Exercise walk-through

16.1

Internal energy

A-Level Physics



Thermodynamics

L Internal energy

Internal energy

Internal energy U is the sum of the random KE
random kinetic energy of the molecules and motion of molecules
the potential energy stored in the

intermolecular forces. It is a state function: it

depends only on the present state, not on how molecular PE
the system got there. bonds / attractions



Thermodynamics
[

Internal energy

The two contributions

. potential energy
(forces between molecules)

N
random kinetic energy
(molecules moving)
The random kinetic energies of the molecules — translational as
they fly about, and for anything but a monatomic gas also rotational
and vibrational — plus the potential energy in the intermolecular forces. Not the

body’s own motion, and not its position.



Thermodynamics

L Internal energy

Two things U is not

U depends only on the state — temperature, pressure, volume and amount of

substance — never on the path taken to reach it.
Not path-dependent Not bulk motion
U depends only on the state a moving cylinder of gas has
— T, p, V, amount — never kinetic energy, but U counts only
on how the gas got there. the random molecular motion.

Throw a sealed flask across the room and its U does not change — the molecules are no
more agitated than before.



Thermodynamics

L Internal energy

Temperature and internal energy

Each ideal-gas molecule carries %kT on average (Topic 15), and there is no molecular
PE, so
U= 3NkT = 3nRT

U o T: double the thermodynamic temperature, double the internal energy.

This is exact only for an ideal gas. In a phase change , U climbs while T
stands still — the energy goes into potential, breaking bonds.



Thermodynamics

Internal energy

Temperature and internal energy, in detail

(ideal gas)

internal energy U

For an ideal gas U o« T — a straight line through the origin. A phase change
breaks it: U climbs while T stands still.



A-Level Physics

Exercises 2.1:2.3

2.1 State the two contributions to the internal energy of a substance. 2]

2.2 State what happens to a body’s internal energy when its temperature rises. [l

2.3 State why an ideal gas has zero molecular potential energy. 1]



A-Level Physics

Exercises 2.1:2.3

2.1 State the two contributions to the internal energy of a substance. 2]

2.1

o the random kinetic energy of the molecules
« and the potential energy between the molecules

2.2 State what happens to a body’s internal energy when its temperature rises. [l

2.2

« it increases (the molecules’ random kinetic energy rises)

2.3 State why an ideal gas has zero molecular potential energy. 1]

2.3

« its molecules are assumed to have no forces between them (except during collisions),
so there is no intermolecular potential energy



A-Level Physics

Exercises 2.4-3.1

2.4 Write the expression for the internal energy of an ideal gas.

3.1 The internal energy of an ideal gas depends only on its:

D A pressure

B volume
C thermodynamic temperature
D mass



A-Level Physics

Exercises 2.4-3.1

2.4 Write the expression for the internal energy of an ideal gas. 1]

24
« U=3nRT (or $NKT)

3.1 The internal energy of an ideal gas depends only on its: 1]
D A pressure
B volume

C thermodynamic temperature
D mass

3.1C

o for an ideal gas U depends only on thermodynamic temperature

e A pressure and B volume cancel for a given 7'; D mass matters only through n, not
on its own once n is fixed



A-Level Physics

Exercises 3.2:3.3

3.2 The thermodynamic temperature of an ideal gas is doubled. State what happens to
its internal energy. [1]

3.3 Explain why a substance’s internal energy increases during boiling, even though its
temperature stays constant. 2]



A-Level Physics

Exercises 3.2:3.3

3.2 The thermodynamic temperature of an ideal gas is doubled. State what happens to
its internal energy. [1]

3.2

o it doubles (U x T for an ideal gas)

3.3 Explain why a substance’s internal energy increases during boiling, even though its
temperature stays constant. 2]

3.3

e energy goes into increasing the molecular potential energy as bonds are broken and
the molecules separate

o the kinetic energy (temperature) stays the same, so U rises with constant T



A-Level Physics

Exercise 3.4

3.4 Explain why the internal energy of a gas is not the same as the kinetic energy of the
moving container it is in. 2]



A-Level Physics

Exercise 3.4

3.4 Explain why the internal energy of a gas is not the same as the kinetic energy of the
moving container it is in. 2]

3.4

e internal energy is the energy of the random molecular motion

o the container’s motion is bulk/ordered kinetic energy of the whole body, which is
separate from U



A-Level Physics

Exercise 3.5 (a)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27"

(a) State what is meant by the internal energy of a system. 2]



A-Level Physics

Exercise 3.5 (a)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27"

(a) State what is meant by the internal energy of a system. 2]

(a) the sum of the random kinetic and potential energies of all the molecules of
the system



A-Level Physics

Exercise 3.5 (b)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27"

(b) Explain why, for an ideal gas, the internal energy depends only on the thermody-
namic temperature. 2]



A-Level Physics

Exercise 3.5 (b)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27"

(b) Explain why, for an ideal gas, the internal energy depends only on the thermody-
namic temperature. 2]

(b) the molecules of an ideal gas exert no forces on each other except in collisions, so
their total potential energy is zero and the internal energy is purely kinetic

o the mean molecular kinetic energy is %kT, so the internal energy depends only on T’
— not on the volume or the pressure separately



A-Level Physics

Exercise 3.5 (c)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature 1', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47', and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27".

(c) Complete the table, giving each entry in terms of some or all of W and U. (4]
process work done on the gas thermal energy supplied increase in internal
to the gas energy
compression to W
4T

cooling to 2T




A-Level Physics

Exercise 3.5 (c)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature 1', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47', and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27".

(c) Complete the table, giving each entry in terms of some or all of W and U. (4]
process work done on the gas thermal energy supplied increase in internal
to the gas energy
compression to W
4T

cooling to 2T

Full solution on next slide



A-Level Physics

Full solution 3.5 (c)

(¢) internal energy is proportional to T it is U at T, 4U at 4T and 2U at 2T

process work done on thermal energy increase in internal
the gas supplied energy

compression to W 33U —-W +3U

AT

cooling to 2T 0 —2U —2U

e +3U; —2U; the zero work at constant volume; both thermal-energy entries, from
AU =q+w



A-Level Physics

Exercise 3.5 (d)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27".

(d) State and explain what happens to the mean speed of the molecules during the
cooling. 2]



A-Level Physics

Exercise 3.5 (d)

3.5 A sealed cylinder contains an ideal gas at thermodynamic temperature T', with inter-
nal energy U. A piston compresses the gas, raising its temperature to 47", and work W
is done on the gas during the compression. The gas is then cooled at constant volume
until its temperature is 27".

(d) State and explain what happens to the mean speed of the molecules during the
cooling. 2]

(d) the mean speed decreases

e because the mean kinetic energy %kT falls with the temperature and the molecular
mass is unchanged



