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Ch. 8: Further Kinematics
June 2023 Question 4

4. [In this question, i and j are horizontal unit vectors and position vectors are given
relative to a fixed origin O]

A particle P is moving on a smooth horizontal plane.

The particle has constant acceleration (2.4i + j)ms "

At time 7 = 0, P passes through the point 4.

At time ¢ = 55, P passes through the point B.

The velocity of P as it passes through 4 is (~16i — 3j)ms "'
(a) Find the speed of P as it passes through B.

4)
The position vector of 4 is (44i — 10j)m.
At time ¢ = T seconds, where 7 > 5, P passes through the point C.
The position vector of C is (4i + ¢j)m.
(b) Find the value of 7.

3)
(c) Find the value of c.

3)
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ANSWER
Question Scheme Marks | AOs
4(a) vy =(=16i-3j)+5(2.4i+j) M1 3.4
v, =(—4i+2j) Al 1.1b
J(=4)? +22 M1 | 3.1a
J20 = 245, 4.5 0or better (ms™') Al 1.1b
(4)
a(b) Using A as the initial position:
r. =vAt+lar2 +r, wheret=T
(4i+cj) =(—]6i—3j)T+%(2.4i +j)T2 +(44i—-10j)
4 -16 1(24)_, 44
OR = T+— T +
c -3 201 -10
Equating i-components, to give a quadratic equation in T only. Allow t M1 31a
instead of T.
N.B. Allow omission of 44 for this M mark.
Also allow +4 but MO if 4 is not used at all
ie. 4=-16T+ %x 24T scores M1A0AQ
4=—16T+%x2‘4T2+44 Al 1.1b
(T=)10 Al 1.1b
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4(c)

Equating j-components, with their value of T or t substituted, to give
an equation, which must have a square term, in c only.

N.B. Allow *c in their equation.
(N.B. Allow omission of —10 or their —12.5 for this M mark

i.e. ifusing A as initial position
c=(-3x10) +%><1><102 scores M1MOAO

OR
if using B as initial position

c=(2x 5)+%x 1x5*  scores M1IMOAO)

M1

2.1

if using A as initial position

c= (—f’)xlﬂ)+%><l><102 +(-10)

N.B. Allow ¢ and/or £(—10) in their equation
OR

if using B as initial position
c={2><5)+%><1><52 +(—12.5)

N.B. Allow ¢ and/or £(—12.5)in their equation

M1

1.1b

c=10

Al

1.1b

(3)

(10 marks)

June 2023 Question 3
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3. Attime ¢ seconds, where ¢ > 0, a particle P has velocity vins™ where
v=(© -3t+ i+ @2 -3)j
Find

(a) the speed of P at time =0
(b) the value of # when P is moving parallel to (i + j)
(c) the acceleration of P at time ¢ seconds

(d) the value of t when the direction of the acceleration of P i1s perpendicular to i
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ANSWER
1 )
3(a) 7i—3j seen or implied by Pythagoras Bl 1.1b
Use Pythagoras: /7% +(=3)’ M1 3.1a
V38, 7.6 or better (ms™) Al | 1.1b
(3)
M | yi7-20-3 or LT 1 M1} 21
2°-3 1
t=2only Al 1.1b
(2)
3(c) Differentiate v wrt t to give a vector. M1 3.1a
3(c) Differentiate v wrt t to give a vector. M1 3.1a
(2t -3)i+44j Al 1.1b
()
3(d) 2t-3=0 M1 3.1a
t=15 Al | 11b
()
(9 marks)
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June 2022 Question 1

1. [1n this question, position vectors are given relative to a fixed origin.]
At time  seconds, where ¢ > 0, a particle P has velocity vms ' where
1

v = 32% - 6%

(a) Find the speed of P at time ¢ = 2 seconds.

(2)
(b) Find an expression, in terms of ¢, i and j, for the acceleration of P at time ¢ seconds,
where 1 > 0
(2)
At time ¢ = 4 seconds, the position vector of P is (i — 4j)m.
(c) Find the position vector of P at time ¢ = | second.
(4)
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ANSWER

1(a) Put 7= 2 in v and use Pythagoras: /12 +(~6+/2) Mi 3.1a
V216.64/6 or 15orbetter (ms ') Al | Llb

@)
1(b) Differentiate v wrt 7 to obtain a Ml 34

1

66i-3t 2j oe(ms?) isw Al | LIb

@)
1(c) Integrate v wrt f to obtain r Ml 34

3
r=r'i-42j (+C) Al | L1b
3

(i-4j) =4%i-4x47j +C ML | 3.1a
(—62i+24j) (m) isw e.g. if they go on to find the distance. Al 1.1b

“)
(8 marks)

Video solution:

https://youtu.be/hgMrE749ZI1U
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https://youtu.be/hqMrE749ZlU

June 2022 Question 3

3. [In this question, i and j are horizontal unit vectors.]
A particle P of mass 4 kg 1s at rest at the point 4 on a smooth horizontal plane.

At time ¢ = 0, two forces, F = (4i — )N and F, = (4i + uj)N, where 4 and u are
constants, are applied to P

Given that P moves in the direction of the vector (3i + )

(a) show that

A=3u+T7=10 @)
At time [ = 4 seconds, P passes through the point B.
Given that /=2
(b) find the length of AB.
(3)
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ANSWER
Question Scheme Marks AOs
3(a) (di— )T (Ai+pj)= (4+ADi+(=1+ 0] Ml 34
Use ratios to obtain an equation in A and g only M1 2.1
1
(4+4) 3 Z(4+;~) 3
T or == Al | L1b
-1+ 1 1
Cl+a) Lerem !
4
A-3u+7=0*% Allow 0=2-34+7 butnothingelse. | Al* 1.1b
4)
(b) A =2=> p =3 ; Resultant force = (6i + 2j) (N) Ml 3.1a
(6i +2j) = 4a OR (61 +2j)|=4a Ml | 1.1b
Useof r=uz +la;2 withu =0, theiraand =4 :
2 DM
Or they may integrate their a twice withu =0 and put =4 : 21
r =%x@42 = (12i + 4j)
J12% + 4 MI 1.1b
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ALTERNATIVE 1 for last two M marks:

Use of _5'=u{+%a12,With =0, theirgandr=4: DM1
5= %xv‘l.f +0.5* %47
Use of Pythagoras to find magofa: a= ~\.|'l.52 +0.5° Ml
ALTERNATIVE 2 for last two M marks:
Uscof_5-=1¢1+%a:2,withu=0,thciraandr=4: DMI1
1 (N6r+28 |
§=—X x4
2 4
Use of Pythagoras to find ‘(6i +2j)|: =6 +2’ M1

M, 2@, 4@ oe or 13 or better (m)

Al 1.1b

S

(9 marks)
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November 2021 question 1

1. A particle P moves with constant acceleration (2i — 3j)ms™
At time ¢ = 0, P is moving with velocity 4ims™

(a) Find the velocity of P at time 1 = 2 seconds.

At time ¢ = 0, the position vector of P relative to a fixed origin O is (i + j)m.

(b) Find the position vector of P relative to O at time ¢ = 3 seconds.
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ANSWER
Question Scheme Marks AOs
Useof v=u+ar with r=2: v=4i+2(2i-3j
1(a) ‘ _ @@= Ml | 3.1a
OR integration: v= (2i-3j)+4i,withr=2
v =8i-6j Al 1.1b
(2)
1(b) Use of r=ur+%m‘2 atr=3:
{i+j}+|:3x4i+%x(2i—3j)x32:|
OR: find v atr=3: 4i+3(2i—3j) = (10i - 9j)
then use r=%(n+v)1
o lp . .
(1+_|}+{5[41+(11}1-9])]><3} M1 3.1a
1
or r=vi——at
2
(i+j}+|:3><(10i—9j}—%x(2i—3j}x32]
OR integration: r = (i+j}+[{2i-3j)%r2 +4ri:| , with7=3
r=22i—12.5j Al 2.2a
(2)
(4 marks)
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November 2021 question 5

5. At time ¢ seconds, a particle P has velocity vms™', where

1
2

v=32i-2tj >0

(a) Find the acceleration of P at time ¢ seconds, where t > 0
(b) Find the value of ¢ at the instant when P is moving in the direction of i — j

At time ¢ seconds, where ¢ > (), the position vector of P, relative to a fixed origin O,
is r metres.

Whent=1,r=—j

(c¢) Find an expression for r in terms of 1.

(d) Find the exact distance of P from O at the instant when P is moving with
speed 10ms!
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ANSWER

Question Scheme Marks | AOs
Allow column vectors throughout this question

5(a) Differentiate v wrt ¢ M1 3.1a

%r"”i—ij isw Al | Llb
2)
5(b) 37 =21 MI 2.1
Solve for ¢ DM l.1b
9
=7 Al | L1b
3)

S(c) Integrate v wrt ¢ M1 3.1a
r=2%i—1%j(+C) Al | L1b
t=l,r=_j=>C=-2i so r=2ri—-r’j-2i Al | 22a

3)

S(d) NGO +20 =10 or (3F) + (2t =10 M1 | 21
9t + 4t =100 M(A)]l | L.1b
t=4 Al | L1b
r=14i-16j ML | Lib
J147 4 (-16) Ml | 3.la
V452 (2113)(m) Al I.1b

(6)
(14 marks)
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October 2020 question 2

2. A particle P moves with acceleration (4i — 5j)ms™
At time f = 0, P is moving with velocity (—2i+ 2j)ms™'

(a) Find the velocity of P at time { = 2 seconds.

(2)
At time ¢ = 0, P passes through the origin O.
At time ¢ = T seconds, where T > 0, the particle P passes through the point 4.
The position vector of 4 i1s (Ai — 4.5j)m relative to O, where X is a constant.
(b) Find the value of T.

4)
(c) Hence find the value of L

(2)
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ANSWER
Question Scheme Marks @ AOs
2(a) Use of V=U+al or integrate to give: v=(-2i+2j)+2(4i—5j) Ml 3.1a
(6i—8j)(ms™) Al | L1b
)
2(b) Solve problem through use of r = ur +%m2 or integration
(MO if u = 0) Ml | 3.1a
Or any other complete method egusev=u+aland r = (u+WT,
_4_5j:2;j—%:35j (j terms only) Al 1.1b
The first two marks could be implied if they go straight to an
algebraic equation.
Attempt to equate j components to give equation in 7 only
{—4.5:2]"—%1"2) MI 2.1
=138 Al I.1b
“4)
2(c) Solve problem by substituting their 7" value (MO if T < 0) into the
i component equation to give an equation in Zonly:
M1 3.1a
A=2T+-T x4
2
72
A =29o0r2.88 or — oe Al 1.1b
25
2)
Notes: Accept column vectors throughout (8 marks)
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October 2020 question 3

3. (1) At time ¢ seconds, where ¢ = 0, a particle P moves so that its acceleration ams™
is given by

a=(1-4i+(3-1))
At the instant when ¢ = 0, the velocity of P is 36ims™

(a) Find the velocity of P when 1 =4

)

(b) Find the value of ¢ at the instant when P is moving in a direction

perpendicular to i
3)
(11) At time ¢ seconds, where ¢ = 0, a particle O moves so that its position vector
r metres, relative to a fixed origin O, 1s given by
r=(—1)i+3tj

Find the value of ¢ at the instant when the speed of 0 i1s Sms™!

(6)
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ANSWER
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Question Scheme Marks AOs

3(i)(a) Integrate a wrt ¢ to obtain velocity M1 34
v=[r—2r2}i+[3r—§zs)j (+C) Al | Llb
Si—?j (ms™) Al | Llb

3)

3(i}(b) Equate i component of v to zero M1 3.1a
=2 +36=0 Alft 1.1b
t=4.5 (ignore an incorrect second solution) Al 1.1b

&)
3(ii) Differentiate r wrt to ¢ to obtain velocity Ml 34
v=(2t—1)i+3j Al | Llb
Use magnitude to give an equation in f only M1 2.1
(212 +32 =5 Al | L1b
Solve problem by solving this equation for ¢ M1 3.1a
t=25 Al 1.1b
©)
(12 marks)

19



June 2019 question 1

1. [In this guestion position vectors are given relative to a fixed origin (]

At time 7 seconds, where ¢ = 0, a particle, P, moves so that its velocity vms™
is given by
2
v = 6 — 5%

When 1= 0, the position vector of P is (—20i + 20j)m.

(a) Find the acceleration of P when t =4

3)
(b) Find the position vector of P when = 4
3)
ANSWER
1(a) Differentiate v M1 l1.1a
15 3.
(=)6i——1"] Al -
=6i—-151 -2
6i—15j (ms™) Al -
3)
1(b) Integrate v MI 1.1a
5 1.1b
(r =](rﬁ)+3.t‘2i—2t’-j Al
=(~20i+20j) +(48i - 64j) = 28i —44j (m) Al 2.2
(3)
(6)
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June 2019 question 2

2. Aparticle, P, moves with constant acceleration (2i — 3j)ms™

At time ¢ = 0, the particle is at the point 4 and is moving with velocity (—i + 4j)ms™

At time ¢ = T seconds. P is moving in the direction of vector (3i — 4j)

(a) Find the value of T"

4)
At time f = 4 seconds, P is at the point B.
(b) Find the distance AB.
(4)
ANSWER
Question Scheme Marks | AO
2(a) _ T

(v=)C+(2i-3j)r M 13a
(v=)(—i+4j)+(2i-3j)1 Al I.1b
4-3r -4 3.1a

=— Ml

1427 3 O

T=8 Al L.1b

4
(b) (s=)Cr+(2i—3j)%r2 (+ D) Ml |[3.1a

1
{s=}(—i+4j}r+5{2i—3j}t2 (+D) Al 1.1b
AB=12° 1§’
N.B. Beware you may see 4(2i — 3j) which leads to Ml 3.1a
(8 +12%)  this is MOAOMOAO.

= 4413(=14.422051....) (m) Aleso | 1.1b

“4)

(8)
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June 2018 Question 6

6. At time ¢ seconds, where ¢ > 0, a particle P moves in the x-y plane in such a way that its
velocity vms™' is given by

1
v=12i—44

When 7= 1, P is at the point 4 and when ¢ = 4, P is at the point B.

Find the exact distance AB.

(6)

ANSWER

Question Scheme Marks | AOs
6. Integrate v w.r.t. time M1 l.1a
r=2r-2% (+ Q) Al | Llb
Substitute = 4 and ¢ = 1 into their r M1 1.1b
t=4,r=4i-32j(+ C); t=Lr =2i-2j(+ C) or (4.-32); (2,-2) Al L.Ib
V22 +(=30) Ml 1.1b
Jo04 =2.226 Al 1.1b

(6)
(6 marks)
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