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2 A helium atom may be modelled as a nucleus surrounded by two electrons in diametrically 
opposite circular orbits, each of radius 170 pm, as shown in Fig. 2.1.

170 pm

electron electron

orbit of electrons

nucleus

    Fig. 2.1

 (a) State Coulomb’s law.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (b) (i) State the charge on the nucleus, in terms of the elementary charge e.

 charge =  ....................................................... e [1]

  (ii) Show that the electric force between the nucleus and one of the electrons is 1.6 × 10–8 N.

 [1]
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 (c) Assume that the force in (b)(ii) is the only force on the electrons.

  (i) Calculate the speed of the orbiting electrons.

 speed =  ................................................  m s–1 [2]

  (ii) Calculate the period of the orbit of the electrons.

 period =  ....................................................... s [2]

 (d) In practice, the orbit of each electron is affected by the presence of the other electron.

  (i) For the position of one of the electrons, determine the ratio

electric field strength due to the other electron
electric field strength due to the nucleus  

.

 ratio =  .........................................................  [2]

  (ii) Use your answer in (d)(i) to suggest and explain how the orbit of the electron is affected 
by the presence of the other electron.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 [Total: 11]
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2 A helium atom may be modelled as a nucleus surrounded by two electrons in diametrically 
opposite circular orbits, each of radius 170 pm, as shown in Fig. 2.1.

170 pm

electron electron

orbit of electrons

nucleus

    Fig. 2.1

 (a) State Coulomb’s law.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (b) (i) State the charge on the nucleus, in terms of the elementary charge e.

 charge =  ....................................................... e [1]

  (ii) Show that the electric force between the nucleus and one of the electrons is 1.6 × 10–8 N.

 [1]

* 0000800000006 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

3

A-Level Physics: s25 43Name: 7

9702/43/M/J/25© UCLES 2025 [Turn over

 (c) Assume that the force in (b)(ii) is the only force on the electrons.

  (i) Calculate the speed of the orbiting electrons.

 speed =  ................................................  m s–1 [2]

  (ii) Calculate the period of the orbit of the electrons.

 period =  ....................................................... s [2]

 (d) In practice, the orbit of each electron is affected by the presence of the other electron.

  (i) For the position of one of the electrons, determine the ratio

electric field strength due to the other electron
electric field strength due to the nucleus  

.

 ratio =  .........................................................  [2]

  (ii) Use your answer in (d)(i) to suggest and explain how the orbit of the electron is affected 
by the presence of the other electron.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 [Total: 11]
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4 (a) State Coulomb’s law.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (b) A charged sphere X is supported on an insulating stand. A second charged sphere Y is 
suspended by an insulating thread so that sphere Y is in equilibrium at the position shown in 
Fig. 4.1.

0.080 m

sphere X
charge +96 nC

vertical
line

thread

stand

sphere Y
charge +64 nC

1.2 m

Fig. 4.1

  The charge on sphere X is +96 nC and the charge on sphere Y is +64 nC.
  Assume that the spheres behave as point charges.

  The length of the thread is 1.2 m and the centres of sphere X and sphere Y are separated 
horizontally by a distance of 0.080 m.

5
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  (i) On Fig. 4.2, draw and label all the forces acting on sphere Y.

Fig. 4.2

 [1]

  (ii) Determine the mass of sphere Y.

 mass =  ....................................................  kg [4]

  (iii) Calculate the total electric potential energy stored between X and Y.

 energy =  ......................................................  J [1]

6
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 (c) An electron enters the region between two parallel plates P and Q, that are separated by a 
distance of 18 mm, as shown in Fig. 4.3.

18 mm

path of
electron

plate P +250 V

plate Q

Fig. 4.3

  The space between the plates is a vacuum.
  The potential difference between the plates is 250 V. The electric field may be assumed to be 

uniform in the region between the plates and zero outside this region.

  (i) State the direction of the electric force on the electron when between the plates.

 .....................................................................................................................................  [1]

  (ii) Determine the magnitude of the force acting on the electron due to the electric field.

 force =  .....................................................  N [2]

  (iii) Explain why the electron does not follow a circular path.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 [Total: 12] 
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