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Mark scheme
Mechanics Year 1 (AS) Unit Test 9: Kinematics 2 (variable acceleration)

	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	1a
	Makes an attempt to substitute t = 0 into 
[image: image1.wmf](

)

2

1

2918

3

vtt

=---

, t ⩾ 0
	M1
	1.1b
	5th

Write displacement, velocity and acceleration as functions of time.

	
	Correctly finds v = 6 (m s−1).
	A1
	1.1b
	

	
	
	(2)
	
	

	1b
	Demonstrates an understanding that the body is at rest when
v = 0. For example,
[image: image2.wmf](
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tt

---=

is seen.
	M1
	3.1b
	5th

Write displacement, velocity and acceleration as functions of time.

	
	Simplifies and then factorises the LHS: (2t + 3)(t – 6) = 0
	M1
	1.1b
	

	
	Correctly finds t = 6 (s).
	A1
	1.1b
	

	
	
	(3)
	
	

	1c
	States that at t = 0 (s), v = 6 (m s−1).
	M1
	1.1b
	6th

Uses differentiation to solve problems in kinematics.

	
	Differentiates 
[image: image3.wmf](
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tt
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	M1
	3.1b
	

	
	then sets 
[image: image4.wmf]dv

dt

= 0 to find maximum.
	M1
	3.1b
	

	
	Correctly finds the velocity at the turning point: v =
[image: image5.wmf]75

8

or 9.375 (m s−1). Accept 9.38 or 9.4 (m s−1).
	M1
	1.1b
	

	
	Concludes that the greatest speed in the given interval is 
[image: image6.wmf]75

8

 or 9.375 (m s−1). Accept 9.38 or 9.4 (m s−1).
	A1
	3.5a
	

	
	
	(5)
	
	

	(10 marks) 

	Notes

1b
Award second method mark for an attempt to use the quadratic formula to find t.


	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	2
	States that differentiation is required or makes an attempt to differentiate. Multiplying an exponent down and reducing the exponent by one would constitute an attempt.
	M1
	3.1b
	6th

Uses differentiation to solve problems in kinematics.

	
	Correctly differentiates 
[image: image7.wmf](
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sttt

=-++

 to get either 
[image: image8.wmf]2
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vtt
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 or 
[image: image9.wmf](
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	M1
	1.1b
	

	
	States or implies that P is at rest when 
[image: image10.wmf]2
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tt
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 or 
[image: image11.wmf](
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	M1
	3.1b
	

	
	Solves to find t = 0.75 and t = 8 by either factorising or using the quadratic formula.
	A1
	1.1b
	

	
	Substitutes t = 0.75 into 
[image: image12.wmf](
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32

1
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 to get s = 
[image: image13.wmf]3159

32

 or 98.71… (m). Accept awrt 98.7 (m).
	M1
	1.1b
	

	
	Substitutes t = 8 into 
[image: image14.wmf](

)

32
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 to get
s =
[image: image15.wmf]466

3

-

or −155.3… (m). Accept awrt −155.3 (m).
	M1
	1.1b
	

	
	Correctly finds the distance between the points as
98.7… + 155.3… = 254... (m). Accept awrt 254 (m).
	A1 ft
	3.5
	

	
	
	(7)
	
	

	(7 marks) 

	Notes

2

Award the final two method marks for a correct substitution using their values for t, and the final accuracy mark for a correct subtraction using their values.


	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	3a
	 Figure 1
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	Correct shape of the graph.
	M1
	3.3
	4th

Use and interpret graphs of velocity against time.

	
	
	t = 5 labelled
	A1
	1.1b
	

	
	
	(2)
	
	

	3b
	t = 5, v = 0
	B1
	1.1b
	6th

Uses differentiation to solve problems in kinematics.

	
	Expands brackets and attempts differentiation. Reducing any power by one is sufficient evidence of differentiation.
	M1
	3.1b
	

	
	Solves 
[image: image17.wmf]2
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 to find t =
[image: image18.wmf]5

.

3

 The expression can be factorised, or the quadratic formula can be used. t = 5 does not have to be seen to award the mark.
	A1
	1.1b
	

	
	Makes an attempt to substitute t =
[image: image19.wmf]5
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into 
[image: image20.wmf](
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For example, 
[image: image21.wmf]2
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is seen.
	M1
	2.2a
	

	
	Correctly finds 
[image: image22.wmf]25

27

v

=

or 0.92… (m s−1). Accept awrt 0.9 (m s−1).
	A1 ft
	1.1b
	

	
	
	(5)
	
	

	(7 marks) 

	Notes

3b
Award the final method mark and the final accuracy mark for a correct substitution using their value for t.


	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	4
	Integrates 
[image: image23.wmf]124

at

=-

 to obtain 
[image: image24.wmf]2

64

vttA

=-+

 Any constant is acceptable.
	M1
	3.1b
	6th

Uses integration to solve problems in kinematics.

	
	Integrates
[image: image25.wmf]2

64

vttA
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 to obtain
[image: image26.wmf]32

22

sttAtB
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. Any constant are acceptable.
	M1
	3.1b
	

	
	Makes an attempt to form a pair of simultaneous equations by separately substituting (1, 2) and (3, 30) into the equation. For example: 
[image: image27.wmf]222

AB

=-++

 and 
[image: image28.wmf]3054183

AB
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 are seen.
	M1
	3.1b
	

	
	Simplifies to obtain a correctly pair of simultaneous equations: 
[image: image29.wmf]2

AB
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 and 
[image: image30.wmf]36

AB

+=-

 are seen.
	M1
	1.1b
	

	
	Solves to find A = −4
	A1
	1.1b
	

	
	Solves to find B = 6
	A1
	1.1b
	

	
	Attempts to make a substitution of t = 2 into 
[image: image31.wmf]32

2246

sttt

=--+


For example, 
[image: image32.wmf](
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 is seen.
	M1
	1.1b
	

	
	Correctly finds s = 6 (m).
	A1 ft
	1.1b
	

	
	
	(8)
	
	

	(8 marks) 

	Notes

4
Award the final method mark and the final accuracy mark for a correct substitution using their values for A and B.


	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	5
	Makes an attempt to integrate 
[image: image33.wmf](
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Raising power by one would constitute an attempt.
	M1
	3.1b
	6th

Uses differentiation to solve problems in kinematics.

	
	Correctly finds 
[image: image34.wmf]34
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 Note that C = 0.
	A1
	1.1b
	

	
	Makes an attempt to integrate
[image: image35.wmf]34
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. Raising power by one would constitute an attempt.
	M1
	3.1b
	

	
	Correctly finds 
[image: image36.wmf]45
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. Note that C = 0.
	A1
	1.1b
	

	
	Substitutes t = 10 into 
[image: image37.wmf]45
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 to obtain 
[image: image38.wmf]70

3

s
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(m). Accept awrt 23.3 (m).
	A1 ft
	1.1b
	

	
	
	(5)
	
	

	(5 marks) 

	Notes

5

Award the final accuracy mark for a correct substitution using their equation for displacement.


	Q
	Scheme
	Marks
	AOs
	Pearson Progression Step and Progress descriptor

	6a
	Makes an attempt to substitute t = 25 into
[image: image39.wmf]2
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.

For example
[image: image40.wmf](
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s
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 is seen.
	M1
	1.1b
	5th

Use equations of motion to solve problems in unfamiliar contexts.

	
	Correctly states that AB = 500 (m). Accept s = 500 (m).
	A1
	1.1b
	

	
	
	(2)
	
	

	6b
	Differentiates 
[image: image41.wmf]2

300.4

stt
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to obtain 
[image: image42.wmf]300.8

vt

=-


	M1
	3.1b
	6th

Solve problems using calculus and the equations of motion.

	
	Differentiates 
[image: image43.wmf]300.8

vt

=-

to obtain 
[image: image44.wmf]0.8
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	M1
	3.1b
	

	
	States that
[image: image45.wmf]0.8

a

=-

(m s−2) is a constant as it does not depend on t.
	A1
	3.5a
	

	
	
	(3)
	
	

	6c
	States distance of the car from point A is 
[image: image46.wmf]2
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	M1
	3.3
	6th

Solve problems using calculus and the equations of motion.

	
	u = 2 and a = 0.1 and an attempt to use 
[image: image47.wmf]2
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2

sutat
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 is seen.
	M1
	3.3
	

	
	States distance of the runner from point B is 
[image: image48.wmf]2
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	M1
	1.1b
	

	
	States that the runner and the car will pass each other when their distances total 500 (m), or writes 
[image: image49.wmf]12
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(m)or writes 
[image: image50.wmf]22
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	M1
	3.3
	

	
	States that 
[image: image51.wmf]2

0.35325000
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or equivalent.
	A1
	1.1b
	

	
	Solves to find t = 20 (s). Answer does not need to state that t = 
[image: image52.wmf]500

7

or 71.4… (s) is not in the given range.
	A1
	1.1b
	

	
	Makes an attempt to substitute t = 20 into 
[image: image53.wmf]2
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 or 
[image: image54.wmf]2
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	M1
	1.1b
	

	
	Correctly states they will pass each other 440 (m) from A or 60 (m) from B.
	A1 ft
	3.5a
	

	
	
	(8)
	
	

	(13 marks) 

	Notes
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