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THERMODYNAMICS 

 

III. THE FIRST LAW OF THERMODYNAMICS

1. INTERNAL ENERGY

The internal energy (U) of a thermodynamic system consists of the kinetic energy of the particles due to their relative
motion and the potential energy that corresponds to the interaction between them.

 EXAMPLE  

 

For example, when you lift a gas canister above your head the internal energy of the gas does not change (it
does not depend on either the speed of the canister or the height of the canister).

Consider a metal ball that is dropped from a certain height then ends up being embedded in the ground. It
appears that the kinetic energy of the metal ball was lost. The energy of the ball does not disappear, of course.
Instead, the kinetic energy turns into internal energy during the collision with the ground. This means that the
temperature of both the ground and the metal ball increases as the particles move relative to each other with a
larger kinetic energy. In addition, some soil grains split, their molecules move further apart, and as a result the
magnitude of the (negative) binding energy between them decreases. This process also causes the internal
energy to increase.

2. WORK

The work done by the gas can be understood by considering the following process: a cylindrical container (with cross
sectional area A) is filled with a certain gas. As the gas expands it pushes a piston on one end of the container over a
distance d.

The piston experiences a pressure p from the gas, therefore the force exerted on the piston by the gas is pA. Let us

use W* to denote the work done by this force.

 ,

since the change of the volume is dV=Ads. The equation we obtained for W* is valid for any process, the work done by

a gas is always given as  , i.e. plotting the process on a p-V  diagram the area under the curve always

represents the work done by the gas. Work in thermodynamics generally corresponds to a volume change. Lifting the
gas canister mentioned earlier requires you to do work, but this work will only increase the gravitational potential
energy of the canister as a whole and leaves the internal energy of the gas unaffected.

The work done on the gas by the surroundings (denoted by W) is (-1) times the work done by the gas (W*). In the

earlier example this can be seen by applying Newton’s 3rd law for the gas and the piston. The force exerted on the gas
by the piston is equal and opposite to the force exerted on the piston by the gas.



When the gas expands it does positive work, since the piston moves in the same direction as the force exerted by the
gas, but when the gas is compressed by its surroundings the work done on the gas is positive, and the gas itself does
negative work.

3. HEAT, SPECIFIC HEAT, CALORIMETRY

The internal energy of an object can also be increased without macroscopic displacement of any kind if it receives
energy from another object that is at a higher temperature. The energy that the object receives in such a way is called
heat, and it is denoted by Q. Since heat is energy, its unit is J (Joule). The energy given to the environment by the

object is denoted by Q*, and Q* = - Q.

The temperature change of a system is usually proportional to the heat [1]. The proportionality constant is the heat
capacity of the system: . If the system consists of the same kind of material we can define the specific
heat (c) as Q = cmΔT, i.e. the specific heat is the amount of heat that is required to increase the temperature of a unit
mass of the material by one degree. The heat capacity refers to a certain system that may contain several different
kinds of materials, while the specific heat is the property of one type of material that can be an element, any kind of
alloy, compound, or mixture. The connection between the heat capacity and the specific heat is given by the equation:
C = cm. If the number of moles (n) is known instead of the mass, we can use the molar heat capacity (Cmol), which is

defined as , i.e. the molar heat capacity is the energy (heat) needed to raise the temperature of one

mol of the material by one degree.

In the basic problem of calorimetry a liquid with known mass (m1), specific heat (c1), and temperature (T1) is contained

in an insulated beaker. An object with known mass (m2), and temperature (T2) is placed into the same beaker, and

once thermal equilibrium is reached the final temperature (Tf) of the combined system is measured. The unknown

specific heat (c2) can be determined if we use the conservation of internal energy for the closed system: Q = Q1 + Q2

= 0. The energy that the warmer object gives off is absorbed by the cooler object until  the final temperature is reached,
therefore: Q1 = - Q2. Plugging in the unknown specific heat and the specific heat of the liquid we get the equation:

c1m1(Tf - T1) = c2m2(T2 - Tf), from which c2 can be determined. In general, if we mix a certain number of different

materials with known masses (mi), specific heats (ci), and temperatures (Ti), the final temperature is given as:

which is the weighted average of the initial temperatures using the heat capacity of each material as the weight.

It is very important to note that the internal energy corresponds to a certain state of the system, and it is determined by
the macroscopic parameters of the system. The work and the heat, on the other hand, always refer to a process, the
start and the end of which are certain states of the system.

4. THE FIRST LAW OF THERMODYNAMICS

The first law of thermodynamics states that the change in internal energy of a thermodynamic system equals the sum
of the heat received by the system and the work done on the system:

ΔU = Q + W

There are many different processes by which the system can be changed from state A to state B, but the change in
internal energy is the same for all of them, it is only the function of the states A  and B. The heat and the work can be
different depending on the given process, but their sum is always the same as long as the process changes the system
from state A to state B. The first law of thermodynamics can be applied for infinitely small (in other words infinitesimal)
changes as well: . This is called the differential form of the law.

    [1] This  is not true when the process involves a phase change.
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