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All information can be found:

- Course webpage: https://magharbi.wordpress.com/teaching/

- MY COURSES: https://mycourses2.mcgill.ca/  

Scheduled Times: Monday-Wednesday-Friday, from 10:30 AM to 11:30 AM

Location: Rutherford Physics Building 114  

Overview: Energy, work, heat; first law. Temperature, entropy; second law. Absolute 

zero; third law. Equilibrium, equations of state, gases, liquids, solids, magnets; phase 

transitions.

Text: Thermal Physics, second edition, C.B.P. Finn

Supplemental text: Thermal Physics , Michael Sprackling / Thermodynamics for 

Chemists, Physicists and Engineers, Holyst and Poniewierski

Marking scheme: Problem sets: 15%, Mid-term 35%, Final exam 50%

Mid-term: Monday, October 17, 2016

Final exam: To be announced (TBA)

Problem sets: 5 problem sets (TBA)

__________________________________________________________________________
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PHYS 253: Course outline

I expect to cover the material in Finn, complemented with some applications and extensions: 

1- Introduction to thermodynamics: Importance of thermodynamics, Basic concepts, The zeroth law of 

thermodynamics, Equations of state, scales of temperature

2- Reversible processes and work: Reversible process, Bulk modulus and expansivity, work

3- The first law of thermodynamics: Heat and internal energy function, Heat capacity, Ideal gases and non 

ideal gases

4- The second law of thermodynamics: Carnot cycles, Efficiency of an engine, The second law of 

thermodynamics, Real engines

5- Entropy: The central equation of thermodynamics, Entropy of an ideal gas, Entropy and disorder, Maxwell 

relations, Internal Energy U, Enthalpy H, Helmholtz function F, The Gibbs function G

6- Magnetic systems

7- Change of phase: Equilibrium condition for two phases, The Clausius-Clapeyron equation for first order 

phase changes, Variation of G in first order transitions, Second order phase changes

8- Superconductivity and superfluidity

9- Third law of thermodynamics: Formulation of the third law, Consequences of the third law, Absolute zero
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Why do we need to study thermodynamics? 
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Knowledge of thermodynamics is required to design any device involving the interchange 

between heat and work. It the study of energy in the form of heat and work!

Examples of practical thermodynamics devices 

Fridges Car engine Steam engine 

Heat Workexchange



What is thermodynamics? 
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• The study of the relationship between work, heat, and energy. 

• Deals with the conversion of energy from one form to another. 

• Deals with the interaction of a system and it surroundings. 

System: identifies the subject of the analysis by defining a boundary 

Surroundings: everything outside the system boundary. 

An example: an Internal Combustion (IC) Engine



Forms of energy (heat and work)
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Nuclear reactions

Source of heat (which can 

then be converted to work).

Solar energy

comes in the form of thermal 

radiation given off by the Sun

Chemical reactions

are another source of heat 

(and hence work)

Gravitational forces

Source of mechanical energy, 

which can be converted to 

electrical energy



Thus, we study thermodynamics to …
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Develop new types of motion machines Understand gases

Control heat dissipation Understand properties of matter



























Some exercises: 

1) Classify the following systems as open, closed or isolated 

Open system: a system that freely exchanges 

energy and matter with its surroundings

Closed system: a system that can exchange 

energy but not matter with its surroundings

Isolated system: no exchange of energy and 

matter with its surroundings

a- The system is a mass of gas in a container with rigid, impermeable, adiabatic walls 

ISOLATED



Some exercises: 

1) Classify the following systems as open, closed or isolated 

Open system: a system that freely exchanges 

energy and matter with its surroundings

Closed system: a system that can exchange 

energy but not matter with its surroundings

Isolated system: no exchange of energy and 

matter with its surroundings

b- The system is a mass of gas in a container with rigid, impermeable, diathermal

walls 

CLOSED



Some excercises: 

1) Classify the following systems as open, closed or isolated 

Open system: a system that freely exchanges 

energy and matter with its surroundings

Closed system: a system that can exchange 

energy but not matter with its surroundings

Isolated system: no exchange of energy and 

matter with its surroundings

c- The system is a sugar solution enclosed by a membrane permeable only to water 

and is immersed in a large container of water

OPEN



Some exercises: 

2) Classify the states in which the following systems find themselves as equilibrium or

non-equilibrium states

a- The system is a Daniell cell on open circuit 

In the Daniell cell, copper and zinc electrodes are 

immersed in a solution of copper(II) sulfate and zinc 

sulfate respectively. At the anode, zinc is oxidized 

per the following half reaction:

Zn(s) → Zn2+
(aq) + 2e−

At the cathode, copper is reduced per the 

following reaction:

The salt bridge typically contains a high concentration of potassium nitrate (a salt that will 

not interfere chemically with the reaction in either half-cell). 

Nitrate anions in the salt bridge move into the zinc half-cell in order to balance the increase 

in Zn2+ ions.

Potassium ions from the salt bridge move into the copper half-cell in order to replace the 

Cu2+ ions being discharged.

Cu2+
(aq) + 2e− → Cu(s)

Non-equilibrium



Some exercises: 

2) Classify the states in which the following systems find themselves as equilibrium or

non-equilibrium states

b- The system is a sphere which is falling through a viscous liquid and has reached its 

terminal velocity 

Friction � heat and energy exchange � Non-equilibrium

c- The system is a mass of gas which has remained in a container with rigid, adiabatic 

walls for a long time 

No matter exchange, no energy exchange � Equilibrium



Temperature scale:

The resistance of a certain piece of wire is 5 Ω when it is at the temperature of melting ice 

and 6 Ω when it is at the temperature at which water boils under a pressure of 1 standard 

atmosphere. Using this wire, a temperature scale is set up on which equal increments in 

temperature correspond to equal increments in resistance. 

Giving the temperature of melting ice the value of 100 deg, where deg is the unit on this 

particular scale, and the temperature of water boiling under a pressure of 1 standard 

atmosphere the value of 500 deg, calculate the temperature as determined by this scale 

when the resistance of the wire is 5.4 Ω.  



• Let R to be the resistance of the wire at the temperature on this resistance scale denoted 

by ��.

• We are in the assumption of equal increments in resistance that correspond to equal 

increments in temperature. Thus we can use the linear form: 

R=a��+b

• a and b are constants that we need to determine 

• We have: 

melting ice R= 5 Ω; �������	 = 100 ��� � 5=100 a + b

water boils R= 6 Ω; �������	 = 500 ��� � 6=500a + b

Thus, 

a= 1/400 Ω/deg

b= 4.75 Ω

Therefore, when R=5.4 Ω, �� = 5.4 − 4.75 x400 = 260 deg



Temperature Scales
By: Abtin Ameri and Anthony Ubah



Inventors 

Delisle (oD)
Joseph Nicolas Delisle

(1732)

Celsius (oC)
Anders Celsius

(1742)

Fahrenheit (oF)
Daniel Gabriel Fahrenheit

(1724)

Newton (oN)
Sir Isaac Newton

(1701)

Kelvin (K)
William Lord Kelvin

(1848)

Rankine (oRa)
William J. M. Rankine

(1859)

Réaumur (oRé)
René Antoine Ferchault de Réaumur

(1730) 

Rømer (oRø)
Ole Christensen Rømer

(1701) 



Conversions

�F = 9/5 * C + 32

�C = K – 273.16 

�Ra = F – 459.67

�C = 9/5 * Ra

�C = 40/21 * (Rø – 7.5)

�C = 33/100 * N

�C = 5/4 * Ré
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