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4.4: Intro Model of Thermodynamics

First Law of Thermodynamics

The First Law of Thermodynamics is our Energy-Interaction Model applied to systems where only the internal energies are
changing. The 1  law states that: the change in internal energy is equal to the energy added or removed as heat and/or work.
Symbolically, using U to refer to internal energy, the 1  Law is given by a familiar equation:

where, generally, ∆U = ∆E  + ∆E  + ∆E  + ∆E  and is called the change in internal energy. Atomic and nuclear
energies includes changes in the atomic states of atoms that are not involved in chemical bonds. In normal chemical reactions and
phase changes, there are no changes in atomic or nuclear energies, so the last two terms are zero for the types of physical systems
we study in this course. This equation is always true as long as we interpret  to include all changes of energy associated with
the physical system, and we mean by  and  the addition of energy as heat or as work to the system when Q and/or W are
positive or a removal of energy from the system as heat or as work when Q and/or W are negative.

Thermodynamic State

One aspect of thermodynamics that we will study is the evolution of systems from one state to another. To understand this we need
to be able to describe the initial and final states, known as a thermodynamic states, and to describe the process for getting from one
to the other. In describing individual states, we can use certain variables that have unique values for that thermodynamic state.
These variables are called state variables. For example, an ideal gas in a particular state is described by state variables pressure, P,
volume, V, temperature, T, and internal energy, U. State variables do not depend on the process or how the system evolved to that
state. Work, W, and heat, Q, are not state variables, since they depend on the process between two states. As a system changes, due
to heat or work being added or removed, the values of these state variables will change. When we discuss how one state variable
depends on other state variables, we can refer to that state variable as a state function. Relationships between these variables are
expressed in equations of state. For example, in the previous section we introduced one equation of state – the ideal gas equation, 

.

State Diagrams
Previously we used Energy-Interaction diagrams as a useful representational tool for analyzing energy conservation for specific
phenomenon. To describe changes in state variables as a system undergoes change, we can use a different representational tool:
state diagrams. A state diagram is a graph of one state variable plotted as a function of another state variable for a particular
process. Because it is frequently the case that two state variables completely determine the state of the system, a two dimensional
state diagram can be a very useful and sufficient representational tool.

Often, the pressure, P, and volume, V, are chosen to be the two representative state variables in a state diagram. Another useful pair
is entropy and temperature, that will be introduced later in this chapter. One reason the two-variable state diagram is such a useful
representation, is because it is possible to easily follow the path a system takes as it undergoes the process from some initial to
some final state. By path, we mean the continuous line of intermediate states that a system passes through, as it moves from an
initial to a final state. The PV diagram below shows one of the infinite number of possible paths connecting state 1 with state 2.

Figure 4.4.1: PV state diagram.
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A PV diagram needs to contain information about:

initial and final states.
the path connecting initial and final states.
the direction of the path.

We will find many uses for PV diagrams, especially for understanding the energy exchanges that take place as thermodynamic
systems undergo a change. One of the most important things we have already seen is that the area under a PV-curve represents the
work done on or by the system during a volume change. This work, in turn, is directly related to heat transfer and changes in the
internal energy of the system.

It makes no sense to try to represent a state of a system on state diagram, unless the system is in equilibrium. The state variables,
which are macroscopic variables, must have unique values that are the same throughout the system, which can only be measured
once the system is in equilibrium. Likewise, it makes no sense to talk about a particular path along a state diagram unless all the
intermediate states are equilibrium states as well. This is not to say that a real physical system cannot go from one state, say state 1
in the example above to state 2 and not follow a set of intermediate states that are equilibrium states. In fact, most processes do not
follow a path that continuously moves along a set of equilibrium states. It is just that we cannot show the path if it does not pass
through a series of equilibrium states. The end points, however, are well defined, regardless of how the system gets from the initial
to the final equilibrium state. The system can start in an equilibrium state and end up in an equilibrium state and never be in an
equilibrium state along the way.

Types of Problems

There are typically three quantities for a particular process that we can calculate from a PV diagram alone:

1. : work can be obtained directly from the PV diagram by either doing an integral or calculating an area under a curve. The
sign of work can be found by considering the direction of the process indicated on the PV diagram. From definition of work in
Equation 4.2.6, if the volume increased during a process work is negative, if the volume decreases work is positive, and if the
volume stays constant work is zero.

2. : when there is no change in bond energy, change in internal energy is equal to the change in thermal energy, which can be

calculated using . Initial and final temperatures can be calculated from the PV diagram

using the Ideal Gas Law: . Also, information about the total number of particles and the type of gas is needed in
order to calculate the total number of modes.

3. : the heat entering or leaving the system can be found indirectly from the PV diagram by calculating  and  first as
described in 1. and 2., and then using the 1  Law of Thermodynamics: .

There is a special type of process known as a thermodynamic cycle, which returns a system to its original state. An example of a
PV diagram for a cycle is shown in the figure below.

Figure 4.4.2: A thermodynamic cycle.

For a cycle:

1. : when the cycle is clockwise work is negative, and when its counterclockwise work is positive.
2. : the internal energy is a state variable, thus, it is path independent. Since the system returns to its original state, there is no

change in internal energy.
3. : since the change in internal energy is zero for a cycle, .
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Example 
The thermodynamic process below is described by a PV diagram for 1 mole of an ideal monatomic gas that does not change
phase. During this process, 5kJ of heat is removed from the system.

a) Calculate the final temperature of the gas.

b) What is the change in internal energy for the process?

c) Calculate the work in the process. Is the work being done by the system or on the system?

Solution

a) Here will use the Ideal gas law and solve for the final temperature:

b) Since the system does not undergo a phase change, the change in internal energy is equal to the change in thermal energy.
The change in thermal energy is:

To find , we need to find the initial temperature as well:

For one mole of a monatomic gas: . Using  we get:

c) Using 1  law:

The positive work obtained from the calculation above tells us that work is being done on the system. We can also see this
directly from the diagram, since the volume is decreasing in this process work is positive.

 

Example 
The thermodynamic cycle below (making a shape of an isosceles triangle) is described by a PV diagram for 1 mole of an ideal
monatomic gas that does not change phase.
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Find the total change in internal energy, the work done, and the heat for this thermodynamics cycle.

Solution

In a cycle the start and end states are the same, thus there is no change in the values of state variables. Since , the
total change in internal energy is zero as well, . This simplifies the 1  law to

The sign of work is negative since the cycle is clockwise. We can find work by finding the area inside the cycle:

Therefore, the heat added is 1.5 kJ.

 

 

This page titled 4.4: Intro Model of Thermodynamics is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Dina
Zhabinskaya.

ΔT = 0

ΔU = 0 st

W = −Q

W = − (1 × J/ )(4.5 −1.5 ) = −1.5kJ
1

2
103 m3 m3 m3

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/19178?pdf
https://phys.libretexts.org/Courses/University_of_California_Davis/UCD%3A_Physics_7A_-_General_Physics/04%3A_Models_of_Thermodynamics/4.04%3A_Intro_Model_of_Thermodynamics
https://creativecommons.org/licenses/by/4.0
http://physics.ucdavis.edu/people/adjunct-faculty-and-lecturers/dina-zhabinskaya

