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supplying an amount of heat which is delta q and then delta w is the work done by the
system see previous example i took two extreme cases here i said heat supplied no work
here i said i am doing some mechanical work on the system not allowing any heat exchange
here i am doing both that is why in one of the previous slide set i said that i will be
talking about both mechanical and thermal interactions and then system reaches the
equilibrium i will deal with that particular system and do heat exchange or mechanical
interaction in a very quasi static way so that i can always assume that system is in




equilibrium so delta q is the heat supplied to the system delta w work done by the system
and then first law of thermodynamics age delta q is equal to delta w plus this new
quantity which is called delta u that i will be calling the internal energy ok so you see
if delta w is @ first example of the previous slide delta q is delta u so whatever heat i
supplied went into increasing this internal energy ok and then if i do some work but do
not allow ok do not allow any heat exchange so that delta q is zero so you see delta u is
equal to minus delta w ok minus delta w and this is where i need to fix a convention ok i
will fix the convention in the following way delta q positive when heat is supplied to
the system internal energy increases delta w is positive work done by the system ok in
the previous example if i was doing some work ok on this system then it would be negative
and internal energy goes up so i repeat the first law of thermodynamics delta q heat
supplied to the system delta w work done by the system ok and then again i write it in
the form which is written here that is delta q is equal to delta u plus delta w okay
convention is delta q is positive heat supplied to the system heat is extracted from the
system delta q will be negative ok if you set delta w is equal to © delta q is equal to
delta u so whatever heat you supply to the system it goes into increasing the internal
energy of the system if you extract heat from the system then delta q is negative
internal energy goes down ok and now other way around if you talk about this one you can
see from this expression in one case internal energy will increase when i work on the
system ok then this delta w itself will be negative from the equation for the first law
of thermodynamics i get this one if delta w is n egative means i am working on the system
internal energy increases if delta w is positive that means system is working at the cost
of its internal energy so you see for energy conservation internal energy must be there
we should understand what is this internal energy ok before i proceed to that let me
write it in the following form the first law of thermodynamics what i have written here
which is actually conservation of three quantities thermal energy work done or mechanical
energy and the internal energy can be written in a differential form ok it says delta q
delta w and du this is where one has to be careful why these two are delta and this one
is d these i will explain briefly today and elaborately in the next lecture but let me
proceed a little bit what is the internal energy i said if supply heat to the system and
do not let it work its internal energy goes up what is this internal energy ok you know
if you supply heat kinetic theory has already told me that average kinetic ene rgy
increases which implies that temperature increases ok without further proof at the moment
i will just say let us say ideal gas ideal gas molecules let us say monoatomic if it is
mono atomic ok i know the translational kinetic energy if i take lets say one mole of
monoatomic ideal gas p three by two nk bt here it is the avogadro number which we kept
referring to so this translational kinetic energy is actually the internal energy how do
you know this analogy clearly you know this analogy clearly because you know when you
supply heat temperature increases kinetic theory teaches us that average kinetic energy
increases translational kinetic energy ideal gas mono atomic only translational so for
mono atomic ideal gas it is the translational kinetic energy that is the internal energy
so you increase the temperature what goes up is the translational kinetic energy of the
monoatomic cache molecules ok so what is internal energy internal energy is equal to this
form which i will not prove probably but i will expect because of this analogy it is cvt
plus constant for ideal gas and you know cv has the information whether ideal gas is mono
atomic diatomic or poly atomic i count the degrees of freedom taking either translational
or translational plus rotational or translational plus rotational plus vibrational all
those informations go into this cv so its the kinetic energy if you talk about ideal gas
molecules ok this is a good point i think where we should stop but i have to tell you
this is a very important thing this delta q delta w and tu actually delta q and delta w
they depend on the thermodynamic processes i have already shown you two examples in which
i have in one i have delta q is equal to © only delta w was there in the other there was
a delta g but no delta w so this delta q and delta w if i go from a initial state to
final state ok let us say this is pi this is pf i go from an initial to final state let
me pi to pf ok or vi to vf this delta q and delta w depen d on how i have reached from
the initial to the final state but du does not depend on how i went from the initial to
the final state rather it depends upon only the initial state and the final state ok that
is a very important concept which i will explain from the point of view of mechanics
where you already know there is a concept of potential for a conservative force field
that 1 will generalize here to explain to you what is this internal energy and what do i
mean by the terminology that it is a state function so i end this by saying that this



quantity actually is a state function this quantity u is actually a state function
depends on initial and final state that means initial and final values of the
thermodynamic variables if it is ideal gas i already have tried to explain to you that it
is cvt so it will actually be given by the difference in temperature of these two states
ok thank you for today you





