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Ch. 11: Variable Acceleration

June 2023 Question 3

3. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
A fixed point O lies on a straight line.

A particle P moves along the straight line such that at time 7 seconds, ¢ > 0, after
passing through O, the velocity of P, vms ', is modelled as

v=15-1-2t

(a) Verify that P comes to instantaneous rest when ¢ = 3

(1)
(b) Find the magnitude of the acceleration of P when ¢ = 3

3)
(c) Find the total distance travelled by P in the interval 0 <7< 4

(4)
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ANSWER
3(a) 15-37—2x3=0* B1* 1.1b
(1)

3(b) Differentiate v wrt t M1 2.1
-2t-2 Al 1.1b
8(ms™) A1 1.1b

(3)

3(b) Differentiate v wrt t M1 2.1
-2t-2 Al 1.1b
8(ms™) Al 1.1b

(3)
3(c) Integrate vw.r.t. t M1 1.1b
s
15¢——¢ -t Al 1.1b
3
1 ’ 1 !
Total distance = | 15¢ ——#> —¢#* | =15t —=£* —¢2
3 0 3 3
OR 5.+ (5,-5,) M1 3.1a
where s, means the value of their integral when t = 3.
N.B. Allow the negative of this.
4
fad (m) Al 1.1b
3
(4)
(8 marks)
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June 2022 Question 3

3. A fixed point O lies on a straight line.
A particle P moves along the straight line.

At time ¢ seconds, ¢ = 0, the distance, s metres, of P from O is given by

1, 5.
s==t =1 +61
T30 )

(a) Find the acceleration of P at each of the times when P is at instantaneous rest.

(6)
(b) Find the total distance travelled by P in the interval 0 < ¢t < 4
3)
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ANSWER
Question Scheme Marks | AOs
3(a) Differentiate s wrt ¢ M1 3.1a
(v=)1"-5t+6 Al L.1b
Equate their v to 0 and solve M1 1.1b
t=2 or 3 Al 1.1b
(a=) 2t-5 Blft 2.1
a= land =1 (ms™) isw (AO if extras) Al 1.1b
(6)
(b) Attempt to find values of s fort =2, 3 and 4 oc DM1 | L.1b
Correct values are [sg =E,.v.~3 _2 and s, = E]
3 2 3
Could be implied by correct values for:
s, , (s, —s,)and (s, —s,) which are E (—i) and E
T ' 3 6 6
Total distance travelled
=5, +(5, —5,)+5, -5, M1 2.1
OR s, —(s;—5,)+5, -5,
2 3 4
OR |:iz3 _3p +6r} —Pr” _3p +6r} J{ir“ —E:‘2 +ﬁr}
3 2 , L3 2 , L3 2 5
OR 14 - (—l) + 3
3 6
OR 5, +2(s,—s5,)+5,—5,
(=2s,-2s,+5,) oc
5% oe (m) Accept 5.7 or better Al 1.1b
3)
(9 marks)

Video solution:
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https://youtu.be/RXP38AEYsw8

November 2021 question 2

2. A particle P moves along a straight line.

At time ¢ seconds, the velocity vms™ of P is modelled as
v=10t—-*—k =0

where £ is a constant.

(a) Find the acceleration of P at time ¢ seconds.

The particle P is instantaneously at rest when 1 = 6

(b) Find the other value of t when P is instantaneously at rest.

(c) Find the total distance travelled by P in the interval 0 <7< 6
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https://youtu.be/RXP38AEYsw8

ANSWER
2(a) Differentiate v w.r.t. ¢ Ml 3.1a
a=@=10—2t isW Al 1.1b
dr

2)
2(b) Solve problem using v=0 when ¢ =6 M1 3.1a
0=10r—¢"-24 Al | LIb
Solve quadratic oe to find other value of ¢ M1 1.1b
t=4 Al 1.1b

(4)
2(c) Integrate v or -v w.r.t.{ MI 3.la

1
5:2—?3-24: Al | LIb
1 ) 1 ’
Total distance = — {51*2 ——r'- 24;} ~ [5:2 -=r- 24:] Ml | 21
3 B 3 "
116 (m) Al 1.1b
3

4)

(10 marks)
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November 2020 question 3

3. A particle P moves along a straight line such that at time ¢ seconds, ¢ = 0, after leaving
the point O on the line, the velocity, vms™', of P is modelled as

v=(7-20)t+2)

(a) Find the value of ¢ at the instant when P stops accelerating.

4

(b) Find the distance of I’ from O at the instant when I* changes its direction of motion.
(3)

In this question, solutions relying on calculator technology are not acceptable.

Arancha Ruiz
Copyriah-i 2023 © Better your Maths



ANSWER
Question Scheme Marks | AOs
3(a) v=3t-2r" +14 and differentiate M1 3.1a
a=$=3—4§ or (7—2f)—2(t+2) using product rule Al 1.1b
3—4r =0 and solve for ¢ Ml 1.1b
== oe Al 1.1b
4
3(b) Solve problem using v =10 to find a value of [r = %) M1 3.1a
v=23¢-2¢ +14 and integrate Ml 1.1b
2 3
s=oL 20 i Al | L1b
2 3
: 7. . : o
Substitute ¢ = > into their s expression (MO if using suvar) M1 1.1b
§= E=3»8£=3';8.?"3’166..{1‘1‘1}1 Accept 39 or better Al 1.1b
24 24
(3)
(9 marks)

Video solution:

https://youtu.be/BvgzBBXwnmU
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https://youtu.be/BvgzBBXwnmU

June 2019 question 3

3. A particle, P, moves along a straight line such that at time ¢ seconds, ¢ = 0, the velocity of P,

yms', is modelled as

Find

v=12+4r—¢

(a) the magnitude of the acceleration of P when P is at instantaneous rest,

(b) the distance travelled by P in the interval 0 <1 <3

(3

3

ANSWER
Question Scheme Marks | AOs Notes
3(a) Equating v to 0 and solving the quadratic
v=12+41—1*= 0 and solving M1 3.l1a | If no evidence of solving, and at least one answer
wrong, M0
t=6(or-2) Al 1.1b | 6 but allow -2 as well at this stage
Differentiate v wrt ¢ M1 1.1a | For differentiation (both powers decreasing by 1)
Cao; onl ed RHS
(a=ﬁ=)472r Al L1p | Caos only ne
dt
Substitute in ¢ = 6 and get 8 (m s72) as the answer .
When ¢ =6, a = - 8; Magnitude is 8 (m s *) Al 1.Ib | Must be positive.
(A0 if two answers given)
(3
) Integrate v wrt ¢ M1 3.1a | For integration (at least two powers increasing by 1)
1 Correct expression (ignore () only need RHS
=)N2+207 — =P (+C
(s=) 3 +0) Al Lo Must be used in part (b)
t=3 = distance =45 (m) Al 1.1b | Correct distance. Ignore units
3
(8 marks)
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June 2018 Question 8

8. A particle, P, moves along the x-axis. At time ¢ seconds, ¢ = 0, the displacement,

x metres, of P from the origin O, is given by x = %rz{.{z -2t+1)

(a) Find the times when P is instantaneously at rest.
(b) Find the total distance travelled by P in the time interval 0 < 1 < 2

(c) Show that P will never move along the negative x-axis.
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ANSWER
8(a) Multiply out and differentiate wrt to time (or use of product rule i.e. M1 11a
must have two terms with correct structure) '
v=2 -3+t Al 1.1b
28 —3t* +t=0and solve: 1(2t—1)(t—-1)=0 DMI1 | 1.1b
t=0 or r=% or t=1; any two Al 1.1b
All three Al 1.1b
(3)
(®) | Findxwhent=0, — . 1and2: 0, =—,0,2) Ml | 21
2 32
Distan e—L+l+2 M1 2.1
TR '
ZE (m)oe or 2.06 or better Al 1.1b
3
(c) 1 2 2
xzif (1-1) M1 3.]a
%perfect square so x = 0 i.e. never negative Alcso | 24
(2)
(10 marks)
Arancha Ruiz

Copyrigh’r 2023 © Better your Maths
12



