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Question 1

1. A particle of mass 2.5kg moves on a smooth horizontal plane under the action of three
horizontal forces, F , F, and F,, where

F, = (6i + 8))N
F, = (~16i + 2j)N
F,=(-2i +8j)N

(a) Find the magnitude of the acceleration of the particle.

C))
A fourth force, F, = (pi+ pj)N, where p is a constant, is added.
The resultant of the four forces acts in the direction of the vector (7i + 2j).
(b) Find the value of p.
C))
WORKED SOLUTION Question 1 - WME01/01 January 2025

o Find the resultant of the first three forces
F; +Fy + F3 = (6i+ 8j) + (—16i + 2j) + (—2i + 8j) = —12i + 18;.

o Apply Newtons second law
The mass is 2.5 kg, so —12i + 18j = 2.5a. Hence a = —4.8i 4+ 7.2j ms~2.

° Find the magnitude of the acceleration

la] = \/(—4.8)2 +7.22 = 8.653.. . ., so the magnitude is 8.7 ms~2 to 2 significant figures. Exactly,

124/13

° Add the fourth force
With F'y = pi + pj, the new resultant is (p — 12)i + (p + 18)j.

o Use the given direction

The resultant acts in the direction 7i + 23, so =
A0 TR

p—12 7
5



Solve for p
2(p — 12) = 7(p + 18), so 2p — 24 = Tp + 126. Therefore —150 = 5p and p = —30.

@ FinaL ANswWER

124/1
(a) la] = \5/_3 ms~2~87ms 2. (b) p=—30.
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Question 2 m Kinematics Graphs

2. The fixed points 4, B and C lie in a straight line on a horizontal road.

At time ¢ = 0, a motorbike passes through 4 with speed Sms™'

From A, the motorbike accelerates uniformly until it reaches B with a speed
of Vms™'

The motorbike takes T, seconds to travel from 4 to B
From B, the motorbike decelerates uniformly until it comes to rest at C

The motorbike takes T, seconds to travel from B to C

(a) Sketch a speed-time graph for the motion of the motorbike as it moves from 4 to C.

3)
The distance 4B is 132 m and the distance BC is 136 m.
(b) Find, in terms of V/, an expression for
(i) T,
(i) T,
4)
Given that the motorbike takes 28s to travel from A4 to C,
(c¢) find the value of V,
(2)

(d) find the deceleration of the motorbike.

2
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Sketch the speed-time graph

The graph starts at speed 5 when t = (), rises linearly to speed V at time 17, then falls linearly to
speed 0 at time 17 + T5.

v(ms)

t(s)
T T +Ty

° Use area from A to B

1
The area under the first section is the distance AB = 132. Thus 5(5 + V)11 =132, s0
T — 264
LT V+s

° Use area from B to C

1
The second section is a triangle of height ¥V and base T%. Since BC = 136, EVTQ =136, so
T. — 272
2=

0 Use the total time
264 272

V—I—5+ |4

The whole journey takes 28 s, so = 28.

° Solve for V

Multiplying by V(V + 5) gives 264V + 272(V + 5) = 28V (V + 5). This simplifies to
TV2 —99V — 340 = 0, s0 (V — 17)(7V + 20) = 0. Since speed is positive, V = 17.

6 Find the deceleration
272

For the final section, Ty = —
ST

6= 1.0625 ms—=.

= 16 s. The speed falls from 17 to 0, so the deceleration is



@ rinaL ANswWER

. 264 .. 272 _ . 1_7 _ 9
b)) Ty = Vs (b)(i1) Ty = v (¢) V=17. (d) deceleration = T 1.0625 ms
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Qu estion 3 m Momentum, Impulse & Collisions

3. P (3mkg)

Q (mkg)
O @

4 5
- >

l.4m

Figure 1

A particle P of mass 3m kg and a particle O of mass m kg are at rest on a rough
horizontal surface. The distance between P and Q is 1.4m, as shown in Figure 1.

An impulse of magnitude ANs is now applied to P in the direction PQ.
Immediately after the impulse is applied, the speed of Pis Sms

(a) Find £ in terms of m.

2)
Immediately before P collides with O, the speed of P is 2.5ms"
The coefficient of friction between P and the surface is i
(b) Find the value of u

(7)
Immediately after P collides with O, the speed of Q is 2.1ms '
(c) Find the speed of P immediately after the collision.

3)
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0 Use impulse to find lambda
P starts from rest and immediately after the impulse has speed 5 ms™1. Since the mass of P is 3m,
A=3m(5—0) =15m.

o Find the acceleration before collision
Between the impulse and the collision, P slows from 5 to 2.5 ms™
v? = u? + 2as: (2.5)% = 52 + 2a(1.4).

! over 1.4 m. Using

e Calculate the acceleration

—18.
6.25 = 25 + 2.8a,soa = 8.75

—_ -2
28 6.696... ms™“.




Connect friction to acceleration
On the horizontal surface, R = 3mg and friction is F' = uR = 3umg. This friction is opposite the

motion, so —3umg = 3ma and therefore a = —pug.
Find mu
- 6.696. ..
pn= . = 0.683... so u = 0.68 to 2 significant figures.

g 98

Use momentum in the collision

Immediately before collision, P has speed 2.5 and Q is at rest. Immediately after, Q has speed 2.1
and P has speed v. Conservation of momentum gives 3m(2.5) + m(0) = 3mv + m(2.1).

Find the speed after collision
75=3v+21s03v=>54andv=18ms™ L.

@ rinaL ANswER
(@) A=15m. (b) p=0.680r0.683. (c)speedofP =1.8ms L.
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. Moment
Question 4 CED (vomer:

. 2.1m .
|
A C B
) 3m i
Figure 2

A uniform rod 4B has length 3m and weight ¥ newtons.

The rod is suspended by two light vertical ropes.

One rope is attached to the rod at 4 and the other rope is attached to the rod at C,
where AC=2.1m.

The rod is in equilibrium in a horizontal position, as shown in Figure 2.
The tension in the rope at C is 350N.
(a) Show that = 490

3)
A particle P of weight 210N is attached to the rod at a distance d metres from 4.
The tension in the rope at C is now 600 N.
The rod remains in equilibrium in a horizontal position.
(b) Find the value of d.
3)

Particle P is removed from the rod.

A particle O of weight X newtons is now attached at B.

The rod remains in equilibrium in a horizontal position and is now on the point
of tilting.

(c) Find the value of X.
C))
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Use moments to find W

Take moments about A. The rope at Cis 2.1 m from A and the weight of the uniform rod acts at its
midpoint, 1.5 m from A. Hence 350(2.1) = W(1.5).

Show W is 490
735 = 1.5W,so W =490 N.

Set up moments with particle P
When P is attached, the tension at C is 600 N. Taking moments about A:
600(2.1) = 490(1.5) + 210d.

Find d
1260 = 735 + 210d, so 525 = 210d and d = 2.5.

Use the tilting condition
When Q is attached at B and the rod is on the point of tilting, the rope at A is just slack. The rod is
about to tilt about C.

Find X

Take moments about C. The rod weight acts 2.1 — 1.5 = 0.6 m to the left of C, and Q acts

3 — 2.1 = 0.9 m to the right. Thus 490(0.6) = X(0.9), so X = 93& N.

@ rinaL ANswER

980

(0) W=490. (B)d=25. (c)X=— N=~327N.

3



WMEO1/01 JANUARY 2025

Qu estio n 5 Working with Vectors

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

In a game, a ball B is rolled across a horizontal surface towards a fixed target.
The ball is modelled as a particle moving with constant velocity.

At time 7 = 1 s, the position vector of B is (-2i + 5j)m.
At time t =9 s, the position vector of B is (10i — 3j)m.

(a) Find the velocity of the ball.

3)
The position vector of the target is (131 — 5j)m.
(b) Use the model to find the distance of B from the target at time 7= 7s.
C))
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0 Find the displacement over 8 seconds
Fromt =1tot =9, the displacement is (10i — 3j) — (—2i 4 5j) = 12i — 8;.

0 Find the velocity
12i — 8j

3 =1.5i—jms™L

The time interval is 8 seconds, so v =
° Find the position at t=7
Time ¢t = 7 is 6 seconds after t = 1. Therefore rg(7) = (—2i + 5j) + 6(1.5i —j) = 7i — j.

° Find the vector from B to the target

The target has position vector 13i — 5J. The vector from the ball to the target is
(13i — 5j) — (71— j) = 61 — 4j.

° Find the distance
The distance is 4/62 + (—4)% = v/52 = 24/13 m, which is about 7.2 m.

@ rinaL ANswER
(@) v=15i—jms!. (b)distance =2v/13m~7.2m.
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Question 6

m Resolving Forces, Inclined Planes

Figure 3

A particle P of mass m is held in equilibrium on a fixed rough inclined plane by a light
inextensible string.

The plane is inclined at an angle & to the horizontal, where a < 45°
The string is inclined to the plane at angle «, as shown in Figure 3.

The string lies in a vertical plane that contains a line of greatest slope of the
inclined plane.

When the tension in the string is 0.75mg, P is on the point of moving up the plane.

(a) Find an expression for the magnitude of the frictional force acting on P, giving your
answer in terms of m, g and a.

3)
1
The coefficient of friction between P and the plane is 3
(b) Show that
t — E
ana = -
(6)
The string breaks.
(c) Determine whether P remains at rest. You must justify your reasoning.
3)
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Resolve parallel to the plane
P is on the point of moving up the plane, so friction acts down the plane. The tension has component

0.75mg cos a up the plane, and the weight component is mgsin a down the plane.



o Find the frictional force
For equilibrium parallel to the plane, 0.75mgcos & = mgsina + F'. Hence
F = 0.75mgcos o — mgsina.

° Resolve perpendicular to the plane

The string has a component away from the plane, so R = mgcos a — 0.75mgsin a.

° Use the coefficient of friction

1 1
Given p = 3 limiting friction gives F' = ER. Therefore

1
0.75mgcos a — mgsina = E(mg cosa — 0.75mgsin a).

° Show the tangent result

Divide by mg and collect terms: 0.75 cos @ — sina = 0.5 cos & — 0.375 sin a. Thus

0.25 = 0.625si sotana = 025 _ 2
.25 cos a = 0.625 sin a, = Se% —

° Check what happens when the string breaks
1
Without the string, R = mg cos a and the maximum friction is Emg cos a. The component of

weight down the plane is mgsin a.

0 Compare friction with the downslope component
2 1
Since tana = 5 < —,we have mgsina < Emgcos a. The available friction is large enough to

2
hold P, so P remains at rest.

@ rinAL ANSWER

2
(a) F =0.75mgcosa — mgsina. (b) tana = = (¢) P remains at rest.
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Qu estion 7 m Newton's Second Law

7. N
N

A (2m) . . B (3m)

0.5m

Figure 4

One end of a light inextensible string is attached to a particle 4 of mass 2m.
The other end is attached to a particle B of mass 3m.

The string passes over a small smooth fixed pulley.

The string is taut and both straight parts of the string are vertical.

Both particles are held at a distance 0.5 m above a horizontal surface, as shown
in Figure 4.

The system is released from rest and B moves downwards.

(a) Find the tension in the string in terms of m and g.

)

(b) Find the speed of B at the instant it strikes the surface.

4

In the subsequent motion, 4 does not reach the pulley and B does not rebound after it
strikes the surface.

(c) Find the time from the instant when the system is released from rest to the instant
when A first reaches a height of 1.06 m above the surface.

(6)
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Write the equations of motion
B moves down and A moves up with the same acceleration a. For A: T' — 2mg = 2ma. For B:
3mg — T = 3ma.

Find the acceleration

Adding the two equations gives mg = dma, so a = %

Find the tension
Use T' — 2mg = 2ma: T = 2mg + 2m (2)

_ 12mg
=)= :

5

Find the speed when B hits the surface

B starts from rest and moves 0.5 m with acceleration g/5. Using v2 = u? + 2as,
2=2(2)05) = =196
Y 5)05) =73

Calculate the impact speed
v=+196=14ms L

Find the first time interval

1
The time until B hits the surface is found from 0.5 = 3 (%)t% With g = 9.8,

t = ; =0.714285...s.
Find the extra time after B stops

After B hits the surface, A continues upwards freely under gravity. It is then at height 1.00 m and
must rise another 0.06 m with initial speed 1.4 ms™. S0 0.06 = 1.4ty — 4.9t2.

Find the total time
Solving 0.06 = 1.4t5 — 4.9t§ gives the first positive time t2 = 0.0525. .. s. Therefore the total time
is0.714285...4+ 0.0525... = 0.767 s.

@ FiNAL ANSWER

12mg

(@) T=—"—"=. (b)v=14ms™!. (c)t=0.767s approximately.

5



