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Heat and internal energy
The caloric theory is an obsolete scientific theory that heat consists of a 
self-repellent fluid called caloric that flows from hotter bodies to colder 
bodies. 

Nowadays, in thermodynamics, 
Heat is defined as a process of transferring energy across the boundary 
of a system because of a temperature difference between the system and 
its surroundings. It is also the amount of energy Q transferred by this 
process.  

Internal energy is all the energy of a  
system that is associated with its microscopic  
components —atoms and molecules—when  
viewed from a reference frame at rest with respect  
to the center of mass of the system.
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The Mechanical Equivalent of Heat

Joule's experiment



N. Srimanobhas; The first law of thermodynamics 4

Specific heat
The heat capacity  of a particular sample is defined as the amount of 
energy needed to raise the temperature of that sample by 1°C. 

 

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

C

C ≡
Q

ΔT
c

c ≡
Q

mΔT

Note: 
The heat capacity of most 
systems is not constant  
(though it can often be treated as 
such). It depends on the 
temperature, pressure, and 
volume of the system under 
consideration.
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Example
A 0.05 kg ingot of metal is heated to 200.0°C and then dropped into 
a calorimeter containing 0.400 kg of water initially at 20.0°C. The final 
equilibrium temperature of the mixed system is 22.4°C. Find the 
specific heat of the metal.
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Notes:
Molar specific heat
In the gas system, we normally use the number of mole instead of the 
mass of gas. We then define the "molar specific heat" in the same way as 
the specific heat. 

 

Heat and change of internal energy when the volume is constant
We can identify  (or ) as the change in internal energy of 
the system if we ignore any thermal expansion or contraction of the 
system =>  
We will discuss more on this later.

c ≡
Q

mΔT
→ cmol ≡

Q
nΔT

mcΔT ncmolΔT

ΔEint = Q
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Latent Heat
Latent heat (also known as latent energy or heat of transformation) is 
energy released or absorbed, by a body or a thermodynamic system, 
during a constant-temperature process — usually a phase transition.
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Latent Heat

Q = mL
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Example
What is the required energy to convert a system consisting of a  
1.00-g cube of ice at 30.0°C to steam at 120.0°C?
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Work and Heat in Thermodynamic Processes
Consider the state of the system: Pi, Vi, Ti → Pf, Vf, Tf

Consider quasi-static situation. What is it?

"A state of a system can be specified only if 
the system is in thermal equilibrium 
internally. In the case of a gas in a container, 
internal thermal equilibrium requires that 
every part of the gas be at the same 
pressure and temperature." 
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Consider Pi, Vi → Pf, Vf

dW =

Compressing
•  is 
• Work done on a gas: 
• Work done by a gas: 

Expanding
•  is 
• Work done on a gas: 
• Work done by a gas:

dV

dV

Work and Heat in Thermodynamic Processes
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W = − ∫
Vf

Vi

PdV Work done on a 
gas (on a system)

Work and Heat in Thermodynamic Processes



N. Srimanobhas; The first law of thermodynamics 13

For the process of compressing a gas in a cylinder, the work done 
depends on the particular path taken between the initial and final 
states.

Work and Heat in Thermodynamic Processes
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The energy transfer Q into or out of a system by heat also depends 
on the process.

Work and Heat in Thermodynamic Processes
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The First Law of Thermodynamics
The first law of thermodynamics is a special case of the law of 
conservation of energy that describes processes in which only the 
internal energy changes and the only energy transfers are by heat 
and work  

 

 is the energy transfer to a system (to a gas) 
• Consider + when 
• Consider - when 

 is the work done to a system (to a gas) 
• Consider + when 
• Consider - when 

  is the change of the internal energy of the system. It depends 
only on the temperature of the system.

ΔEint = Q + W

Q

W

ΔEint
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The First Law of Thermodynamics
1

2
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Molar specific heat at constant volume / pressure
Case: constant volume

Case: constant pressure
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Processes in Thermodynamics

Isochoric/Isovolumetric

Isobaric

Isothermal

Adiaba<c

Free	expansion

Cyclic
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Isochoric/Isovolumetric (constant volume)
An isochoric process is a term used to describe 
a situation where the volume of a system remains 
constant. 

 

From the first law we see that  

dWon gas = − PdV = 0

ΔEint = Q

If energy is added by heat to a system kept at 
constant volume, all the transferred energy 
remains in the system as an increase in its 
internal energy.
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Isobaric (constant pressure)
An isobaric process could be established by 
allowing the piston to move freely so that it is 
always in equilibrium between the net force from 
the gas pushing upward and the weight of the 
piston plus the force due to atmospheric 
pressure pushing downward.  

 

Case: 
 :  

 : 

Won gas = − ∫
Vf

Vi

PdV = − P(Vf − Vi)

Vf > Vi → Won gas < 0

Vf < Vi → Won gas > 0VfVi

i f
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Example
An ideal gas initially at 300 K undergoes an isobaric expansion at 
2.50 kPa. If the volume increases from 1.00 m3 to 3.00 m3 and  
12.5 kJ is transferred to the gas by heat. Find  
(a) the change in its internal energy, 
(b) its final temperature. 
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Example In Figure, the change in internal energy of a gas that is 
taken from A to C along the blue path is 1800 J. The 
work done on the gas along the red path ABC is 2500 J. 
(a) How much energy must be added to the system by 
heat as it goes from A through B to C?  

(b) If the pressure at point A is five times that of point C, 
what is the work done on the system in going from C to 
D?  

(c) What is the energy exchanged with the surroundings 
by heat as the gas goes from C to A along the green 
path?  

(d) If the change in internal energy in going from point D 
to point A is 1500 J, how much energy must be added to 
the system by heat as it goes from point C to point D? 
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A process that occurs at constant temperature. 
This process can be established by immersing 
the cylinder in an ice–water bath or by putting 
the cylinder in contact with some other 
constant-temperature reservoir.  

 

From the first law we see that  

 

ปริมาณความร้อนที่ออกสู่สิ่งแวดล้อมเท่ากับงานที่
ทำให้กับระบบ (งานที่ทำให้กับแก๊ส)

ΔEint = 0

Q = − W

Isothermal
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Isothermal Expansion of an Ideal gas
Start from ideal gas law 

 

Therefore, 

 

P =
NkBT

V

Won gas = − ∫
Vf

Vi

PdV

And since the temperature is constant, we will get
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Example
One mole of an ideal gas does 3000 J of work on its surroundings as 
it expands isothermally to a final pressure of 1.00 atm and volume of 
25.0 L. Determine  
(a) the initial volume and  
(b) the temperature of the gas.
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Adiabatic
An adiabatic process is a type of thermodynamic process which 
occurs without transferring heat between the system and 
its surroundings. Unlike an isothermal process, an adiabatic process 
transfers energy to the surroundings only as work.
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Adiabatic
From the first law of Thermodynamics, , we will getΔEint = Q + W
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Adiabatic
From the first law of Thermodynamics, , we will getΔEint = Q + W
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Free expansion
For an adiabatic free expansion of an ideal 
gas, the gas is contained in an insulated 
container and then allowed to expand in a 
vacuum. Because there is no external 
pressure for the gas to expand against, the 
work done by or on the system is zero. Since 
this process does not involve any heat 
transfer or work, the first law of 
thermodynamics then implies that the net 
internal energy change of the system is zero. 
For an ideal gas, the temperature remains 
constant because the internal energy only 
depends on temperature in that case. 

(A)

(B)
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Cyclic process

VA VC VDVB

PA = PD

PB = PC

During a closed cycle, the system returns to its original 
thermodynamic state of temperature and pressure. Process 
quantities (or path quantities), such as heat and work are process 
dependent. For a cycle for which the system returns to its initial state 
the first law of thermodynamics applies:
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Example
An ideal gas initially at , , and  is taken 
through a cycle as shown in the figure. 
(a) Find the net work done on the gas per 

cycle for 1.00 mol of gas initially at 0°C.  
(b)What is the net energy added by heat to 

the gas per cycle?

Pi Vi Ti
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Summary: Processes in Thermodynamics

Process Condi8ons Results

Isochoric/Isovolumetric

Isobaric

Isothermal

Adiaba<c

Free	expansion

Cyclic

ΔEint = Q + W
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How is heat transferred?
The	process	in	which	heat	flows	from	objects	with	
higher	temperature	to	objects	with	lower	
temperature.

The	movement	of	fluid	
molecules	from	higher	
temperature	regions	to	
lower	temperature	
regions.

Figure:	h?ps://www.machinedesign.com/
learning-resources/whats-the-difference-
between/document/21834474/whats-the-
difference-between-conduc<on-convec<on-

and-radia<on

Thermal	radia<on	is	generated	by	the	emission	
of	electromagne<c	waves.	These	waves	carry	
away	the	energy	from	the	emiXng	body.
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Conduction
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Conduction
Two slabs of thickness  and  and thermal conductivities 

 and  are in thermal contact with each other as shown in 
Figure. The temperatures of their outer surfaces are  and 

, respectively, and . Determine the temperature at 
the interface and the rate of energy transfer by conduction 
through an area  of the slabs in the steady-state condition.

L1 L2
k1 k2

Tc
Th Th > Tc

A


