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1.  [In this question, position vectors are given relative to a fixed origin.]

 At time t seconds, where  t � 0 , a particle P has velocity v m s–1 where

v = 3t2i – 6t
1

2 j

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

 (b) Find an expression, in terms of t, i and j, for the acceleration of P at time t seconds, 
where  t � 0

(2)

 At time t = 4 seconds, the position vector of P is (i – 4j) m.

 (c) Find the position vector of P at time  t = 1 second.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

v

a when t 2 V 3831 Ye
speed mag of velocity

12 t C 652112

144 3612

144 t 72

V27 14 7 Ms

b acceleration is the derivative of
velocity
a dy tats
Gt I 3g I
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Question 1 continued
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(Total for Question 1 is 8 marks)

c t e position vector

Displacement ji velocity dt
We Just integrate each component

displacement at

Itf Gttdt

s t 3 t C
at to

use when t s 4 position y fitahis
f 43 t c c and s

4 4 E t Cz

equate components
1 64 t Ci 4 4187 62

I 63 C2 28
sub these back into the displacement
so position s t 3 63

4 3 28
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Question 1 continued
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(Total for Question 1 is 8 marks)

sub in t s i

position t 63
2,624 28

621 241
Way 2

Displacement s 13th at
Gt

Is
Displacement position at time t e

position at time t I

1 fi I
G f Eg 6214295
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2. 

Į

B
X N

Figure 1

 A rough plane is inclined to the horizontal at an angle Į, where  tan Į = 
3

4

 A small block B of mass 5 kg is held in equilibrium on the plane by a horizontal force of 
magnitude X newtons, as shown in Figure 1.

 The force acts in a vertical plane which contains a line of greatest slope of the inclined 
plane.

 The block B is modelled as a particle.

 The magnitude of the normal reaction of the plane on B is 68.6 N.

 Using the model,

 (a) (i) find the magnitude of the frictional force acting on B,
(3)

  (ii) state the direction of the frictional force acting on B.
(1)

 The horizontal force of magnitude X newtons is now removed and B moves down 
the plane.

 Given that the coefficient of friction between B and the plane is 0.5

 (b) find the acceleration of B down the plane.
(6)
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Note 68.6Doesn't matter
which directionwe use for friction 2MThe maths from y

thas

resolving will tell V25Us if correct If
negative answer for F it

5 0

5
3

means goingopposite to direction chosen

at
68 6NB X 68.6Mt

Twist
X axis

of A FITof I

5g 5g

⇒ 
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Question 2 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

resolve diagonalforces into 68.6 a

horizontal xsing
Vertical tag

c

components
Sgsind

Sgcosa

Let's resolve in the horizontal and
vertical directions since we have forces
in these directions
Resolve perpendicularT Follow the template F ma given tana
R Xsina 5g Cosa 51014 Build triangle

movement usepythag
68.6 3 5915 00 direction

3 X 68 6 4g
3

4

3X 29.4

X 49 N

Resolve parallel
follow the template F ma
Cosa sq Sina F 510

t 5913 t o

squiiiiiioim49 3 3g F o

Fs 3g 19 9.8 Magnitude is 9.8N

⇒ 
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Question 2 continued
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ii It acts down the plane we know
this since we chosen down the
plane as our positive sense and
our answer for F was positivewhich means going in same direction
to positive sense chosen
b Re resolve perpendicular parallel againbut this time without the force x

Ike's'genetisaularis
R 5g Cosa

59 I
4g
39.2 N

Parallel Take down the plane as positive
4 5g sins F 59 sense now

5913 F sat we now have
acceleration

3g F 559
We also Know F MR

O 5139.2 19 G N
becomes 3g 19 6 59

59 98
9 1 96 MS 2
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3.  [In this question, i and j are horizontal unit vectors.]

 A particle P of mass 4 kg is at rest at the point A on a smooth horizontal plane.

 At time t = 0, two forces,  F1 = (4i – j) N  and   F2 = (Ȝi + ȝj) N , where Ȝ and ȝ are 
constants, are applied to P

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

 (a) show that

Ȝ – 3ȝ + 7 = 0
(4)

 At time  t = 4 seconds, P passes through the point B.

 Given that  Ȝ = 2

 (b) find the length of AB.
(5)
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Fi fi I
u

Resultant g tf

moves in the direction means parallel
to

so 114 is parallel to 3 hence a

multiple of This means

It
at E
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Question 3 continued
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equate components
At 4 3k 12 739
M I K

Both expressions are equal to k so we
can set them equal

71g su I

7 4 3M 3

7 3Mt o as required
b 7 2

2 4 3M 3

6 3M 3

Ms 3

Resultant forces att 31,4 E
plug into Fsm

accelerationretsuitantmass

E 4
E
equate coefficients
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Question 3 continued
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6 42
2 1.5

and 2 44
4 0.5

a
o s

In order to find the length Of AB we
need the displacement so we need
to integrate the acceleration
v 51 Sdt

50 Sdt
V 1 St t C

O St tea

When t o V O

8 8 51
equating components
0 1.5 t t c and 0 0 Stt Cz
C so 2 0

v lo I
Integrate again to get s

s 1ft't E3
o t c

s o St 3
0.25 t t 54
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Question 3 continued
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(Total for Question 3 is 9 marks)

At A t O 5 0

i la
50 C 3 0 Ca O

s 1
At 13 t s e

s 8 54 k
A B Y
Length Of A B VIII VIET AUTO

12 G M



*P72131A01220*
12

 

 

����������

4. 

ș

B

A

C

Figure 2

 A uniform rod AB has mass M and length 2a

 A particle of mass 2M is attached to the rod at the point C, where AC = 1.5a

 The rod rests with its end A on rough horizontal ground.

 The rod is held in equilibrium at an angle ș to the ground by a light string that is 
attached to the end B of the rod.

 The string is perpendicular to the rod, as shown in Figure 2.

 (a) Explain why the frictional force acting on the rod at A acts horizontally to the right 
on the diagram.

(1)

 The tension in the string is T

 (b) Show that  T = 2Mg cos ș
(3)

 Given that  cos ș = 
3

5

 (c) show that the magnitude of the vertical force exerted by the ground on the rod at A 

is 
57

25

Mg

(3)

 The coefficient of friction between the rod and the ground is ȝ

 Given that the rod is in limiting equilibrium,

 (d) show that  ȝ = 
8

19
(4)
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Question 4 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

a The frictional force acts in the
opposite direction to the direction
that the rod will move In this
case the string exerts a force to
the left so the frictional force
acts to the right in order to maintain
equilibrium

b let's draw an axis for reference

to
a

Twist the axes
R

Tf

Resolve any diagonal forces
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Question 4 continued
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_____________________________________________________________________________________
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Tfkcosofksino.ME
geosazngsincfTFsing

2mg 056

We only consider the perpendicularforces when taking moments Let's
put these on a flat Rod
Roos

of a 0.59 0.59 ft800 To

Al B

Mg cosa cosasince
I

MCA 1 Mg cos alt Ing Cosa 1.59
T Za so

Mga cos at 3mg acoso ZAT O

4mg acoso Z at O

a 4mg Cosa 271 0

a 0 4mg Cosa 27 0

T 2mg cos o as required
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Question 4 continued
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_____________________________________________________________________________________
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(Total for Question 4 is 11 marks)

c Let's draw an axis for reference
and resolve like we normally do

I

look at each axis

I Mgk and
Resolve any diagonal forces

cos

ugly and
tsino

We can now put all forces on a
flat rod

ITcosoIF I ang
Eino's
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Question 4 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 4 is 11 marks)

Resolve like usual not taking moments

T R Mg 2mg TT Cosa O

R 3mg TT Cosa O

F Tsing O

Let's use

R 3mg T Cosa O

R 3mg Teos O O

G 2mg cos from b

R 3mg 2 Mg cos o

Also given that Cosa 3
12 3 Mg 2mg 3
R 3mg 2MS Es
R 3Mg Mg
R EsMg
d let's use F Tsing o from

F Tsing 2mg cosasina 2mg 3 E gMg
gesso from b
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Question 4 continued
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_____________________________________________________________________________________
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(Total for Question 4 is 11 marks)

F MR

Es M M SENS
M E

M

3
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5. 

Į

BA
120 m

Figure 3

 A golf ball is at rest at the point A on horizontal ground.

 The ball is hit and initially moves at an angle Į to the ground.

 The ball first hits the ground at the point B, where AB = 120 m, as shown in Figure 3.

 The motion of the ball is modelled as that of a particle, moving freely under gravity, 
whose initial speed is U  m s–1

 Using this model,

 (a) show that  U 2 sin Į cos Į = 588
(6)

 The ball reaches a maximum height of 10 m above the ground.

 (b) Show that  U 2 = 1960
(4)

 In a refinement to the model, the effect of air resistance is included.

 The motion of the ball, from A to B, is now modelled as that of a particle whose initial 
speed is V  m s–1

 This refined model is used to calculate a value for V

 (c) State which is greater, U or V, giving a reason for your answer.
(1)

 (d) State one further refinement to the model that would make the model more realistic.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

using

a horizontal Vertical
5 0

5 120 YIUSindU S U cost
s A 9 8

50 Tutto
s ut thats ut that O using Ii 9.811 4120 UCOSat to

t Est
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Question 5 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

0 120 p a visa
120252 252
Rosina FEEL
120 U'Sind Cosa 70560

U sinacosa 588 as required
b consider vertical again
5 10
Us usina
V o greatest height
I 9 8

V2 U't 295
O us in 2 2 219.81110
U'sin y 196

we also know U Sina 052 588 from al

Do as in a stg Note We could also
uasinacosa have re arrangedboth and

Ifa Gf for u of sins
and set them equal

tana
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Question 5 continued

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Build a triangle to find Sina so that we
can plug into Which is U sin a 196

i its sin

becomes U 12 196

U t 196

02 1960 as required
c V is greater In order to travel the
same distance now that air resistance
is considered the initial velocity umust be greater

d Take into account the size and spin
of the ball

model the ball as a particle
use a more accurate value for

gravity


