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1. A small stone is projected vertically upwards with speed 20 m s–1 from a point O which 
is 5 m above horizontal ground.  The stone is modelled as a particle moving freely under 
gravity.

 Find

 (a) the speed of the stone at the instant when it is 2 m above the ground,
(2)

 (b) the total time between the instant when the stone is projected from O and the instant 
when it first strikes the ground.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Thestone ismoving freelyundergravity therefore the acceleration
is constant andSUVATcan beused

S 3 change in height
N 20 initialvelocity SUVATformulawithout t
V V velocity at heightof2m
9.8 accelerationdue to gravity v2 u 2as

v2 2022698 3
v2 458.8 v 558.8 21.4ms 357

b set up a SUVAT for theentirejourney

5 5 total displacementfromstart toend
20 initialvelocity SUVATformulawithout v

9.8 accelerationdue to gravity s at at
total time

5 20t 1 98
2 4.9 2 20t 5 0

t 4.31795 OR t 0.23631

Time isscalar socan't benegative t 4.32secondsy 357
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Question 1 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q1

(Total 6 marks)
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2. Two particles, P and Q, have masses 2m and m respectively.  The particles are moving 
towards each other in opposite directions along the same straight line on a smooth 
horizontal plane.  The particles collide directly.

 Immediately before the collision, the speed of P is 3u and the speed of Q is 2u.

 The magnitude of the impulse exerted on Q by P in the collision is 5mu.

 Find

 (a) the speed of P immediately after the collision,
(3)

 (b) the speed of Q immediately after the collision.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

labelled x

labelled y

a b Draw a diagram labellingthe massesandspeeds
P Q P Q

2m m 2m 5 m

Before After

Using conservation of linearmomentum MM Mallz MV MzVz

2m 3u m 2n 2m x m y
Gmu2mm 2mx my
4M 2x y

using theformula for impulse I MV mu

5mm m y m 2n

Smu my 2mm

y SMELL 34
substitute thisback into the equationabove

4u 2xty
4u 2 34 2x u x 11
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Question 2 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q2

(Total 6 marks)
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3.

200 N T  N

15° 25°

Figure 1

 A parcel of mass 20 kg is at rest on a rough horizontal floor.  The coefficient of friction 
between the parcel and the floor is 0.3

 Two forces, both acting in the same vertical plane, of magnitudes 200 N and T  N are 
applied to the parcel.  The line of action of the 200 N force makes an angle of 15° with 
the horizontal and the line of action of the T  N force makes an angle of 25° with the 
horizontal, as shown in Figure 1.  The parcel is modelled as a particle P.

 Find the smallest value of T for which P remains in equilibrium.
(9)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Draw a diagramlabelling all relevant forces

200 200sinisa aR atsinas T For T to be at aminimum

frictionmust act to theright
208costs

2
0525

as the sumof the horizontal

20 forces is zero

v20g
The parcel is at rest meaning the sum of thehorizontal andvertical
forces is zero

Vertically EF 0 R 200sines Tsin25 20g 0
R 20g 200sines Tsin25
R 209.8 2000.258 T0.422
R 144.236 0.423T

Horizontally E F 0 Tcos25 F 2000515 0

Frictionformula F MR Tcos25 0.32 2000515 0

Substituting R in Tcos25 0.3 144.236 0.423T 2000515 0
0.906 tt 43270 0.126 T 193.185 0
0.779T 149.914

T 192.444 192N 35ft
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q3

(Total 9 marks)
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4.
6 m

1 m 1 mA BC D

Figure 2

 A metal girder AB has weight W newtons and length 6 m.  The girder rests in a horizontal 
position on two supports C and D where AC  =  DB  =  1 m, as shown in Figure 2.

 When a force of magnitude 900 N is applied vertically upwards to the girder at A, the 
girder is about to tilt about D.

 When a force of magnitude 1500 N is applied vertically upwards to the girder at B, the 
girder is about to tilt about C.

 The girder is modelled as a non-uniform rod whose centre of mass is a distance x metres 
from A.

 Find the value of x.
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

I

2

Draw a diagramlabelling theforcesand lengths foreachsenario

a900 aR aR2

i i an i i
s x

6

If thegirder isabout to tilt about D the reaction force at
C is zero R 0

Sinceit'sstatedinthequestion that thebeam isinequilibrium thesumof the
clockwise moments is equaltothesum of theanticlockwisemoments therefore

Ʃmomentsclockwise Ʃmoments anticlockwise

where moment force perpendicular
distance
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q4

(Total 6 marks)

Theclockwiseforces are ones that goupwardsfromthe left or
downwards fromthe right of wheremomentsaretaken and anticlockwise
forces are ones that goupwardsfromtheright or downwardsfrom the
left of wheremoments are taken

Takingmoments about D

4500 5WWSC
ifeng.inte wx sw usoo

AR AR 1500

29 vw P B
a x

6

If thegirder isabout to tilt about C the reaction force at
D is zero R2 0

Takingmomentsabout C

WSC W 7500
YEEELnfhh.ieise wx sootw

combining bothexpressions of Wx

5W 4500 7500 W
4W 12000 W 3000N

Substitute the valueof W into either moment equation

30002 53000 4500 2 30002 7500 3000
x 18 0 3.51 x 18 35mg
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5. A particle is acted upon by two forces F and G.  The force F has magnitude 8 N and acts 
in a direction with a bearing of 240°.  The force G has magnitude 10 N and acts due South.

 Given that R  =  F + G, find

 (i) the magnitude of R,

 (ii) the direction of R, giving your answer as a bearing to the nearest degree.
(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

i Draw a diagram of theforces as a triangle where R
is the resultant of F and G with a magnitude of SCN

1 2

F8N
β

RXN G ION
G ION RXN

120 v 240

F 8N W

Theorder of the forces F and G is irrelevant as they both
havethe same resultant withthe same magnitude and direction
so for simplicity we will use the first one as its easier to
find one of the internal angles

Using CosineRule a b c 2bcCOSA

x2 82 102 2 8 10 005120
x2 164 160105120
x2 164 160 0.5
x2 244 x 5244 15.6Nf 357

ii Bearings are taken clockwise fromnorth therefore the bearing
of R is β 180

Using SineRule
g a s B s o
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q5

(Total 7 marks)

sings 8515121 8 25

β sin 25831 26.329 26

Bearingof R 26 180 206 nearestdegree
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6. Two girls, Agatha and Brionie, are roller skating inside a large empty building.  The girls 
are modelled as particles.

 At time t  =  0, Agatha is at the point with position vector (11i + 11j) m and Brionie is at 
the point with position vector (7i + 16j) m.  The position vectors are given relative to the 
door, O, and i and j are horizontal perpendicular unit vectors.

 Agatha skates with constant velocity (3i – j) m s–1

 Brionie skates with constant velocity (4i – 2j) m s–1

 (a) Find the position vector of Agatha at time t seconds.
(2)

 At time t  =  6 seconds, Agatha passes through the point P.

 (b) Show that Brionie also passes through P and find the value of t when this occurs.
(4)

 At time t seconds, Agatha is at the point A and Brionie is at the point B.

 (c) Show that  AB = [(t – 4)i + (5 – t)j] m
(2)

 (d) Find the distance between the two girls when they are closest together.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Position vector formula I to Vt

a Ilitll t 3i j

b when t 6 a Ilitll 6 3i j 291 5
Point P has position vector 2915

To find thevalueof t when Brionie passes through P we need
to equate the position vector of Brionie at time t to the position
rector of P

b 7itl6j t 4 2j 29it5j

Compare i and j components

4t 7 29 41 22 16 21 5 21 11
t 5.5secsy t 5.5 secsy
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

C AABB ÉF6j t ui 2j elite t 3 j
FB 7 4A it 162t 11 3t i 11 t
AB t 4 it 5 t

d we should find themagnitude of AB to find the closest
distance

AB t 4 5 t t 8 16 25 lot t 2 2 18 41

Theminimum distanceoccurs whenthederivative ofthequadratic is zero

2 218 41 41 18 0 ut 18 t 4.5 at closestdistance

Distance at t uS

AB 412 5 4.5 05.5m 0.707m 3sf
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q6

(Total 12 marks)
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7. A helicopter is hovering at rest above horizontal ground at the point H.  A parachutist steps 
out of the helicopter and immediately falls vertically and freely under gravity from rest for 
2.5 s.  His parachute then opens and causes him to immediately decelerate at a constant 
rate of 3.9 m s–2 for T seconds (T < 6), until his speed is reduced to V m s–1.  He then moves 
with this constant speed V m s–1 until he hits the ground.  While he is decelerating, he falls 
a distance of 73.75 m.  The total time between the instant when he leaves H and the instant 
when he hits the ground is 20 s.

 The parachutist is modelled as a particle.

 (a) Find the speed of the parachutist at the instant when his parachute opens.
(1)

 (b) Sketch a speed-time graph for the motion of the parachutist from the instant when he 
leaves H to the instant when he hits the ground.

(2)

 (c) Find the value of T.
(5)

 (d) Find, to the nearest metre, the height of the point H above the ground.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Since the parachutist is fallingfreelyundergravity
till the parachute is open SUVATmay be used

Equationwithout s v U at
o

r v v 0 9.8 25 24.5ms
a 9.8
t 2.5

b 24.5
2

Decelerating for
T seconds

Accelerating Moving atconstantspeed
undergravity

V for2.5secs v of V till parachutist lands

2.5 2.5 7 20
ᵗ

C To calculate T we must set up a SUVAT butonly from
t 2.5 to t 2S T as the acceleration must beconstant
throughout

www.mymathscloud.com
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

S 7375 V is unknown so we can set up another
u 24.5 SUVAT to calculate it
V V Equationwithout s
a 3.9 S 24.5 v U at
t T V V

a 3.9 V 24.5 3.9T
t T

s 73 75 As we now have expressions for SN V A and
u 24.5 T we can use any SUVAT formula
V 24.5 3.9T

13.9 v u t2as s at at s vt at

s Cutft v u at

To lessenthe chanceofmaking a small error use the most
simpleformula that is solvable

i S Cutft 73.75 1245 3.917

147.5 24.5T 24.5T3.9 2

3.972 49 147.5 0
Howeverquestion states

TCG
T 5 OR T 7.564 T 5 seconds

d Asspeedis the rate ofchangeofdistance the area under
thespeedtimegraph equals distancetravelled The area can
be separated intothree parts A B and C

24.5
7

A B
C

2.5 2.5 7 20
ᵗ
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

A 24.5121 30.625m Using area of triangle formula

B 73.75m Already stated in question

c Vx 20 2.5 T 24.53.9 s x 20 2.5 5 62.5m

Total height H AtB 30.625 7375 62.5 166875m

H 167m nearestmetre
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q7

(Total 12 marks)
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8.

A (2 kg)

d m

h m

B (4 kg)

α

Figure 3

 Two particles, A and B, have masses 2 kg and 4 kg respectively.  The particles are connected 
by a light inextensible string.  The string passes over a small smooth pulley which is fixed 

at the top of a rough plane.  The plane is inclined to the horizontal ground at an angle α 

where tan α = 
3

4
.  The particle A is held at rest on the plane at a distance d metres from 

the pulley.  The particle B hangs freely at rest, vertically below the pulley, at a distance 
h metres above the ground, as shown in Figure 3.  The part of the string between A and 
the pulley is parallel to a line of greatest slope of the plane.  The coefficient of friction 

between A and the plane is 
1

4

 The system is released from rest with the string taut and B descends.

 (a) Find the tension in the string as B descends.
(9)

 On hitting the ground, B immediately comes to rest.

 Given that A comes to rest before reaching the pulley,

 (b) find, in terms of h, the range of possible values of d.
(7)

 (c) State one physical factor, other than air resistance, that could be taken into account to 
make the model described above more realistic.

(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Draw a diagram labelling all relevantforces

d tanαRr
T at sinx cos

2
4FL 2gcosα

v49 h
α

2
V2gsinα

v
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Particle A has no motion perpendicular to the plane so the sum
of the perpendicular forces is zero

EF 0 R 2gcosx 0 R 2gcosα 21981108 15.68N

Equationof motion for the whole system EF ma

4g T T 2gsinx F 2 4 a Friction formula F MR

4g 2g3 19Y Ga F 2gcost Igcosa

Ga 123g a 25g

Nowuse the calculated value for acceleration to calculatetension

Using the equationofmotion for particle B only

EF ma 4g T Ma 43g
T 4g 89 13591

b Whilethe string is taut both particles start from rest with
a constant acceleration meaning a SUVAT can be set up

f
Equation without t v2 us 2as

v2 02 2 3g h v2 gh
39

v 39Th which isthespeedof A when B
hits theground

After particle B hits theground thestring is slack and A
moves upthe planeslowingdowndue togravity and friction
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Total resistive forceon A F 2gsinα 25g Eg Eg
Total deceleration a a EE a

8
521 45g

Setup a SUVAT from the instant it starts decelerating till rest
to calculate the stopping distanceof A

Equation without t v2 u 2as

v Fg Ugh 02 2 g s s h

59

Total distancemovedby A h t s h I 3h
The questionstates A comes to rest before reaching the
pulley so d must be greater than the distancetravelled

Expression for d in termsof h d 3h
c The question doesn'ttake into account

Weight of the string
Extensibility of thestring
Friction at the pulley
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

TOTAL FOR PAPER: 75 MARKS
END

Q8

(Total 17 marks)
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