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12.	 An ideal gas is held in a cylinder by a piston. The piston compresses the gas rapidly. 

gas

The average speed of the gas molecules increases because the gas molecules... 

A.	 have a smaller volume available in which they can move.

B.	 receive thermal energy transferred from outside the cylinder.

C.	 receive energy from the piston as they collide with it.

D.	 make more collisions every second with each other.

13.	 Which pressure–volume (P–V) diagram represents a Carnot cycle?

A.
P

V

B.
P

V

C.
P

V

D.
P

V
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14.	 Three combinations of resistors are shown. The resistors are identical.

P

Q

R

What is the total resistance of each combination of resistors in order of increasing resistance?

A.	 P Q R

B.	 Q P R

C.	 P R Q

D.	 Q R P
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12.	 A cyclic process for an ideal gas is shown. The cycle has three stages: isovolumetric, adiabatic, 
and isothermal. Work is done on the gas during the isothermal stage.

Stage Y

Pressure

Stage Z

Volume

Which stage is isothermal and what is the direction of the cyclic process?

Stage Direction

A. Y Anti-clockwise

B. Z Anti-clockwise

C. Y Clockwise

D. Z Clockwise

13.	 A wire of length L is used in an electric heater. When the potential difference across the wire is 
200 V, the power transferred in the wire is 500 W. A second wire is made from the same metal and 
has the same cross-sectional area. When a potential difference of 400 V is applied across the 
second wire, the power transferred is 2000 W.

What is the length of the second wire?

A.	 L
4

B.	 L
2

C.	  L

D.	  2L



Physics HL | Paper 1A | May 2025 TZ3 | Q14 | 1 marks

Apollo | Original source crop | 4

– 7 – 2225 – 6719

Turn over

13.	 The albedo of a planet with no atmosphere is 0.25. The reflected intensity is 240 W m-2. 

What is the outgoing radiated intensity?

A.	 180 W m-2

B.	 300 W m-2

C.	 720 W m-2

D.	 960 W m-2

14.	 The graph shows the variation of the internal energy U with temperature T for a sample of an ideal 
monatomic gas. R is the gas constant.

U / J

T / °C

4500

27

How many moles of the gas are in the sample? 

A.	 500
3R

B.	 15
R

C.	 1000
9R

D.	 10
R

15.	 75 J of thermal energy is transferred to an ideal monatomic gas at a constant pressure of 
1.0 × 105 Pa. The volume of the gas increases from 2.7 × 10-3 m3 to 3.0 × 10-3 m3.

What is the change in the internal energy of the gas?

A.	 45 J

B.	 105 J

C.	 -45 J

D.	 -105 J
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13.	 The albedo of a planet with no atmosphere is 0.25. The reflected intensity is 240 W m-2. 

What is the outgoing radiated intensity?

A.	 180 W m-2

B.	 300 W m-2

C.	 720 W m-2

D.	 960 W m-2

14.	 The graph shows the variation of the internal energy U with temperature T for a sample of an ideal 
monatomic gas. R is the gas constant.

U / J

T / °C

4500

27

How many moles of the gas are in the sample? 

A.	 500
3R

B.	 15
R

C.	 1000
9R

D.	 10
R

15.	 75 J of thermal energy is transferred to an ideal monatomic gas at a constant pressure of 
1.0 × 105 Pa. The volume of the gas increases from 2.7 × 10-3 m3 to 3.0 × 10-3 m3.

What is the change in the internal energy of the gas?

A.	 45 J

B.	 105 J

C.	 -45 J

D.	 -105 J

– 8 – 2225 – 6719

16.	 A gas is compressed at constant temperature. 

What are the changes in entropy of the gas and its surroundings during the compression?

Entropy of the gas Entropy of surroundings

A. Increases Increases

B. Increases Decreases

C. Decreases Increases

D. Decreases Decreases

17.	 Three identical resistors, R1, R2 and R3, each of resistance 2 Ω, are connected to a cell of negligible 
internal resistance as shown. When switch S is open, the power dissipated by R1 is 18 W.

S R1

R3

R2

What is the power dissipated by R1 when S is closed?

A.	 8 W

B.	 16 W

C.	 18 W

D.	 36 W



Physics HL | Paper 1A | May 2025 TZ3 | Q16 | 1 marks

Apollo | Original source crop | 6

– 8 – 2225 – 6719

16.	 A gas is compressed at constant temperature. 

What are the changes in entropy of the gas and its surroundings during the compression?

Entropy of the gas Entropy of surroundings

A. Increases Increases

B. Increases Decreases

C. Decreases Increases

D. Decreases Decreases

17.	 Three identical resistors, R1, R2 and R3, each of resistance 2 Ω, are connected to a cell of negligible 
internal resistance as shown. When switch S is open, the power dissipated by R1 is 18 W.

S R1

R3

R2

What is the power dissipated by R1 when S is closed?

A.	 8 W

B.	 16 W

C.	 18 W

D.	 36 W
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3.	 The pressure–volume diagram shows a 3-stage cyclic process of 0.20 moles of an ideal gas 
in a closed container. A–B is an isothermal process. C–A is an adiabatic process.

5

0

10

15

20

0.005 0.01
volume / m3

pressure / 105 Pa

A

B
C

The following data are available:

Pressure at A = 2.0 × 106 Pa
Volume at A = 1.0 × 10-3 m3

Pressure at B = 2.0 × 105 Pa
Volume at B = 1.0 × 10-2 m3

(a)	 Show that the temperature at C is about 260 K.� [2]
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(This question continues on the following page)
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(Question 3 continued)

(b)	 Determine the work done by the gas in C–A.� [2]
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(c)	 Outline why this cycle can be used for a heat engine.� [1] 
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4.	 (a)	 Identify two differences between sound waves in air and light waves.� [2]
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Graph 1 shows the variation of particle displacement d with position x for a travelling sound wave. 

Graph 1

d / mm

x / m

0.001

−0.001

0 0.5 1 1.5 2 2.5 3 3.5 4

Graph 2 shows the variation of particle displacement d with time t for the same travelling 
sound wave.

Graph 2

d / mm

t / s

0.001

−0.001

0 0.001 0.002 0.003 0.004 0.005 0.006

(This question continues on the following page)
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14.	 Two containers are filled with monatomic gas of equal mass at the same temperature. 
One container holds helium and the other neon. 

The mass of a neon atom is five times the mass of a helium atom. 

What is internal energy of the helium gas
internal energy of the neoon gas

?

A.	 1
5

B.	 1

C.	 5

D.	 5

15.	 A thermal energy of 7.0 J is removed from an ideal gas, and a work of 2.0 J is done by the gas. 
What is the change in the internal energy of the gas?

A.	 -9.0 J

B.	 -5.0 J

C.	 +5.0 J

D.	 +9.0 J
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14.	 Two containers are filled with monatomic gas of equal mass at the same temperature. 
One container holds helium and the other neon. 

The mass of a neon atom is five times the mass of a helium atom. 

What is internal energy of the helium gas
internal energy of the neoon gas

?

A.	 1
5

B.	 1

C.	 5

D.	 5

15.	 A thermal energy of 7.0 J is removed from an ideal gas, and a work of 2.0 J is done by the gas. 
What is the change in the internal energy of the gas?

A.	 -9.0 J

B.	 -5.0 J

C.	 +5.0 J

D.	 +9.0 J

– 10 – 8825 – 6707

16.	 Three identical resistors are arranged in four different networks. The same potential difference is 
applied across each network. Which network dissipates the greatest electrical power?

A.

B.

C.

D.
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13.	 A rigid vessel of volume V contains N molecules of an ideal monatomic gas. The average kinetic 
energy of the molecules is Ek. What is the pressure in the vessel?

A.	 2
3
N
VEk

B.	 2
3
NE
V

k

C.	 3
2
N
VEk

D.	 3
2
NE
V

k

14.	 A substance changes from a liquid into a solid without a change in temperature.

What is true about the internal energy of the substance and the total intermolecular potential 
energy of the substance when this phase change occurs?

Internal energy of 
the substance

Total intermolecular potential 
energy of the substance

A. decrease decrease

B. no change decrease

C. decrease no change

D. no change no change

15.	 The entropy of a system is S, and the number of possible microstates is Ω. What is the number of 

possible microstates for a system of entropy S
2

?

A.	 Ω
2

B.	 Ω
2

C.	 Ω

D.	 Ω2
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13.	 A rigid vessel of volume V contains N molecules of an ideal monatomic gas. The average kinetic 
energy of the molecules is Ek. What is the pressure in the vessel?

A.	 2
3
N
VEk

B.	 2
3
NE
V

k

C.	 3
2
N
VEk

D.	 3
2
NE
V

k

14.	 A substance changes from a liquid into a solid without a change in temperature.

What is true about the internal energy of the substance and the total intermolecular potential 
energy of the substance when this phase change occurs?

Internal energy of 
the substance

Total intermolecular potential 
energy of the substance

A. decrease decrease

B. no change decrease

C. decrease no change

D. no change no change

15.	 The entropy of a system is S, and the number of possible microstates is Ω. What is the number of 

possible microstates for a system of entropy S
2

?

A.	 Ω
2

B.	 Ω
2

C.	 Ω

D.	 Ω2
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16.	 The Carnot efficiency of a heat engine is 0.4 when the cold reservoir temperature is Tc. The hot 
reservoir is held at a constant temperature. What is the Carnot efficiency when the cold reservoir 

temperature is Tc
2

?

A.	 0.2

B.	 0.3

C.	 0.7

D.	 0.8

17.	 In the circuit shown, the cell has negligible internal resistance.

R

3R

I3 I1

I2

Which equation is correct?

A.	 I1 = 4(I2 + I3)

B.	 I1 = 4I2 

C.	 I3 = 4I2 

D.	 I I
3

14
3

=
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16.	 The Carnot efficiency of a heat engine is 0.4 when the cold reservoir temperature is Tc. The hot 
reservoir is held at a constant temperature. What is the Carnot efficiency when the cold reservoir 

temperature is Tc
2

?

A.	 0.2

B.	 0.3

C.	 0.7

D.	 0.8

17.	 In the circuit shown, the cell has negligible internal resistance.

R

3R

I3 I1

I2

Which equation is correct?

A.	 I1 = 4(I2 + I3)

B.	 I1 = 4I2 

C.	 I3 = 4I2 

D.	 I I
3

14
3

=
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5.	 The graph shows the cycle of a heat engine operating with an ideal monatomic gas. It 
consists of three stages: an isothermal A → B, an isobaric B → C and an adiabatic C → A. 
The temperature at A is 560 K.

10

20

30

40

50

60

2.0 2.5 3.0 3.5 4.0 4.5 5.0

P / kPa

V / 10−2 m3

A

C
B

(a)	 Show that the thermal energy transferred from the gas along B → C is about 700 J.� [3]
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(b)	 The work done along A → B is 840 J. Calculate the efficiency of the engine.� [3]
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6.	 Two blocks of mass m and 2m are connected with a string that goes over a pulley of mass m.

diagram not to scale

m

m 2m

axle
pulley

When the blocks are released, the pulley turns about the axle as the blocks move. The string 
does not slip relative to the pulley. The radius of the pulley is r and its moment of inertia 

about the axle is mr
2

2
.

(a)	 Show that the acceleration a of the blocks is given by a g
=

2
7

.� [3]
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(b)	 Suggest whether the angular momentum of the pulley–blocks system is conserved.� [1]
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10.	 The internal energy of a real gas is

A.	 zero.

B.	 equal to the intermolecular potential energy of the particles.

C.	 equal to the total kinetic energy of the particles.

D.	 equal to the sum of the intermolecular potential energy and the total kinetic energy of 
the particles.

11.	 A gas undergoes one cycle of a cyclic process.

The net change in internal energy of the gas is

A.	 zero.

B.	 positive.

C.	 negative.

D.	 determined by the initial temperature of the gas.

12.	 A working refrigerator with the door open is placed in a sealed room.

The entropy of the room

A.	 is zero.

B.	 decreases.

C.	 remains unchanged.

D.	 increases.
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10.	 The internal energy of a real gas is

A.	 zero.

B.	 equal to the intermolecular potential energy of the particles.

C.	 equal to the total kinetic energy of the particles.

D.	 equal to the sum of the intermolecular potential energy and the total kinetic energy of 
the particles.

11.	 A gas undergoes one cycle of a cyclic process.

The net change in internal energy of the gas is

A.	 zero.

B.	 positive.

C.	 negative.

D.	 determined by the initial temperature of the gas.

12.	 A working refrigerator with the door open is placed in a sealed room.

The entropy of the room

A.	 is zero.

B.	 decreases.

C.	 remains unchanged.

D.	 increases.
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10.	 The internal energy of a real gas is

A.	 zero.

B.	 equal to the intermolecular potential energy of the particles.

C.	 equal to the total kinetic energy of the particles.

D.	 equal to the sum of the intermolecular potential energy and the total kinetic energy of 
the particles.

11.	 A gas undergoes one cycle of a cyclic process.

The net change in internal energy of the gas is

A.	 zero.

B.	 positive.

C.	 negative.

D.	 determined by the initial temperature of the gas.

12.	 A working refrigerator with the door open is placed in a sealed room.

The entropy of the room

A.	 is zero.

B.	 decreases.

C.	 remains unchanged.

D.	 increases.

– 8 – 0000 – 6501
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13.	 The black-body radiation curve of an object at 600 K is shown. The intensity units are arbitrary.
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wavelength

What is the radiation curve of the same object at 450 K?

The original curve is shown with a dashed line.
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