FREE SAMPLE: THE FIRST QUESTION

Question One (9 marks)

(a) Two parallel metal plates 0.0400 m apart have a potential difference of 250 V between them,
giving a uniform electric field. An electron is released from rest at the surface of the plate that
repels it, and accelerates across the gap.

(i) Calculate the electric field strength between the plates.
(i) Calculate the force on the particle and its acceleration.

(i) Calculate the speed with which it reaches the other plate. (Charge of the particle 1.60 x
10719 C; mass 9.11 x 10731 kg.)

[5 marks]

(b) A small sphere carrying a charge of 3.00 x 107¢ C and a mass of 2.00 x 1073 kg is in a uniform
electric field of strength 4000 V m™. It is released from rest and moves 0.120 m along the field
direction.

(i) Calculate the force on the sphere.
(i) Calculate the work done on the charge by the field, and the gain in kinetic energy.
(iii) Calculate the speed of the sphere after moving 0.120 m. Ignore gravity.

[4 marks]
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THE WORKED ANSWER TO THAT QUESTION

Question 1 (9 marks) [Electric fields]

(a) Two parallel metal plates 0.0400 m apart have a potential difference of 250 V between them, giving a
uniform electric field. An electron is released from rest at the surface of the plate that repels it, and
accelerates across the gap. (i) Calculate the electric field strength between the plates. (ii) Calculate the
force on the particle and its acceleration. (iii) Calculate the speed with which it reaches the other plate.
(Charge of the particle 1.60 x 1071° C; mass 9.11 x 10731 kg.)

(a) Answer: (i) 6250 V. m™; (ii) 1.00 x 107*s N and 1.10 x 10*s m s72; (iii) 9.37 x 10¢ m s™
« Evidence level: Excellence (link field, force, acceleration and energy; use energy conservation for the
final speed).
* (i) E=V/d =250 + 0.0400 = 6250 V m™.
o (i) F=Eg=6250 x 1.60 x 1072 =1.00 x 102 N. a = F/m = 1.00 x 10715 + 9.11 x 10731 = 1.10 x 1015
m s2.
« (iii) The work done on the charge by the field, qV = 1.60 x 10719 x 250 = 4.00 x 1077 J, becomes
kinetic energy: ¥2mv2 = gV.
e v =v(2qV/m) =V(2 x 4.00 x 10717 + 9.11 x 10731) = 9.37 x 106 m s’L.

KEY TAKEAWAY

Charge between plates: E = V/d, F = Eq, a = F/m, and the work done gV equals the kinetic energy
gained, so v = V(2qV/m); lighter particles reach much higher speeds.

(b) A small sphere carrying a charge of 3.00 x 1076 C and a mass of 2.00 x 1073 kg is in a uniform
electric field of strength 4000 V m™. It is released from rest and moves 0.120 m along the field direction.
(i) Calculate the force on the sphere. (ii) Calculate the work done on the charge by the field, and the gain
in kinetic energy. (iii) Calculate the speed of the sphere after moving 0.120 m. Ignore gravity.

(b) Answer: (i) 0.0120 N; (ii) 1.44 x 1072 J; (iii) 1.20 m s™
« Evidence level: Merit (use F = Eq, work = Fd (or Ep = Eqd) and energy conservation).
* (i) F=EqQ =4000 x 3.00 x 1076 = 0.0120 N.
e (ii) W =Fd =0.0120 x 0.120 = 1.44 x 1072 J, which equals the gain in kinetic energy.
o (ii) Yamv2 =1.44 x 103 J,sov=V(2x 1.44 x 103+ 2.00 x 103 =1.20 ms™..

KEY TAKEAWAY

Work on a charge in a uniform field: F = Eq and W = Fd = Eqd; with no other forces this becomes
kinetic energy ¥2mv2.

LOS: Electric fields (91173)
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