇 

𝐿′ = 𝐿(1 + 𝛼∆𝑇) 

 

L’ 



 
 

Page 3 of 15 
 
 

From the desk of Masood Mehmood (M.Sc. Applied Physics) 

M. Affan Khan  (M.Sc. Physics) 

CO-EFFICIENT OF LINEAR EXPANSION FOR DIFFERENT MATERIALS 

S.No. Substance (𝐾−1) 

1.  Aluminum 2.4 × 10−5 

2.  Brass and Bronze 1.9 × 10−5 

3.  Copper 1.7 × 10−5 

4.  Glass (ordinary) 0.9 × 10−5 

5.  Glass (Pyrex) 0.32 × 10−5 

6.  Hard Rubber 8.0 × 10−5 

7.  Ice 5.1 × 10−5 

8.  Invar (Ni-Cr. alloy) 0.09 × 10−5 

9.  Lead 2.9 × 10−5 

10.  Steel 1.1 × 10−5 

11.  Concrete 1.2 × 10−5 

 

VOLUMETRIC EXPANSION 

Expansion in all three dimensions of solid in called Volumetric Expansion. That is when a material is 

subject to heat and undergoes through expansion in length, breadth and height then this expansion in 

referred as volumetric expansion. 

 

Consider a metallic body of volume V at some initial 

temperature T. Its volume changes by ∆𝑉 when 

temperature changes by ∆𝑇. It is found experimentally 

that 

∆𝑉 ∝ 𝑉∆𝑇 

or 

∆𝑉 = 𝛽𝑉∆𝑇 

 

where 𝛽 is constant of proportionality, varies from material to material and known as “Co-efficient of 

Volumetric Expansion”. Its unit is also 𝐾−1. It can be formulated with the help of above equation, 

𝛽 =
∆𝑉

𝑉∆𝑇
 

And can be defined as co-efficient of volumetric expansion is change of volume per unit volume per 

degree rise in Kelvin. 

From diagram, we can say that the new volume is now 𝑉′ upon heating. so that 

∆𝑉 = 𝑉′ − 𝑉 

Equation can be written as, 

V’ 

V 
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𝑉′ − 𝑉 = 𝛽𝑉∆𝑇 

𝑉′ = 𝑉 + 𝛽𝑉∆𝑇 

𝑉′ = 𝑉(1 + 𝛽∆𝑇) 

SHOW THAT 𝜷 = 𝟑𝜶 

Consider an object of some initial volume V, whose 

length is l, width is w and height is h, as shown in 

figure.  

Mathematically, 

 

𝑉 = 𝑙𝑤ℎ 

If we heat it to temperature difference of ∆𝑇, its new 

volume will become V’ and whose length will be now 

l’, width w’ and height h’. 

𝑉′ = 𝑙′𝑤′ℎ′ 

According to the definition of linear expansion with respect to length, width and height we may write 

the following relations, 

𝑙′ = 𝑙(1 + 𝛼∆𝑇) 

𝑤′ = 𝑤(1 + 𝛼∆𝑇) 

ℎ′ = ℎ(1 + 𝛼∆𝑇) 

and According to the definition of volumetric expansion we may write, 

𝑉′ = [𝑙(1 + 𝛼∆𝑇)] × [𝑤(1 + 𝛼∆𝑇)] × [ℎ(1 + 𝛼∆𝑇)] 

𝑉′ = 𝑙𝑤ℎ(1 + 𝛽∆𝑇)3 

Since 𝑉 = 𝑙𝑤ℎ, then 

𝑉′ = 𝑉[(1)3 + 3(1)2(𝛼∆𝑇) + 3(1)(𝛼∆𝑇)2 + (𝛼∆𝑇)3] 

𝑉′ = 𝑉[1 + 3𝛼∆𝑇 + 3(𝛼∆𝑇)2 + (𝛼∆𝑇)3] 

Since 𝛼 is very small, so we can neglect square and higher powers of 𝛼. 

𝑉′ = 𝑉[1 + 3𝛼∆𝑇] 

𝑉′ = 𝑉 + 3𝑉𝛼∆𝑇 

𝑉′ − 𝑉 = 3𝑉𝛼∆𝑇 

∆𝑉 = 3𝑉𝛼∆𝑇 
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∆𝑉

𝑉∆𝑇
= 3𝛼 

Since we already know that 
∆𝑉

𝑉∆𝑇
= 𝛽, 

Therefore, 

𝛽 = 3𝛼 

APPLICATIONS OF THERMAL EXPANSION 

BIMETALLIC STRIP: 

“A combination of two different metal strips having different coefficients of linear expansion, is 

called bimetallic strip.” 

When a bimetallic strip is heated then due to different coefficients of linear expansions bimetallic strip 

bends and on cooling it contracts and regains its original position and shape. 

THERMOSTAT: 

“A device which is used to maintain or regulate the temperature is called thermostat.” 

 

Construction: 

It consists of a bimetallic strip whose one end is fixed and 

connected with the one terminal of a battery and other 

end is touched with an adjusting screw in series with the 

device as shown in figure. 

 

WORKING: 

Bimetallic strips bend when the temperature exceed from 

the desired value i.e. is away from the adjusting screw and thus circuit breaks and the current stops. 

When the temperature of the surrounding decreases then its bends in opposite direction and once 

again current start to flow through the circuit. 

It can be used in many devices like heater, iron, oven etc 

BIMETALLIC THERMOMETER: 

“A thermometer consists of bimetallic strip and is used to measure 

temperature is called bimetallic thermometer.” 

CONSTRUCTION: 

Bimetallic strip thermometer consists of a bimetallic strip which is in a 

form of spiral coil. One end of the strip is fixed and the other end is free 
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having a pointer that can move on a graduated panel. The coiled bimetallic strip is placed in a plastic 

case. 

WORKING: 

Bimetallic thermometer is used in oven or in automobiles for temperature measurement. When the 

temperature is increased the bimetallic strip of the thermometer expands and due to this expansion 

pointer moves on the panel proportional to the temperature. 

LAWS OF GASES 

To explain and to understand the different behavior of gases, we define different parameters that are 

pressure, volume, temperature etc. The relations between these parameters are known as gas laws. 

BOYLE’S LAW 

It states that 

“For a given mass of a gas volume is always 

inversely proportional to the pressure of that 

gas if temperature kept constant.” 

𝑉 ∝
1

𝑃
 

𝑉 =
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑃
 

𝑃𝑉 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

At initial stage, 

𝑃1𝑉1 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

At final stage, 

𝑃2𝑉2 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

or we may write, 

𝑃1𝑉1 = 𝑃2𝑉2 

 

CHARLES’ LAW 

Statement 

“For a given mass of a gas Volume is directly 

proportional to its absolute temperature provided that 

pressure is constant” 

𝑉 ∝ 𝑇 
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𝑉 = (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)𝑇 

𝑉

𝑇
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

At initial conditions, 

𝑉1

𝑇1
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

at final conditions, 

𝑉2

𝑇2
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

or we may write 

𝑉1

𝑇1
=

𝑉2

𝑇2
 

The graph of volume of the gas against its temperature is a straight line. It shows that equal changes in 

temperature leads to equal changes in volume. It is found that at 00C the gas still possesses a volume 

V0. When the straight line of the graph is extrapolated to lower and lower temperature axis as shown 

by the dotted line, it intersects the temperature axis at a temperature of -2730C. This implies that if a 

gas could be cooled to -2730C, it would have no volume, -2730C is called as the absolute zero of the 

temperature. 

IDEAL GAS 

GENERAL GAS EQUATION 

On combining all gas laws, we can derive general gas law and by which we can write the General Gas 

Equation. 

We know that 

In 1st process, according to Boyle’s Law 

𝑃1𝑉1 = 𝑃2𝑉  

𝑉 =
𝑃1𝑉1

𝑃2
  

In 2nd process, according to Charles’ Law 

𝑉

𝑇1
=

𝑉2

𝑇2
 --------------------------- (2) 

Substituting value of ‘V’ from equation (1) to equation (2) 

𝑃1𝑉1/𝑃2

𝑇1
=

𝑉2

𝑇2
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𝑃1𝑉1

𝑃2𝑇1
=

𝑉2

𝑇2
 

𝑃1𝑉1

𝑇1
=

𝑃2𝑉2

𝑇2
 

Or we may say that 

𝑃𝑉

𝑇
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Here we have constant as R i.e. universal gas constant 

𝑃𝑉

𝑇
= 𝑅 

For ‘n’ no. of moles, we may write, 

𝑃𝑉

𝑇
= 𝑛𝑅 

𝑃𝑉 = 𝑛𝑅𝑇 

where 𝑅 = Universal Gas Constant whose value is 8.314 𝐽. 𝑚𝑜𝑙−1. 𝐾−1 

Since we know that 𝑛 = 𝑁/𝑁𝐴 , therefore the above equation can be written as 

𝑃𝑉 =
𝑁

𝑁𝐴
𝑅𝑇 

𝑃𝑉 = 𝑁 (
𝑅

𝑁𝐴
) 𝑇 

 For these constants, we may write 𝑘 =
𝑅

𝑁𝐴
 i.e. Boltzmann constant, its value is 1.38 × 10−23𝐽/𝐾 

𝑃𝑉 = 𝑁𝑘𝑇 

Or, 

𝑃 =
𝑁

𝑉
𝑘𝑇 

Here, 
𝑁

𝑉
= 𝑛𝑉 i.e. particle density (No. of particles in unit volume) 

𝑃 = 𝑛𝑉𝑘𝑇 

Kinetic Molecular Theory of Gases 

KINETIC MOLECULAR THEORY COMPRISES OF FOLLOWING 

ASSUMPTIONS: 

1. A gas consists of particles called molecules. Depending on the gas each molecule will consist of 

an atom or a group of atoms. All the molecules of a gas in a stable state are considered identical. 



 
 

Page 9 of 15 
 
 

From the desk of Masood Mehmood (M.Sc. Applied Physics) 

M. Affan Khan  (M.Sc. Physics) 

2. Any finite volume of a gas consists of very large number of these molecules. This assumption is 

justified by experiments. At standard conditions, there are 3 × 1025 molecules in a cubic metre. 

3. The molecules are separated by distance large as compared to their own dimensions. The diameter 

of a molecule, considered as a sphere, is about 3 × 10−10 𝑚. 

4. The molecules move in all directions and with various speeds making elastic collisions with one 

another and with the walls of the container. The walls of a container can be considered perfectly 

smooth. 

5. Molecules exert no forces on one another except during collisions. Therefore in between 

collisions with other molecules or with the walls of the container, and in the absence of the 

external forces, they move freely in straight lines. 

6. Newtonian mechanics is applicable to the motion of molecules. 

PRESSURE OF AN IDEAL GAS (DERIVATION OF 𝐏 =
𝟏

𝟑
𝛒𝐯𝟐̅̅ ̅) 

Consider a cubical container with perfectly elastic walls and of side length ‘L’ enclosing ‘N’ 

molecules of an ideal gas. The mass of each molecule is ‘m’.  

Consider a molecule which is moving in random direction with 

velocity v. This velocity can be resolved into components vx, vy, vz 

in the direction of edges.  
 

Change in Momentum of the Molecule in X-Direction  

Let the molecule moves from face A to face B of the container. 

After collision with face B it rebounds such that x–component of 

the velocity vx is reversed and the components vy and vz remain 

unchanged. 

Momentum of the molecule before collision  = m vx 

Momentum of the molecule after collision  = m (- vx ) 

  = - m vx  

∴ Change in momentum = ∆𝑝𝑥 = (−𝑚𝑣𝑥) − 𝑚𝑣𝑥  

 ∆𝑝𝑥 = −𝑚𝑣𝑥 − 𝑚𝑣𝑥  

 ∆px = −2mvx 

The change in momentum due the force exerted by the molecule will be opposite to that of the wall of 

container i.e. 

 ∆px = −(−2mvx) 

 ∆𝑝𝑥 = 2𝑚𝑣𝑥 − − − −(𝑖) 

Time Interval b/w Two Collisions 

Let the molecule moves from face A to face B and bounces back from face B to face A without 

having collision with any other molecule. 

Time taken to round trip, t = t 

Distance covered. S = 2L 

Velocity, v = vx  
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Since 

 S = vt 

  2L = vx∆t 

 ∆t =
2L

vx
− − − −(ii) 

Total Force Exerted by N Molecules in X-Direction 

According to Newton’s second law of motion, during collision the force exerted by a molecule on 

face B of the container is given by 

Fx1 =
∆px1

∆t
 

From Eq. (i) and (ii) 

              𝐹𝑥1 =
2𝑚𝑣𝑥1
2𝐿

𝑣𝑥1⁄
 

                          𝐹𝑥1 = 2𝑚𝑣𝑥1 ×
𝑣𝑥1

2𝐿
 

 𝐹𝑥1 =
𝑚𝑣𝑥1

2

𝐿
 

The total fore exerted by N molecules on face B in X-direction will be 

𝐹𝑥 = 𝐹𝑥1 + 𝐹𝑥2 + … … + 𝐹𝑥𝑁 

                                                      𝐹𝑥 =
𝑚𝑣𝑥1

2

𝐿
+

𝑚𝑣𝑥2
2

𝐿
+  … … +

𝑚𝑣𝑥𝑁
2

𝐿
 

                                                      𝐹𝑥 =
𝑚

𝐿
(𝑣𝑥1

2 + 𝑣𝑥2
2 +  … … + 𝑣𝑥𝑁

2 ) − −(𝑖𝑖𝑖) 

Pressure of Gas 

Pressure in X-direction is given as 

                                                     𝑃 =
𝐹𝑥

𝐴
 

From Eq. (iv) 

                                                     𝑃 =
𝑚

𝐿
(𝑣𝑥1

2 +𝑣𝑥2
2 + ……+𝑣𝑥𝑁

2 )

𝐴
 

                                                     𝑃 =
𝑚

𝐿𝐴
(𝑣𝑥1

2 + 𝑣𝑥2
2 + … … + 𝑣𝑥𝑁

2 ) 

As V = LA, therefore 

                                                    𝑃 =
𝑚

𝑉
(𝑣𝑥1

2 + 𝑣𝑥2
2 +  … … + 𝑣𝑥𝑁

2 ) − −(𝑖𝑣) 

The density of gas is defined as 

     𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀𝑎𝑠𝑠

𝑉𝑜𝑙𝑢𝑚𝑒
 

        𝜌 =
𝑁𝑚

𝑉
 

                                                  
𝜌

𝑁
 =

𝑚

𝑉
 

Put in Eq. (v) 

                                                  𝑃 =
𝜌

𝑁
(𝑣𝑥1

2 + 𝑣𝑥2
2 + … … + 𝑣𝑥𝑁

2 ) 

                                                 𝑃 = 𝜌 (
 𝑣𝑥1

2 +𝑣𝑥2
2 + ……+𝑣𝑥𝑁

2

𝑁
) 

Here 

  𝑣𝑥
2̅̅ ̅̅ =

 𝑣𝑥1
2 +𝑣𝑥2

2 + ……+𝑣𝑥𝑁
2

𝑁
 ; 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑞𝑎𝑟𝑒 𝑆𝑝𝑒𝑒𝑑 
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Therefore 

                                              𝑃 = 𝜌 𝑣𝑥
2̅̅ ̅̅ − − − −(𝑣) 

Since the magnitude of velocity of the molecule is given by 

                                            𝐯𝟐 = 𝐯𝐱
𝟐 + 𝐯𝐲

𝟐 + 𝐯𝐳
𝟐 

On taking average 

                                            𝐯𝟐̅̅ ̅ = 𝐯𝐱
𝟐̅̅ ̅ + 𝐯𝐲

𝟐̅̅ ̅ + 𝐯𝐳
𝟐̅̅ ̅ 

Due to the randomness of the molecular motion, the three components of average velocity are 

equal to each other in magnitude i.e. 𝐯𝐱
𝟐̅̅ ̅ = 𝐯𝐲

𝟐̅̅ ̅ = 𝐯𝐳
𝟐̅̅ ̅ . Therefore 

                                            𝐯𝟐̅̅ ̅ = 𝐯𝐱
𝟐̅̅ ̅ + 𝐯𝐱

𝟐̅̅ ̅ + 𝐯𝐱
𝟐̅̅ ̅ 

                                            𝐯𝟐̅̅ ̅ = 𝟑𝐯𝐱
𝟐̅̅ ̅ 

                                            𝐯𝐱
𝟐̅̅ ̅ =

𝐯𝟐̅̅̅̅

𝟑
 

Put in Eq. (v) 

                                                   𝑷 = 𝝆
𝐯𝟐̅̅̅̅

𝟑
 

                                            𝑷 =
𝟏

𝟑
𝝆𝐯𝟐̅̅ ̅ 

This is the equation of pressure of an ideal gas. 

Conclusion 

This equation shows that pressure of a gas depends upon two factors. 

i. Pressure is directly proportional to density of gas. 

ii. Pressure is directly proportional to average square velocity of the molecules of gas. 

 

HEAT CAPACITY 

Definition 

The amount of heat required to raise the temperature of a substance through one Kelvin, is called heat 

capacity of the substance. 

Formula 

The amount of heat absorbed (Q) by a substance is directly proportional the temperature change 

(T) of the substance i.e. 

Q  T 

 Q = C T 

 Or 

 C = 
∆𝑄

∆𝑇
 

Where C is the constant of proportionality, and is called heat capacity of the substance. 

Unit 

The SI unit of heat capacity is JK-1. 
 

SPECIFIC HEAT CAPACITY 

Definition 

The amount of heat required to raise the temperature of unit mass of a substance through one Kelvin, 

is called specific heat of the substance. 

Formula 

For a given mass of a substance the amount of heat absorbed (Q) by the substance is directly 

proportional the temperature change (T) i.e. 
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Q  T 

For a particular temperature change the amount of heat absorbed (Q) by a substance is directly 

proportional to its mass (m) i.e. 

Q  m 

On combining the two relations 

 Q  mT 

 Q = c mT 

 Or 

  𝑐 = 
∆𝑄

𝑚∆𝑇
 

Where c is the constant of proportionality, and is called specific heat capacity of the substance. Its 

value depends only upon the nature of material of the substance. 

Unit 

The SI unit of specific heat is J/kg K. 
 

Relation between Heat Capacity and Specific Heat 

Specific heat is given by 

  𝑐 = 
∆𝑄

𝑚∆𝑇
 

  𝑐 = 
1

𝑚
 
∆𝑄

∆𝑇
 

 

And heat capacity is defined as 

 C = 
∆𝑄

∆𝑇
 

Therefore 

  𝑐 = 𝐶/𝑚  

Hence specific heat of a substance is the heat capacity per unit mass of the substance. 
 

LAW OF HEAT EXCHANGE 

Statement 

In an isolated system, the heat lost by hot bodies is equal to the heat gained by cold bodies. 

Mathematically 

Qlost = Qgained 
 

DETERMINATION OF THE SPECIFIC HEAT CAPACITY BY MIXTURE METHOD 

Basic Principle 

The mixture method is based on law of heat exchange. 

Method 

The specific heat of the substance of known mass and temperature is determined by mixing it with 

liquid of known mass and temperature in a calorimeter of known mass and temperature. Heat 

exchange takes place according to law of heat exchange and the final temperature of the mixture is 

measured.  

Using this data the specific heat capacity can be calculated. 

Formula 

As 

Heat lost by hot substance = Heat gained by liquid + Heat gained by calorimeter 

  ms cs Ts = ml cl Tl + mc cc Tc 

  cs = 
𝑚𝑙𝑐𝑙 ∆𝑇𝑙 + 𝑚𝑐 𝑐𝑐 ∆𝑇𝑐

𝑚𝑠 ∆𝑇𝑠
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MOLAR SPECIFIC HEAT CAPACITY 

Definition 

The amount of heat required to raise the temperature of one mole of a substance through one Kelvin, 

is called specific heat of the substance. 

Formula 

By the definition of specific heat capacity, 

  𝑐 = 
∆𝑄

𝑚∆𝑇
 

But m = n M. Put the value of m in the above equation  

  𝑐 = 
∆𝑄

𝑛𝑀∆𝑇
 

  𝑀𝑐 = 
∆𝑄

𝑛∆𝑇
 

The product of molecular weight and specific heat is called molar specific heat; it is also denoted by c, 

thus 

  𝑐 = 
∆𝑄

𝑛∆𝑇
 

 Or 

 Q = c nT 

Unit 

The SI unit of molar specific heat is J/mol K. 
 

MOLAR SPECIFIC HEAT OF GASES 

Gases may be heated under two conditions: 

i. at constant volume 

ii. at constant pressure 

In both cases heat energy required to rise its temperature through same temperature is different, 

therefore gases have two specific heats: 

1. Molar specific heat of gas at constant volume (cv) 

2. Molar specific heat of gas at constant pressure (cp) 
 

MOLAR SPECIFIC HEAT AT CONSTANT VOLUME (CV) 

Definition 

At constant volume, the amount of heat required to raise the temperature of one mole of a gas through 

one Kelvin, is called specific heat of the substance. 

Formula 

𝑐𝑉 = 
∆𝑄𝑉

𝑛∆𝑇
  Or QV = cV nT 

 

MOLAR SPECIFIC HEAT AT CONSTANT PRESSURE (CP) 

Definition 

At constant pressure, the amount of heat required to raise the temperature of one mole of a gas 

through one Kelvin, is called specific heat of the substance. 

Formula 

𝑐𝑃 = 
∆𝑄𝑃

𝑛∆𝑇
  Or QP = cP nT 

 

SPECIFIC LATENT HEAT OF FUSION 

Definition 

The amount of heat required to convert one kilogram of a solid into liquid at melting point is called 

latent heat of fusion. 
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Formula 

Q = m Lf  Or  𝐿𝑓 =
∆𝑄

𝑚
 

Where Lf is the latent heat of fusion. 

Unit 

The SI unit of latent heat of fusion is J/kg. 
 

SPECIFIC LATENT HEAT OF EVAPORATION 

Definition 

The amount of heat required to convert one kilogram of a liquid into vapours at boiling point is called 

latent heat of vaporization. 

Formula 

Q = m LV  Or  𝐿𝑉 =
∆𝑄

𝑚
 

Where LV is the latent heat of vaporization. 

Unit 

The SI unit of latent heat of vaporization is J/kg. 
 

 

THERMODYNAMICS 

Thermodynamics is the branch of physics which deals with the study of laws governing and the 

methods employed for the transformation of heat energy into mechanical energy. 
 

THE FIRST LAW OF THERMODYNAMICS 
Introduction 

It is a form of law of conservation of energy which concerns only with heat energy and mechanical 

energy. 

Statement 

The change in internal energy of a system in any thermodynamic process is equals to net heat flow in 

to the system minus the total work done by the system. 

Explanation 

The first law of thermodynamics introduces a useful thermodynamic quantity called internal energy. It 

is a characteristic property of a system and is defined as 

“All types of energies present within a system are collectively named as the internal energy.” 

It is denoted by ‘U’. 

The absolute value of internal energy cannot be determined; however its change can 

be calculated. 

The internal energy of an ideal gas depends only on its temperature (i.e. K.E of 

molecules). 

Now consider an ideal gas enclosed in a cylinder having insulated walls, conducting 

base and fitted with an insulated, movable, and frictionless piston. 

When “ΔQ” amount of heat energy is supplied to the gas, its internal energy 

increases by “ΔU” and “ΔW” amount of work is done on the piston by the gas.  

Then according to the first law of thermodynamics the supplied heat ΔQ will be converted into ΔU 

and ΔW in such a way that the total amount of heat energy remains same i.e. 

 ΔQ = ΔU+ΔW 

Or     ΔU = ΔQ - ΔW 

This is the standard form of the first law of thermodynamics. 
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APPLICATIONS OF THE FIRST LAW OF THERMODYNAMICS 
 

(1) ISOBARIC PROCESS 

A thermodynamic process in which pressure of a system remains constant is known as isobaric 

process. 

Application of the First Law of Thermodynamics to Isobaric Process 

Consider an ideal gas enclosed in a cylinder 

having insulated walls, conducting base and 

fitted with an insulated, movable, and 

frictionless piston. 
 

When “ΔQ” amount of heat energy is supplied 

to the system at constant pressure: 

• Due to increase in temperature, the internal 

energy of the system increases. Let the 

increase in the internal energy is “ΔU”. 

• The gas expands and “ΔW“ amount of work is done by the gas on the piston. 

According to the first law of thermodynamics 

ΔQ = ΔU+ΔW ----------(i) 

Now we find thermodynamic work in isobaric 

process. 

Let “A” is the area of cross-section of the piston and during expansion of the gas the piston moves up 

through a displacement “Δy”. The work done by the gas on the piston is given by 

ΔW = F Δy 

Since 

P = 
A

F

  
 F = PA 

Therefore 

ΔW = PA Δy 

As 

Increase in volume of the gas,  ΔV = A Δy  

Therefore 

ΔW = P ΔV --------(ii) 

Put the value of “ΔW” in Eq. (i) 

ΔQ = ΔU + P ΔV 

Or 

Q = ΔU + n R ΔT   ΔT Rn ΔV P   
 

Conclusion 

The above equation shows that in an isobaric process a part of 

the supplied heat energy is utilized in increasing the internal 

energy of the system and the remaining part of the heat energy is 

transformed into work done. 

Graph 

The graph between volume and pressure for isobaric process is a 

straight-line parallel to volume-axis and is called isobar. 
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(2) ISOCHORIC PROCESS 

A thermodynamic process in which volume of a system remains constant is known as isochoric 

process. 

Application of the First Law of Thermodynamics to Isochoric Process 

Consider an ideal gas enclosed in a cylinder 

having insulated walls, conducting base and fitted 

with an insulated and fixed piston. 
 

When “ΔQ” amount of heat energy is supplied to 

the system at constant volume: 

• Due to increase in temperature, the internal 

energy of the system increases. Let the increase 

in the internal energy is “ΔU”. 

• As the volume is fixed so no work is done by the gas on the piston i.e. 

ΔW = 0 ----------(i) 

According to the first law of thermodynamics 

ΔQ = ΔU+ΔW 

Put the value of ΔW from Eq. (i) 

ΔQ = ΔU+ 0 

ΔQ = ΔU 

Conclusion 

The above equation shows that in an isochoric process all the 

supplied heat energy is converted into internal energy of the 

system. 

As compared to any other process, in an isochoric process 

the change in internal energy of the system is maximum. 

Graph 

The graph between volume and pressure for isochoric 

process is a straight-line parallel to pressure-axis and is 

called ischor. 
 

(3) ISOTHERMAL PROCESS 

A thermodynamic process in which temperature of a system remains constant is known as isothermal 

process. 

Application of the First Law of Thermodynamics to Isothermal Process 

Consider an ideal gas enclosed in a cylinder 

having insulated walls, conducting base and fitted 

with an insulated, movable and frictionless piston. 
 

When the pressure on the piston is decreased 

slowly from P1 to P2, the gas expands by pushing 

the piston upward. Let “ΔW” work is done by the 

gas on the piston during expansion. 

Due to this expansion, the temperature of the gas 

tends to fall but “ΔQ” amount of heat energy is 

supplied to the cylinder which keeps the 

temperature constant. 

As the temperature of the system remains same so the internal energy of the system also remains 

same, hence 



 
 

Page 17 of 15 
 
 

From the desk of Masood Mehmood (M.Sc. Applied Physics) 

M. Affan Khan  (M.Sc. Physics) 

ΔU = 0------(i) 

According to the first law of thermodynamics 

ΔQ = ΔU+ΔW 

Put the value of ΔU from Eq. (i) 

ΔQ= 0 + ΔW 

ΔQ= ΔW 

Conclusion 

The above equation shows that in an isothermal process all the 

supplied heat energy is converted into work done (mechanical 

energy). 

As compared to any other process, maximum work done is 

obtained in isothermal process. 

Graph 

The graph between volume and pressure for isothermal process is a “hyperbolic curve” and is called 

isotherm. 
 

(4) ADIABATIC PROCESS 

A thermodynamic process in which no heat flows into or out of a system is known as adiabatic 

process. 

Application of the First Law of Thermodynamics to Adiabatic Process 

Consider an ideal gas enclosed in a 

cylinder having insulated walls and 

base, and fitted with an insulated, 

movable and frictionless piston. 
 

As no heat flows into or out of the 

system therefore 

ΔQ = 0 ----------(i) 

When the pressure on the piston is decreased rapidly, the gas expands and its volume increases. Let 

the work done by the gas on the piston is ΔW. 

Due to expansion the temperature falls, and the internal energy of the system decreases by an amount 

ΔU.  

According to the first law of thermodynamics 

ΔQ = ΔU+ΔW 

Put the value of ΔQ from Eq. (i) 

        0 = ΔU +  ΔW 

 ΔW = -ΔU 
 

Conclusion 

The above equation shows that in an adiabatic process the 

decrease in internal energy of the system converts into work 

done. 

Graph 

The graph between volume and pressure for adiabatic process is 

a curve but steeper than the isotherm and is called adiabat. 
 

DERIVATION OF CP - CV = R 

Consider two isotherms of an ideal gas at temperature T and 

T+T, as shown in the figure. 
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To raise the temperature of the gas by T we can follow two 

paths  

i. Constant pressure path a→b 

ii. Constant volume path a→c 
 

Internal Energy Change in Isobaric Process (Path a→b) 

Heat absorbed by the gas at constant pressure is given by  

ΔQ = ncPT 

Where CP is the molar specific heat capacity of the gas at 

constant pressure.  

Work done by the gas at constant pressure is given by 

ΔW = PV 

According to the 1st law of thermodynamics 

  ΔQ = U + ΔW 

  ΔU = Q - ΔW 

Put the values of ΔQ and ΔW 

  ΔU = ncPT - PΔV 

  ΔU = ncPT – nRΔT                    ΔT Rn ΔV P   

  ΔU = nT (cP –R) ----------(i) 

Internal Energy Change in Isochoric Process (Path a→c) 

Heat absorbed by the gas at constant volume is given by  

ΔQ = ncVT 

Where CV is the molar specific heat capacity of the gas at constant volume. 

As the volume is constant so 

ΔW = 0 

According to the 1st law of thermodynamics 

  ΔQ = U + ΔW 

  ΔU = Q - ΔW 

Put the values of ΔQ and ΔW 

  ΔU = ncVT - 0 

  ΔU = ncVT ----------(i) 

Difference b/w cP and cV 

As the temperature change in both the cases is same so the internal energy change (U) will also be 

the same. Comparing Eq.(i) and (ii) 

  nT (cP –R) = nCVT 

   cP –R = cV 

  cP – cV = R 

OR           cP > cV 

 

VALUES OF CP AND CV FOR DIFFERENT GASES 

Nature of Gas Values of cP Values of cV Ratio of cP to cV 

Monatomic Gas 𝐶𝑃 =
5

2
𝑅 = 20.8𝐽/𝑚𝑜𝑙 𝐾 𝐶𝑉 =

3

2
𝑅 = 12.47𝐽/𝑚𝑜𝑙 𝐾 𝛾 =

5

3
 

Diatomic Gas 𝐶𝑃 =
7

2
𝑅 = 29.1𝐽/𝑚𝑜𝑙 𝐾 𝐶𝑉 =

5

2
𝑅 = 20.8𝐽/𝑚𝑜𝑙 𝐾 𝛾 =

7

5
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Polyatomic Gas 𝐶𝑃 = 4𝑅 = 33.3𝐽/𝑚𝑜𝑙 𝐾 𝐶𝑉 = 3𝑅 = 24.9𝐽/𝑚𝑜𝑙 𝐾 𝛾 =
4

3
 

 

HEAT ENGINE 

A heat engine is a device that converts heat energy into mechanical energy. 
 

Essential Parts of a Heat Engine 

A heat engine consists of:  

i. Source or Hot Body 

ii. Sink or Cold Body 

iii. Working Substance 

REFRIGERATOR 

A refrigerator is a device in which heat is transferred from cold body to hot body with the expenditure 

of energy. It is a heat engine operating in reverse. 

Schematic Diagrams of Heat Engine and Refrigerator 

 

 

 

THE SECOND LAW OF THERMODYNAMICS 

Introduction 

It is a form of law of conservation of energy which concerns only with heat energy and mechanical 

energy. 

Lord Kelvin and Rudolf Clausius stated the second law of thermodynamics around 1850. 
 

KELVIN’S STATEMENT (ENGINE STATEMENT) 

It is impossible to construct a heat engine which works in a complete cycle and converts all the heat 

taken from the source into the useful equivalent work without rejecting a part of it to the sink. OR 
 

It is impossible to derive a continuous supply of work by cooling a body to a temperature lower than 

that of the coldest of its surrounding. 
 

This engine statement points out that no cyclic process can convert heat completely into work i.e. it is 

impossible to device an engine which is 100% efficient. 
 

CALUSIUS’ STATEMENT (REFRIGERATOR STATEMENT) 

It is impossible to cause heat to flow from a cold body (sink) to a hot body (source) without any 

expenditure of work. 
 

This refrigerator statement points out that no cyclic process transfers heat from sink to source without 

taking energy from the surrounding. 
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EQUIVALENCE OF KELVIN’S AND CLAUSIUS’ STATEMENTS 

• Suppose Kelvin’s statement is false and we can construct a 

heat engine without sink.  

• When this perfect heat engine is connected to an ordinary 

refrigerator the output work of the engine can be used to 

operate the refrigerator. 

• Now the refrigerator can transfer heat from sink to source 

without taking energy from the surrounding, this violates 

Calusius’ statement. 

• Hence, the falsity of Kelvin’s law proves the falsity of 

Clausius’ law, thus the truth of one proves the truth of other 

and the two statements are equivalent. 

 

CARNOT ENGINE 

Introduction 

Carnot Engine is an ideal and simple heat engine presented by a French Engineer, Sadi Carnot. It is 

free from all mechanical losses such as frictional losses, and has maximum efficiency which can 

never be achieved by any real heat engine. 

Construction 

A Carnot engine consists of 

i. A cylinder with insulated walls and conducting base fitted with an insulated movable frictionless 

piston. 

ii. A working substance (usually a gas) filled in the cylinder. 

iii. A hot body (source) at temperature T1 

iv. A cold body (sink) at temperature T2 

v. An insulating platform 

Working (Carnot Cycle) 

Carnot engine works in cycle. In one cycle of Carnot engine, the working substance undergoes the 

following four operations: 

i. Isothermal Expansion 

ii. Adiabatic Expansion 

iii. Isothermal Compression 

iv. Adiabatic Compression 
 

The PV diagram shows one complete 

Carnot cycle. 

Explanation 

Suppose that initially the engine is at a state 

where external pressure on the piston is P1, 

volume of the gas is V1, and temperature of 

the gas is T1. This state is shown by point A 

in the PV diagram. 

i. Isothermal Expansion 

In this process the gas expands 

isothermally at temperature T1, 

absorbing heat Q1 from the source. In 
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the PV diagram this isothermal 

expansion is shown by the isotherm AB. 

ii. Adiabatic Expansion 

In this process the gas expands 

adiabatically until its temperature drops 

to T2.In the PV diagram this is shown by 

the adiabat BC. 

iii. Isothermal Compression 

In this process the gas compresses 

isothermally at temperature T2, rejecting 

heat Q2 to the sink. In the PV diagram this is 

shown by the isotherm CD. 

iv. Adiabatic Compression 

In this process the gas compresses adiabatically until its temperature rises to T1.In the PV diagram this 

adiabatic compression is shown by the adiabat DA. 
 

Work Done Per Cycle 

In one cycle, the engine absorbs Q1 amount of heat from the source and rejects Q2amount of heat to 

the sink. If W is the work done by the engine in one cycle, according to Kelvin’s statement 

1Q  = WQ 2  

W  = 
21 QQ   

Efficiency 

Efficiency = 
Input

Output
 

For heat engine 

Efficiency = 
absorbedHaet 

obtainedWork 
 

  = 
1Q

W
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Since there is a direct proportion between the heat and the absolute temperature, therefore 
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Now Eq. (i) can be written as
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Limitation to Efficiency 

Efficiency of Carnot engine is given by 

%  =  001  1
1

2 
T

T
 

Since
 

T2< T1  or 1
1

2 
T

T
 

Therefore the term 

1

21
T

T
 must be less than 1, which implies that 

%  = %100      001  1
1

2 
T

T
 

Thus Carnot engine is the most efficient engine but its efficiency can never be equal to 100%.  
 

Entropy 

The measure of the disorder of molecules of a system is termed as its entropy. OR 

Entropy is the property of a thermodynamic system which remains constant in adiabatic process. 

It is denoted by ‘S’. 
 

Mathematical Form 

If ‘ΔQ’ is the heat transferred to or rejected from a system at a constant absolute temperature ‘T’, then 

the change in entropy i.e. change in the disorder of the molecules is given by 

ΔS = 
T

Q
 

Unit 

The SI unit of entropy is J/K. 
 

The Second Law of Thermodynamics and Entropy 

The entropy of a system is found to be always increasing. Once, the disorder of the molecules 

changes, it cannot be retained anyhow. 

In terms of the second law of thermodynamics, entropy can also be defined as: 

“When an isolated system undergoes a change the entropy of the system either remains constant or it 

increases.” 

 

In a cyclic process (like Carnot cycle) the entropy of a system remains constant and the entropy 

change for a complete cycle is zero i.e. ΔS = 0. 


