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25.	 The diagram shows possible paths Q, R, and S of particles moving into a region of uniform 
magnetic field. The field is directed into the plane of the page.

Q

S

R

What particles are shown by each path?

Q R S

A. proton neutron electron

B. neutron electron alpha particle

C. electron neutron alpha particle

D. proton electron neutron
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26.	 A circuit is created with a cell, two parallel conducting wires and a moveable metal rod of length L. 
When a uniform magnetic field B  is directed out of the page through the circuit, the metal rod 
moves to the right with velocity v. The initial current in the circuit is I.

Cell
v

L

What is the direction of the current through the circuit and the initial force on the metal rod?

Direction of I Initial force on the metal rod

A. anti-clockwise BIL sin (90°)

B. clockwise BIL sin (90°)

C. anti-clockwise BIL sin (0°)

D. clockwise BIL sin (0°)

27.	 Two parallel wires X and Y carry the same current. There is a repulsive force per unit length F  on 
each wire. The direction of the current in each wire is reversed. The current in X is doubled and the 
current in Y stays the same. The separation of X and Y is also doubled. 

What is the magnitude and direction of the force per unit length on each wire?

Magnitude Direction

A. F repulsive

B. F attractive

C. F
2

repulsive

D. F
2

attractive
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26.	 A circuit is created with a cell, two parallel conducting wires and a moveable metal rod of length L. 
When a uniform magnetic field B  is directed out of the page through the circuit, the metal rod 
moves to the right with velocity v. The initial current in the circuit is I.

Cell
v

L

What is the direction of the current through the circuit and the initial force on the metal rod?

Direction of I Initial force on the metal rod

A. anti-clockwise BIL sin (90°)

B. clockwise BIL sin (90°)

C. anti-clockwise BIL sin (0°)

D. clockwise BIL sin (0°)

27.	 Two parallel wires X and Y carry the same current. There is a repulsive force per unit length F  on 
each wire. The direction of the current in each wire is reversed. The current in X is doubled and the 
current in Y stays the same. The separation of X and Y is also doubled. 

What is the magnitude and direction of the force per unit length on each wire?

Magnitude Direction

A. F repulsive

B. F attractive

C. F
2

repulsive

D. F
2

attractive
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3.	 Two oppositely charged parallel plates are a distance 8.0 cm apart. The potential difference 
between the plates is 120 V. An alpha particle is placed on the positively charged plate and 
released from rest. Gravity is ignored.

120 V 8.0 cm

(a)	 Calculate the electric field between the plates.� [1]
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(b)	 	(i)	 Show that the acceleration of the alpha particle is about 7 × 1010 m s-2.� [2]
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(ii)	 Calculate the time taken for the alpha particle to reach the negative plate.� [2]
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(iii)	 State, in eV, the kinetic energy of the alpha particle when it arrives at the 
negative plate.� [1]
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(This question continues on the following page)
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(Question 3 continued)

(c)	 A magnetic field directed into the plane of the page is now established between the 
plates. An alpha particle enters the region between the plates with a horizontal speed 
of 5.0 × 105 m s-1. The particle is not deflected.

Calculate the magnitude of the magnetic field.� [2]
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(d)	 The alpha particle in (c) is replaced by an electron. The electron enters the region 
between the plates with the same velocity as the alpha particle.

Draw, on the diagram, the path of the electron.� [1]

electron
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4.	 Two sources of light produce an interference pattern on a screen.

(a)	 Explain why the two sources need to be coherent for the interference pattern to 
be observed.� [2]
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(b)	 Light of wavelength 720 nm is incident on two narrow slits that are separated by 
0.12 mm. An interference pattern is observed on a screen. P1 and P2 are the points of 
destructive interference closest to the central maximum M.

light

screen

P1

P2

M

(i)	 Calculate, in radians, the angular separation ϕ  of P1 and P2.� [2]
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(ii)	 Suggest how energy conservation is consistent with the fact that the energy at 
P1 and P2 is zero.� [1]
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(This question continues on the following page)
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27.	 Two points R and S are in a uniform electric field of strength E, directed vertically downwards. The 
horizontal distance from R to S is ∆ x, and the vertical distance from R to S is ∆y. 

S

E

R
∆y

∆ x

The electric potential at R is zero. What is the electric potential at S?

A.	 E � �x y2 2�

B.	 E∆y

C.	 � �E � �x y2 2

D.	 -E∆y

28.	 An electron moves with speed v in a region of a uniform magnetic field of strength B. The path of 
the electron is a circle of radius R. The graph shows how R varies with v.

R

v0
0

What is the gradient of the graph?

A.	 m B
e
e

B.	 eB
me

C.	 m
eB

e

D.	 e
m Be

– 18 – 8825 – 6707

29.	 A proton enters a region where electric and magnetic fields are perpendicular to each other. The 
initial velocity v of the proton is perpendicular to both fields. The path of the proton is not deflected 
in the fields.

v

magnetic field

path of the proton

electric field

The proton is replaced by an alpha particle that is also not deflected by the fields. What is the 
velocity of the alpha particle?

A.	 v
2

B.	 v

C.	 2v

D.	 4v

30.	 A conducting ring is perpendicular to a uniform magnetic field directed out of the page.

The magnitude of the magnetic field strength increases. What are the direction of the conventional 
current induced in the ring and the net magnetic force on the ring?

Current induced in the ring Magnetic force on the ring

A. clockwise zero

B. counter-clockwise zero

C. clockwise non-zero

D. counter-clockwise non-zero



Physics HL | Paper 1A | Nov 2025 TZ1 | Q29 | 1 marks

Apollo | Original source crop | 9

– 18 – 8825 – 6707

29.	 A proton enters a region where electric and magnetic fields are perpendicular to each other. The 
initial velocity v of the proton is perpendicular to both fields. The path of the proton is not deflected 
in the fields.

v

magnetic field

path of the proton

electric field

The proton is replaced by an alpha particle that is also not deflected by the fields. What is the 
velocity of the alpha particle?

A.	 v
2

B.	 v

C.	 2v

D.	 4v

30.	 A conducting ring is perpendicular to a uniform magnetic field directed out of the page.

The magnitude of the magnetic field strength increases. What are the direction of the conventional 
current induced in the ring and the net magnetic force on the ring?

Current induced in the ring Magnetic force on the ring

A. clockwise zero

B. counter-clockwise zero

C. clockwise non-zero

D. counter-clockwise non-zero
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31.	 An electron with speed v enters the region between two charged parallel plates midway between 
the plates, as shown. The potential difference between the plates is V. 

e−

What is the speed of the electron on impact with the plate?

A.	 v eV
me

2

2
+

B.	 v eV
me

2
2

2
�
�

�
�

�

�
�

C.	 v eV
me

2 +

D.	 v eV
me

2
2

�
�

�
�

�

�
�  

32.	 A positively charged particle is moving towards a current-carrying wire as shown.

current

What is the direction of the magnetic force acting on the charged particle?

A.	 To the right

B.	 To the left

C.	 Into the page

D.	 Out of the page

– 17 – 8825 – 6719

Turn over

33.	 Three statements are made about emission and absorption spectra.

I.	 They provide information on the chemical composition of substances.

II.	 They provide evidence for mass-energy equivalence.

III.	 They arise from transitioning electrons between energy levels. 

Which of the statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

34.	 For which of the following atoms would the Bohr model apply, if one electron was removed from 
the atom?

A.	 11
22Na

B.	 3
5Li

C.	 92
235U

D.	 2
4He

35.	 A photon scatters off an electron at an angle θ, as shown. The shift in the photon wavelength after 

scattering is h
m ce2

.

electron

θ
incident photon

scattered
photon

 

What is correct about the frequency of the photon after scattering and θ ?

Frequency θ

A. increases 30°

B. increases 60°

C. decreases 30°

D. decreases 60°
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3.	 (a)	� Two identical conducting spheres X and Y that carry positive charges are separated 
by a centre-to-centre distance of 24.0 cm in a vacuum. The charge on X is 9Q and the 
charge on Y is Q. Point R is 6.0 cm from the centre of Y, as shown. 

R

YX

Q9Q

6.0 cm24.0 cm

The resultant electric field at R is 32.6 MN C−1. Determine Q, giving an appropriate unit. � [2]
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(Question 3 continued)

(b)	 A particle of mass m and positive charge q moves on a circular path with speed v in a 
vacuum. A uniform magnetic field B is directed into the plane of the page.

vv

BB

(i)	 Show that the radius R of the circular path is given by R mv
qB

= .� [1]
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(ii)	 Suggest why the speed of the particle stays constant, even though a force  
acts on the particle.� [1]
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(Question 3 continued)

(c)	 The particle in (b), now moving in a region of magnetic field in air, follows the path shown.

v

Explain the shape of this path.� [2]
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4.	 (a)	� A pure radioactive sample of bismuth-204 ( 83
204Bi ) is placed near a detector, which is 

connected to a counter. 

bismuth-204 sample detector

to counter

Bismuth-204 decays into lead ( 82
204Pb ) by beta-plus decay according to the equation 

83
204

82
204Bi Pb� � ��e � . The graph shows the variation with time t of the count rate R. 

0
0

500

1000

1500

2000

2500

3000

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 10095

R / hour −1

t / hour

(i)	 State the background count rate.� [1]
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 A group of students investigate the motion of a conducting ball suspended from a long string. 
The ball is between two vertical metal plates that have an electric potential difference V 
between them. The ball is touched to one plate so that it becomes electrically charged and 
is repelled from the plate. For a given potential difference, the ball bounces between the 
plates with a constant period.

diagram not to scale

V

to the point of suspension 

metal plates

(a)	 The students vary V and measure the time T for the ball to move once from one plate 
to the other. The table shows some of the data.

V / kV T / s ±± 0.1 s

3.00 1.4

5.00 0.8

7.00 0.6

(i)	 V is provided by two identical power supplies connected in series. The potential 
difference of each of the power supplies is known with an uncertainty of 0.01 kV.

State the uncertainty in the potential difference V.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(This question continues on the following page)
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(Question 1 continued)

(ii)	 T is measured with an electronic stopwatch that measures to the nearest 0.1 s.

Describe how an uncertainty in T of less than 0.1 s can be achieved using 
this stopwatch.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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The graph shows the variation of T with V. The uncertainty in V is not plotted.

0 2 4 6 8 10

T / s

V / kV

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

(iii)	 Outline why it is unlikely that the relationship between T and V is linear.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(iv)	 Calculate the largest fractional uncertainty in T for these data.� [2]
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(Question 1 continued)

(b)	 The students suggest the following theoretical relationship between T and V :

T A
V

=

where A is a constant.

To verify the relationship, the variation of T with 1
V

 is plotted.
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(i)	 Determine A by drawing the line of best fit.� [3]
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Turn over

(Question 1 continued)

(ii)	 State the units of A.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 The theoretical relationship assumes that the ball is only affected by the  
electric force.

Suggest why, in order to test the relationship, the length of the string should 
be much greater than the distance between the plates.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

08EP05



Physics HL | Paper 1B | Specimen 2025 | Q1 | 12 marks

Apollo | Original source crop | 20

– 6 – 0000 – 6502

/4/PHYSI/HP1/ENG/TZ0/XX

2.	 A group of students investigate the bending of a plastic ruler that is clamped horizontally 
at one end. A weight W attached to the other end causes the ruler to bend. The weight is 
contained in a scale pan.

The students fix the length L of the ruler and vary W. For each value of W, the group 
measures the deflection d of the end of the ruler to which the weight is attached.

L

d

W

(a)	 The group obtains the following repeated readings for d for one value of W.

Reading 1 2 3 4 5 6

d / cm 2.7 2.9 3.6 2.7 2.8 2.9

The group divides into two subgroups, A and B, to analyse the data.

Group A quotes the mean value of d as 2.93 cm.

Group B quotes the mean value of d as 2.8 cm.

Discuss the values that the groups have quoted.� [2]
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