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So, in next few classes, we will discuss briefly about the thermodynamics. You have
all studied thermodynamics in 10+2 level. We will go through the laws of
thermodynamics very briefly. So, we will start with the concept of work and heat. We
define work by ‘w’ and heat by ‘q’ and they play important roles in thermodynamics.
So, we need to know more about work and heat. We need to know what is work and
what is heat? Both work and heat refer to the manner in which energy transferred
between system and surroundings. We have introduced two new terminologies here,
‘systems’ and ‘surroundings’. So, what do you mean by system? How do we define a
system then? System is defined as the part of the world we are investigating. Then,
what is surroundings? Surroundings can be defined as everything else other than
system. So, system is the part of the world we are investigating (See below Figure 1),
and surroundings everything else. They are separated by a surface and surface can be

movable also. So, now we know what is system and what is surroundings.
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Next, let us define heat. What do we know about heat? Heat can be defined as energy
transferred between system and surroundings due to temperature difference between
them. Next, what is work? Work is energy transferred between system and
surroundings, as a result of unbalanced forces between the two (system and
surrounding). So, when there is an unbalanced forces between system and
surroundings, we get work. So, we defined systems, we defined surroundings, we
defined heat, and we defined work.

Now, what is the convention for heat and work? There has international convention for
work and heat. Heat is positive, means heat input to the system. It is negative when
heat is evolved by the system. Similarly, for work the convention is, work is considered
as positive, means work done on the system and it is negative means work done by the

system. So these are the conventions we will be using throughout the course.

g= + ve => heat input to the system
= —ve => heat evolved by the system
w= + ve => work done on the system

w= —ve =>work done by the system

Now let us see how we get heat and how we get work. We have a system having
temperature T, and there is surroundings having a temperature T, and T; is not equal
to T,. Through this boundary, heat can exchange (heat exchange boundary). In this
case, we get some heat. Similarly, suppose we have a container of ideal gas (see Figure
2) and the pressure of this container is Piy.. And you have the external pressure, Pex:.
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If Pex: is NOt equal to Piy, in that case, we get some work done. So, now we understood,
how one can get heat, and one can get work. How do we quantify and calculate heat
and work, etc. Consider the previous example, like we discussed now, we take one
container like Figure 2, which is having internal pressure Pi,or P;. Initially we have
ideal gas molecule confined in a cylinder. So, work done for this process, ‘w’ is nothing
but ¢ - mgh’, where, m is the mass of the piston, and, what is h? h is the expansion
height. g is acceleration of gravity. So, this is the way we can calculate work done. We
can further simplify this one is like:
W = — mgh x (A/A)
Where, A is the area of the piston. The volume change due to expansion is AV = hA.
So, W =—(mg/A) x AV
W = — Peyt X AV
We have initial volume here V; and final volume V. So, AV is nothing but Vi minus

V; So, we can calculate the work done as follows:

W = — Peyt X AV
This Pex: is nothing but final pressure.
W =—Ps x AV

This is applicable for irreversible process. Now, if pressure changes continuously
during the process, then we can write:
W = — [Pey dV



This is very general expression and this is applicable for reversible process. Depending
on the type of gas molecules, we can now calculate work done. Suppose, for ideal gas,
we know P is nothing but nRT/V. So, we can calculate W by substituting the value of
P. So, we get, w = —nRTIn(V: /V)).

For van der Waals gas we can substitute this P in the previous expression. For van der
Waals gas, P = ((nRT/V-nb) — (n?a/VV?)). So, we can calculate W and so on. So, what
we got so far? we got work done, W is —PAV for irreversible process and —nRTInV: /V;
for reversible process (for ideal gas).

We have one initial state, where the pressure was P; and volume V; , and we are going
to final state here, where the pressure Ps, volume Vs. If the process is reversible one,
we get one work done, and if the process irreversible one, we get different work done.
So, depending on the process although we have started from the same initial state and
we are going to the same final state, like if we go through reversible process or if we
carry out irreversible process work done are different. So, work is not a state function.
Rather, work is a path function. So, what do you mean by state function and what do
you mean by path function? We will discuss this elaborately. A state function is a
property that depends only upon the state of the system and not upon how the system
was brought to that state. One important mathematical property of a state function is
that its differential can be integrated in normal way. Suppose, U is a state function. So,

we can do the integration of dU in normal way and we can get the value like this:
JUE{U = Up— U=4Y
Yy

So, this is how one can integrate one state function.
If A which is function of variables x and y, and is a state function, then dA is said to
be perfect differential, like this.
So, state functions are perfect differential. So, if A is a state function so dA is said to
be perfect differential if this condition holds:

82A/5x8y = 62A/8ydx

A which is function of variables x and y:



dA = (5A/3X)ydx + (SA/3Y)xdy
dA = f(x,y)dx + g(x,y)dy
where, f(x,y) = (8A/0X)y and g(x,y) = (6A/3Y)x
So, the necessary and sufficient comndition is:
(8178y)x = (6g/6X)y

Now, we will consider a simple function and we will try to prove this by following
way:
A = x3sin(xy)

dA = (2x sin(xy) + X2y cos(xy)) dx + (x* cos(xy) dy)
(3178y)x = 3x? cos(xy) — X3y sin(xy)

(8g/8x)y = 3x2 cos(xy) — X3y sin(xy) = (5f/8y)x
So, dA is a perfect differential. So, A is a state function.
Next we will prove work done is a path function. So, work is a path function or work
Is not a state function. So we will try to prove it in a very simple manner. So, we
consider only PV work is involved here.
Proof: 0
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Figure 3

We have one initial state (in Figure 3) at point A where pressure is P; and volume is
V1. And we would like to reach a final state C, where pressure is P, and volume V..
We can reach from point A to point C like this way. We will first reach at point B from
point A, by keeping the pressure fixed we can increase the volume from V; to V.. So
this is our path 1. And we can reach in another fashion. We can first keep the volume
fixed at V; and we can decrease the pressure from P; to P,, and then, first, we can start
from point A and then we reach to point D by keeping the volume fixed at V; and then
we can decrease the pressure to P2, so this is point D, where pressure is P, and volume
is V1 and then we can increase the volume at constant pressure P, from V; to V,. So,
this is path 2.

Now we will prove internal energy is a state function by taking Figure 4.
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Figure 4

For path-1: AU; = Ug - Ua
For path-11: AU, = Ua — Ug
Assume, | AU; | not equal to | AU, |, this implies we can generate some amount of

energy by repeating this, but this is not possible.



So, | AU | =| AU, |
So, U is a state function.
Now first law of thermodynamics:
If a state (A) having internal energuy Ua changes to another state (B) having internal

energy Ug by taking +g amount of heat and w amount of work is done by the system,

SO,
Ua+g=Us—-w
Ua-Us=q+Ww
AU=q+w

Now, for adiabatic process dq = 0,

So, dU =dw

In this special case dw becomes state function.

Cv(T)dT =-PdV

Where, Cy =3/2 R

P=nRT/V

So, Cy(T) dT =- (nRT/V) dV

By taking the temperature limit from T, to T, and volume limit V; to V;, and

integrating and putting the value of Cy,, we get,
(TT)¥? = (Vi)

For expansion process, Vo >Viand T > T

By substituting the value of T, we get,

|:)1V1y = Pszy, where Y= CP/CV
PV' = constant

So, for adiabatic process, PV = constant

For isothermal process, PV = constant, this is known as boyle law.
Now we will consider one simple diagram (Figure 5) and | will try to calculate work,

internal energy, etc.
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Figure 5
Path A is isothermal reversible process, path B is adiabatic process and for path C no
PV work. So,
For path A: AUA=0; S0, ga =-Wa
For path B: gs =0 ; AUs = Ws
For path C: wc=0; AUc =(c.
So in that fashion also we have just worked out here how we can calculate internal

energy change, heat change or work done for different processes.



