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  

5	 (a)	 An electric car is travelling at a speed of 16.0 m/s.

		  The total mass of the car is 1200 kg.

		  (i)	 Calculate the kinetic energy, in kJ, of the car.
(2)

kinetic energy = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kJ

		  (ii)	 On a journey, the car transfers energy from the battery at an average rate 
of 17.5 kW.

			   The battery in the car transfers a total of 126 MJ of energy before it 
becomes discharged.

			   Calculate the time taken for the battery to become discharged on this journey.

			   Give your answer in hours.
(2)

time taken = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  hours
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		  (iii)	 Figure 10 shows an electrical device connected to the wheels of an 
electric car.

wires to battery

wheel

electrical device

Figure 10

			   The electrical device is used as a motor when the car accelerates and as a 
dynamo when the car decelerates.

			   Explain how using the device can help to increase the time that the car can be 
driven before the battery becomes discharged.

(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  

	 (b)	 The battery can be recharged at a charging point.

		  The charging point provides an average current of 15.0 A to the battery, at a 
potential difference (voltage) of 400 V.

		  It is claimed that 126 MJ of energy can be transferred to the battery in less 
than 6 hours.

		  (i)	 Comment on this claim.

			   Use this equation to support your answer

t = 
E

VI×
(3)

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

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

		  (ii)	 Calculate the total charge that moves into the battery while it is 
being recharged.

			   Use the equation

E = Q × V

(2)

charge = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C

(Total for Question 5 = 11 marks)
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Question 

number 

Answer Additional guidance Mark 

5 (a) (i) selection and substitution 
(1) 

 
(KE =) ½ x 1200 x 16(.0)2 

 
 

(KE =)  
½ x 1200 x 16(.0)2  x 10-3 

 
 

 
 

evaluation in kJ (1) 
 

(KE = ) 150 (kJ) 

 
 

 
accept any value that 

rounds to 150 e.g. 
153.6 

 

 award full marks for 
correct answer without 

working. 
 

 award 1 mark for 153.6 
or 150 to any other 

power of ten 

 

  

(2)
AO2

 

 

 

 

Question 
number 

Answer Additional guidance Mark 

5 (a) (ii)  

 
selection and substitution     

(1) 
 

17.5 (x 103) = 126 (x106)  
                            t              

alternative method 

  
selection and 

rearrangement (1) 
 

(t =)  E(nergy)  
         P(ower)     

or 
 

(t=) 126 (x106) 
      17.5 (x 103) 

 

 

 

re-arrangement and 

evaluation       (1) 
 

(t=) 2(.0) (h) 

(substitution and) 

evaluation (1) 
 

(t=) 2(.0) (h) 
 

award full marks for 
correct answer without 

working. 
 

 allow 1 mark for 7(.2) to 

any power of ten 
(incorrect time 

conversion) 
 

allow 1 mark for 2(.0) to 
any power of 10  

(POT error) 

 

  

(2)
AO2
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Question 
number 

Answer Additional guidance Mark 

5 (a) 

(iii) 

an explanation linking (energy 

transfers when the car is 
decelerating)  

 

 

 

 
 

 
(from) kinetic energy (store) 

(1) 
 

 
 

 
 

 
 

 
 

 
 

 
 

(to) chemical energy (store) 
(1) 

 
idea of energy that 

would be otherwise 
wasted 

 
uses an electrical 

pathway 
 

{electric current / 
electricity / emf} 

produced 
 

allow mechanical for 
kinetic in this context 

 
 

recharges battery 
 
increases available 

energy store of 
battery 

 
more useful energy 

available 
 

 

  

(2)
AO2
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Question 
number 

Answer Additional guidance Mark 

5(b) (i) either calculation of time: 

 
substitution (1) 

 
(t = )      126 (x 106) 

        15 x 400 (x 3600) 

  

 
 

 

evaluation (1) 
 

(t=) 5.8(3) (h) 
 

 
 

 
 

 
 
  

 
 

 
 

 
 

conclusion (1) 
claim is justified as the time is 

less (than 6 hours)  
 

 
 

or calculation of energy: 
 

substitution (1) 
 

6 (x 3600) =       E           
                     15 x 400 
  

rearrangement and evaluation 
(1) 

 
E = 130 MJ 

 
conclusion (1) 

claim is justified as energy (in  
6 hours) is more than (126 MJ) 

required. 

 

 
 

accept correct time 
conversion e.g.  

5h 50 min 
350 min 

21 000 s 
 

award 2 marks for 
correct answer 
without working. 

 
award 1 mark for 

answer of either 2.1 
or 5.8(3) to any other 

power of ten  
 

 

 
 

 
 

 
 

 
 
 

 
 

 
 

    
 

 

 

  

(3)
AO3

allow  relevant 
comment based on 
incorrectly calculated
time  (independent 
mark)

accept  129.6 MJ 
accept 129  600  000  J

allow relevant 
comment based on 
incorrectly  calculated

energy (independent
mark)



MARK SCHEME  ·  Paper 2  ·  June 2023  ·  Q5 ‹  QUESTIONElectromagnetic Induction (13)

11

 

 

 

 

Question 
number 

Answer Additional guidance Mark 

5 (b) (ii)  

substitution  (1) 
 

126 (x 106) = Q x 400  
 

alternative method 

re-arrangement (1) 
 

(Q =)   E  
           V     

 
or 

 
(Q = )  126 (x 106) 

              400 
 

 

 

 
 

re-arrangement and evaluation 

(1) 
 

 
(Q = ) 315 000 (coulombs) 

(substitution and) 

evaluation (1) 
 

 
(Q = ) 315 000 

(coulombs) 
 

accept answers 
rounding to 320 000 
(coulombs) 

 
 

allow one mark for 
answers rounding to 

3.2 to any other 
power of ten 

 
 

award two marks for 
correct answer 

without working. 

  

 

Total 11 marks 

  

(2)
AO2
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