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Qu estion 1 m Momentum, Impulse & Collisions

1. Two particles, P and Q, of mass m and m, respectively, are moving on a smooth horizontal
plane. The particles are moving towards each other in opposite directions along the same
straight line when they collide directly. Immediately before the collision, both particles
are moving with speed u.

The direction of motion of each particle is reversed by the collision.
. . NP
Immediately after the collision, the speed of Q is : u.

(a) Find, in terms of m, and u, the magnitude of the impulse exerted by P on () in the

collision.
3)
(b) Find, in terms of m,, m, and u, the speed of P immediately after the collision.
3)
3
(c) Hence show that m, > 2 m,
(2)
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o Choose a positive direction
Take P's original direction as positive. Before collision, vp = u and vg = —u. After collision, Q has

velocity 3 because its direction is reversed.

o Find the impulse on Q

) u 4u 4
Impulse on Q equals change in momentum: I = ms (§ — (—u)) = ms 3 = gmgu.

o Use conservation of momentum

Let the speed of P after collision be . Since P reverses direction, its velocity is —v. Hence

miu — Mau = —M1vV + —Mmou.

3

° Solve for P's speed

(4mg — 3mq)u
Rearrange: mjv = —mau — MU, SO v = .
3 3m1



o Use the fact that speed is positive

3
Since u > 0 and m; > 0, the numerator must be positive: 4mg — 3my > 0. Therefore mqy > Zml'

@ rinaL ANsWER
(4mg — 3m)u

3
(c) mg > —my.

(a) I = %mzu. (b) speed of P = 1

3m1
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Qu estion 2 Moments

2.
I.5m
A C B
6m
< >
Figure 1
A non-uniform beam AB has length 6 m and weight W newtons. The beam is supported in
equilibrium in a horizontal position by two vertical ropes, one attached to the beam at 4
and the other attached to the beam at C, where CB = 1.5m, as shown in Figure 1.
The centre of mass of the beam is 2.625m from A.
The ropes are modelled as light strings. The beam is modelled as a non-uniform rod.
Given that the tension in the rope attached at C is 20N greater than the tension in the rope
attached at A4,
(a) find the value of W.
(6)
(b) State how you have used the fact that the beam is modelled as a rod.
1
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Set the tensions
Let the tension at A be T'. The tension at C is then T' 4+ 20. Since CB=1.5 mand AB =6 m,
AC =4.5m.

Use vertical equilibrium
The upward tensions balance the weight: T+ (T'+20) = W,s0 2T+ 20 = W.

Take moments about A
The centre of mass is 2.625 m from A. Taking moments about A gives 4.5(T + 20) = 2.625W.



o Solve for W
2.625 7 W+ 20

From the moments equation, T' 4 20 = 4—5W = EW AlsoT + 20 = — Hence
W + 20 W '
;“ = 550 6W + 120 = TW and W = 120 N.

State the modelling use

Modelling the beam as a rod means it stays straight and rigid, so the distances used in the moments
equations do not change.

@ rinaL ANswER

(a) W =120N. (b) The rod model keeps the beam straight and rigid, so the stated distances
along the beam are fixed.
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Qu estio n 3 m Constant Acceleration in 1D

3. A particle, P, is projected vertically upwards with speed U from a fixed point O. At the
instant when P reaches its greatest height H above O, a second particle, Q, is projected

1
with speed 5 U vertically upwards from O.

(a) Find H in terms of U and g.
(2)

(b) Find, in terms of U and g, the time between the instant when Q is projected and the
instant when the two particles collide.

(6)
(¢) Find where the two particles collide.
(3
WORKED SOLUTION Question 3 - WMEO01/01 January 2020

Find the greatest height

For P, at greatest height the speed is zero. Use v? = u? 4+ 2as withu =U, v = 0,a = —g and
U2

s=H0=U?—2gH.Hence H = —.
29

Start timing when Q is projected

1
At this instant P is at height H and has zero velocity. After t seconds, P has fallen Egtz, so its height

1
above Ois H — Egtz.

Write Q's height
. . . 1 . . 1 1,
Q is projected upwards from O with speed EU' so its height after ¢ seconds is EUt — Egt .

Equate the heights
1 1 1 1
At collision, H — Egt2 = EUt — Egtz. The gravity terms cancel, so H = EUt.

Find the time
2 2 1
Substitute H = U—: U— = —Ut. Thereforet = E
29 29 2 g



o Find the collision position

U 1 (U\* U* U?
Substitute t = — into P's height: H — —g(—) = — — — = 0. Thus they collide at O.
g 2"\ g 29 29

@ FiNAL ANSWER
U? U
(a) H = 50 (b))t = —. (c) The particles collide at O.
g g
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Question 4

A (m) B (m)
B B

C (3m)

Figure 2

Two identical small rings, 4 and B, each of mass m, are threaded onto a rough horizontal
wire. The rings are connected by a light inextensible string. A particle C of mass 3m is
attached to the midpoint of the string. The particle C hangs in equilibrium below the wire
with angle BAC = /3, as shown in Figure 2.

The tension in each of the parts, AC and BC, of the string is T

(a) By considering particle C, find 7T in terms of m, g and S
(2)

(b) Find, in terms of m and g, the magnitude of the normal reaction between the wire
and 4.

3)

. . - . o
The coefficient of friction between each ring and the wire is 5

The two rings, A4 and B, are on the point of sliding along the wire towards each other.

(¢) Find the value of tanf
)
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o Resolve forces on C

The two tensions are equal and symmetric. Their vertical components support the weight of C, so
3mg

2T sin B = 3mg. Hence T = ———.
2sin g

° Resolve vertically for ring A
For ring A, the normal reaction balances its own weight and the downward vertical component of the
string tension: R = mg + T sin B.

° Find the normal reaction
3
From 2T sin 8 = 3mg, we have T'sin 8 = Emg. Therefore R = mg + %mg = gmg.
° Use limiting friction

4
The rings are just about to slide towards each other, so friction is limiting. With g = 5
4 5
F=uR= E-Emg=2mg.
o Resolve horizontally for a ring

The horizontal component of the tension is balanced by friction: T'cos 8 = F' = 2myg.

o Find tan beta

3 3
Substitute T' = mg mg

2sin,3: 2sin 3

3 4 3
cos B = 2mg. Hence Ecot,B =2,s0cot B = 3 and tan 8 = 1

@ FiNAL ANSWER
_ 3mg _ 5 _ 3
()T = Ssn g’ (b) R = 5 MY (c) tanfB = 1
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Question 5 m Kinematics Graphs

5. A car travels at a constant speed of 40ms™" in a straight line along a horizontal racetrack.
At time 7 = 0, the car passes a motorcyclist who is at rest. The motorcyclist immediately
sets off to catch up with the car.

The motorcyclist accelerates at 4ms = for 15s and then accelerates at 1 ms for a further
T seconds until he catches up with the car.

(a) Sketch, on the same axes, the speed-time graph for the motion of the car and the
speed-time graph for the motion of the motorcyclist, from time ¢ = 0 to the instant
when the motorcyclist catches up with the car.

(2)
At the instant when ¢ = ¢, seconds, the car and the motorcyclist are moving at the same
speed.
(b) Find the value of 7,
(2)
(c) Show that T* + kT — 300 = 0, where £ is a constant to be found.
(6)
WORKED SOLUTION Question 5 - WMEO01/01 January 2020

° Describe the graph

The car's graph is a horizontal line at 40 ms~1. The motorcyclist's graph starts at zero, rises with
gradient 4 until £ = 15, then rises with smaller gradient 1 for a further 7" seconds.

° Find the equal-speed time
Before t = 15, the motorcyclist's speed is 4t. Set this equal to the car's speed: 4t; = 40, so t; = 10

S.

° Find the motorcyclist's speed at 15 seconds
After the first 15 seconds, the motorcyclist's speed is 4(15) = 60 ms ™.

° Find the final speed at catch-up

During the next T' seconds the acceleration is 1 ms~2, so the speed at catch-up is 60 + T".



o Equate distances
1 1
Motorcyclist distance = 5(15)(60) + 5[60 + (60 + T")|T. Car distance = 40(15 + T').

o Simplify the equation
1 1
450 + 607" + ETz = 600 + 407" Hence ETz + 20T — 150 = 0, so T2 + 40T — 300 = 0 and
k = 40.

@ FINAL ANSWER

(a) Car: horizontal line at 40; motorcyclist: two rising straight-line sections ending at the catch-up
time.

(b) ¢, =10s. (c) T2+ 40T — 300 = 0, so k = 40.
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Qu estion 6 m Working with Vectors

6. A force F is given by F = (10i + j)N.

(a) Find the exact value of the magnitude of F.

(2)
(b) Find, in degrees, the size of the angle between the direction of F and the direction of
the vector (i + j).

4

The resultant of the force F and the force (—15i + aj) N, where a is a constant, is parallel
to, but in the opposite direction to, the vector (2i — 3j).

(c) Find the value of a.
(3)

WORKED SOLUTION Question 6 - WME01/01 January 2020

o Find the magnitude
ForF =10i+j, |[F| = v/10% 4+ 12 = v/10L N,

o Find the direction angle of F
1
The angle that F makes with the positive i direction is a, where tana = 0 Thus a = 5.71°

approximately.

Compare with i plus j

The vector i 4 j makes an angle of 45° with the positive i direction.

Find the angle between the vectors
So the required angle is 45° — 5.71° = 39.29°, approximately 39.3°.

Write the resultant
The resultant of 10i + j and —15i + aj is —5i + (a + 1)j.

Use the parallel opposite direction

Parallel but opposite to 2i — 3j means the resultant is a positive multiple of —2i + 3j.



° Solve for a

Let =51 + (a + 1)j = A(—2i + 3j). From the i component, —5 = —2), so A = 2.5. Then
a+1=3(2.5) = 7.5 hence a = 6.5.

@ FiNAL ANSWER
(a) |F| =+v101N. (b) 39.3° approximately. (c)a = 6.5.
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Qu estion 7 m Newton's Second Law

P 2m
A (4kg) ® P

v

B (3kg)

1.4m

Figure 3

A particle 4 of mass 4kg is held at rest on a rough horizontal table. Particle 4 is attached
to one end of a string that passes over a pulley P. The pulley is fixed at the edge of the
table. The other end of the string is attached to a particle B, of mass 3kg, which hangs
freely below P.

The part of the string from A to P is perpendicular to the edge of the table and 4, P and B
all lie in the same vertical plane.

The string is modelled as being light and inextensible and the pulley is modelled as being
small, smooth and light.

The system is released from rest with the string taut. At the instant of release, 4 is 2m
from the edge of the table and B is 1.4 m above a horizontal floor, as shown in Figure 3.

After descending with constant acceleration for 2 seconds, B hits the floor and does not
rebound.

(a) Show that the acceleration of 4 before B hits the floor is 0.7ms™

(2)
(b) State which of the modelling assumptions you have used in order to answer part (a).

1
(c) Find the magnitude of the resultant force exerted on the pulley by the string.

4
The coefficient of friction between 4 and the table is u.
(d) Find the value of u.

(6)
(e) Determine, by calculation, whether or not A reaches the pulley.

(5)

(Total 18 marks)
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Use B's descent

1 1
Before B hits the floor, it descends 1.4 m from rest in 2's. Use 8 = ut + Eatz: 14 = 5a(2)2. Hence
2

a=0.7ms™"
Name the modelling assumption

The string is inextensible, so A and B have the same magnitude of acceleration while the string is
taut.

Find the tension
For B, taking downward as positive: 3g — T' = 3(0.7). Thus T' = 3g — 2.1 = 27.3 N.

Find the resultant force on the pulley

The pulley is pulled by two perpendicular tensions of magnitude T'. Therefore the resultant is

VT? + T2 = Tv/2 = 27.3v/2 = 38.6 N approximately.

Find the frictionon A
For A before B hits the floor, T'— F' = 4(0.7). Hence F = 27.3 — 2.8 = 24.5 N.

Find mu

: 24.5
On the horizontal table, R =4¢g =39.2Nand FF = uR. So u = 309 = 0.625.
Find A’'s speed when B hits the floor

At this instant, v = at = 0.7(2) = 1.4 ms~1. A has also moved 1.4 m towards the pulley.

Find the extra stopping distance
After B hits the floor, A is slowed only by friction. Its deceleration is ug = 0.625(9.8) = 6.125 ms~2.
Use 0 = (1.4)2 — 2(6.125)s, giving s = 0.16 m.

Compare with the distance to the pulley
A's total distance is 1.4 + 0.16 = 1.56 m, which is less than 2 m. Therefore A does not reach the

pulley.

@ FiNAL ANSWER

(@) a=0.7ms™2. (b) Inextensibility of the string.
(c) 38.6 N. (d) p=0.625. (e) A does not reach the pulley.



