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KINEMATICS

When working with variables such as these, it is important to make the distinction between
scalar and vector quantities:

® Scalar quantities have magnitude (size) only.

® Vector quantities have magnitude as well as direction.

Excluding time, the characteristics of motion are vector quantities, where the direction is equally
as important as the magnitude.

@ Displacement is a vector quantity, which gives the position of a body
relative to an origin.

@ Distance is a scalar quantity, which states how far the body has
travelled.

® Velocity is a vector quantity, which tells us how fast the body is
moving and in what direction.

& Speed is a scalar quantity, which tells us how fast the body is moving
only. It is the magnitude of the velocity.
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v—t GRAPHS

Another useful graph is the v—f graph, which relates velocity te time. Fig. 20.3 shows an
example of such a graph.
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Another useful graph is the v-t graph, which relates velocity to time. Figure 20.3 shows an example
of such a graph.

EXAMPLE 1

A train takes 10 minutes to travel between two stations. The train accelerates
at a rate of 0.5 ms~ for 30s. It then travels at a constant speed and is finally
brought to rest in 155 with a constant deceleration.

(i) Sketch a velocity—time graph for the journey.

(iiy Find the steady speed, the rate of deceleration and the distance between
the two stations.

EXAMPLE 2

On the London underground, Oxford Circus and Piccadilly Circus are 0.8km
apart. A train accelerates uniformly to a maximum speed when leaving Oxford
Circus and maintains this speed for 90 s before decelerating uniformly to stop at
Piccadilly Circus. The whole journey takes 2 minutes. Find the maximum speed.

EXAMPLE 3

The diagram shows the velocity—time graph for the motion of a machine’s
cutting tool. The graph consists of five straight line segments. The tool moves
forward for 8 s while cutting and then takes 3s to return to its starting position.
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Find

(i) the acceleration of the tool during the first 2 s of the motion,

(i) the distance the tool moves forward while cutting,

(i) the greatest speed of the tool during the return to its starting position.
[Cambridge AS & A Level Mathematics 9709, Paper 41 (2 June 2010]

EXAMPLE 4

A train travels from A to B, a distance of 20000 m, taking 1000s. The
journey has three stages. In the first stage the train starts from rest at A and
accelerates uniformly until its speed is Vms~!. In the second stage the train
travels at constant speed Vms™! for 600s. During the third stage of the
journey the train decelerates uniformly, coming to rest at B.

(i} Sketch the velocity—time graph for the train’s journey.

(i Find the value of V.

{iii) Given that the acceleration of the train during the first stage of the
journey is 0.15ms~2, find the distance travelled by the train during the
third stage of the journey.

[Cambridge AS & A Level Mathematics 9709, Paper 4 Q6 November 2008]
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EXAMPLE 5
N13/42/Q7
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An elevator is pulled vertically upwards by a cable. The velocity-time graph for the motion is shown
above. Find

(i) the distance travelled by the elevator, [2]
(ii) the acceleration during the first stage and the deceleration during the third stage. [2]
EXAMPLE 6
N13/43/Q5

A car travels in a straight line from A to B, a distance of 12 km, taking 552 seconds. The car starts
from rest at 4 and accelerates for 7', sat 0.3 m s72, reaching a speed of ¥ ms~!. The car then continues

to move at ¥ ms™' for T, s. It then decelerates for T s at 1 m s, coming to rest at B.

(i) Sketch the velocity-time graph for the motion and express T} and 7 in terms of V. [3]

(ii) Express the total distance travelled in terms of ¥ and show that 13¥2 — 3312F + 72000 = 0.
Hence find the value of V. [5]
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CONSTANT ACCELERATION AND VERTICAL MOTION UNDER GRAVITY

EXAMPLE 7

A particle starts from a point A with velocity 3 m/s and moves with a constant
acceleration of Jz" m/s? along a straight line AB. It reaches B with a velocity
of 5 m/s,

Find (a) the displacement of B from A (b) the time taken from A to B.

EXAMPLE 8

A cyclist starts riding up a straight steep hill with a velocity of 8 m/s. At the
top of the hill, which is 96 m long, the velocity is 4 m/s. Assuming a constant
acceleration, find its value.

EXAMPLE 9

. The driver of a train begins the approach to a station by applying the brakes to
produce a steady deceleration of 0.2 m/s? and brings the train to rest at the
platform in 1 minute 30 seconds.

(a) Find the speed of the train in kilometres/hour at the moment when the brakes
were applied,

(b) the distance then travelled before stopping.

EXAMPLE 10

At the same instant two children, who are standing 24 m apart, begin to cycle
directly towards each other. James starts from rest at a point A, riding with a
constant acceleration of 2 m/s? and William rides with a constant speed of 2 m/s.
Find how long it is before they meet.

EXAMPLE11

A coin is dropped from rest at the top of a building of height 12 m and travels in
a straight line with constant acceleration 10ms—2.

Find the time it takes to reach the ground and the speed of impact.

EXAMPLE 12

A particle is projected vertically upwards with a velocity of 30 m st from a point O. Find
(@) The maximum height reached,

(b) The time taken for it to return to O,

(c) The time taken for it to be 35 m below O.
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EXAMPLE 13

A juggler throws a ball up in the air with initial speed 5ms™" from a height of 1.2 m.
It has a constant acceleration of 10 ms~! vertically downwards due to gravity.

(i) Find the maximum height of the ball above the ground and the time it takes
to reach it.

At the instant that the ball reaches its maximum height, the juggler throws up
another ball with the same speed and from the same height.

(il Where and when will the balls pass each other?

EXAMPLE 14

A particle is projected vertically upwards from a point O with initial speed

12.5ms!. At the same instant another particle is released from rest at a point

10 m vertically above O. Find the height above O at which the particles meet.
[Cambridge AS and A Level Mathematics 9709, Paper 4 Q2 November 2007]

EXAMPLE 15

Two points A and B are 8 m apart and lie in the same horizontal plane. A particle passes point A
with a speed of 2m s7! in the direction of point B. The particle is accelerating at a constant rate of
4ms in the direction of its motion. At the same time a second particle is passing point B with a

speed of 3m s in the direction of point A. ‘The second particle is accelerating at a constant rate of
2msin the direction of its motion.

Determine the time in seconds that has passed when the particles meet, and their position when
this happens.
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KINEMATICS AND CALCULUS

EXAMPLE 16
A particle starts from a point O and moves in a straight line so that its distance s cm from O after
time ¢t seconds is given by
£3
s =2t ——
6

Find

a) its initial velocity and acceleration,

b) the time after the start when it comes to a momentary halt,
c) its distance from O at this time.

d) what maximum velocity does it reach before that time?

e) after what time does the particle pass through O again?

EXAMPLE 17

The distance s meters of a particle moving in a straight line measured from a fixed point O on the
line is given by s = t2 — 3t + 2 where t is the time in seconds from the start. Find

a) Itsinitial distance from O,

b) Itsinitial velocity and in which direction,

c) Itsinitial acceleration,

d) The times when it passes through O and with what velocity,

e) When and where it is at instantaneous rest.

EXAMPLE 18

The velocity v cms™? of a particle moving in a straight line is given by v = 6t - kt?, wherekisa
constant and t is the time in seconds from the start. If its acceleration is 0 when t = 1, find

a) The value of k,

b) The time when the particle comes to instantaneous rest,

¢) The maximum velocity of the part;

EXAMPLE 19

The velocity (inm s~1) of a model train which is moving along straight rails is v = 0.3t?> — 0.5
.Find its displacement from its initial position

a. Aftertimet

b. After 3 seconds.

EXAMPLE 20

A car moves between two sets of traffic lights, stopping at both. Its speed v m s~ 1at time t seconds
is modelled by

1
— (40 — ¢ 0<t<40
v =308 ) =t=

Find the times at which the car is stationary and the distance between the two of traffic lights.
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EXAMPLE 21

The acceleration of a particle (in m s-2) at time t seconds is given by a = 6 - t. The particle is
initially at the origin with velocity —2 ms™~1. Find an expression for:

a) The velocity of the particle after t s

b) The position of the particle after ¢ s.

c) Hence find the velocity and position 6 s later.

EXAMPLE 22

A particle P moves along the x axis in the positive direction. The velocity of P at time t s is 0.03¢t2
ms~1. When t= 5 the displacement of P from the origin O is 2.5m.

a) Find an expression, in terms of t, for the displacement of P from O.

b) Find the velocity of p when its displacement from O is 11.25m.

EXAMPLE 23
J13/42/Q6

A particle P moves in a straight line. It starts from rest at a point O and moves towards a point A on
the line. During the first 8 seconds P’s speed increases to § ms™' with constant acceleration. During
the next 12 seconds P’s speed decreases to 2 ms~! with constant deceleration. P then moves with

constant acceleration for 6 seconds, reaching A with speed 6.5ms™.
(i) Sketch the velocity-time graph for P’s motion. 2]
The displacement of P from @, at time f seconds after P leaves (), is § metres.

(ii) Shade the region of the velocity-time graph representing s for a value of f where 20 £ 1 £ 26.

[1]
(iii) Show that, for 20t € 20,
s = 03751 — 13t + 202. [6]
EXAMPLE 24
J12/41/Q4

A particle P starts at the point (J and travels in a straight line. At time f seconds after leaving O the
velocity of Pis vim s~! where v = 0.75¢2 — 0.0625¢>. Find

(i) the positive value of ¢ for which the acceleration is zero, [3]

(ii) the distance travelled by P before it changes its direction of motion. [5]

[9] Compiled by: Salman Farooq




EXAMPLE 25
J12/42/Q3

A particle P moves in a straight line, starting from the point O with velocity 2ms™'. The acceleration

2
of P at time I's after leaving O is 263 ms™2.

3
(i) Show that 13 =% when the velocity of Pis 3ms™ . [4]
(ii) Find the distance of P from O when the velocity of Pis 3ms™'. [3]
EXAMPLE 26

A particle moves on a straight line through O so that its displacement s from O at time { seconds
is given by the equation s = 4 + 12 - £. Find the total distance covered in the first 12 seconds.
What will be the acceleration of the particle when it is momentarily at rest?

EXAMPLE 27

If the acceleration of a particle that moves along a straight line through a point O at time ¢ is
given by the equation a = 2¢ - 3 and the velocity of the particle when ¢ =2 is 10 ms™, then find
an expression for the velocity.
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HOMEWORK: KINEMATICS VARIANT 42
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The diagram shows the velocity-time graphs for the motion of two cyclists P and O, who travel in
the same direction along a straight path. Both cyclists start from rest at the same point @ and both
accelerate at 2ms™> up to a speed of 10ms~'. Both then continue at a constant speed of 10ms™'.

( starts his journey T seconds after P.

(i) Show in a sketch of the diagram the region whose area represents the displacement of P, from O,
at the instant when ¢ starts. [1]

Given that P has travelled 16 m at the instant when (2 starts, find

(ii) the value of T, [3]
(iii) the distance between P and 2 when Q’s speed reaches 10m s [2]
Answers: (i) 4; (i) 20 m. J03/Q3

A particle moves in a straight line. Its displacement f seconds after leaving the fixed point @ is
X metres, where x = %.fz + %13. Find

(i) the speed of the particle when f = 10, [3]
(ii) the value of ¢ for which the acceleration of the particle is twice its initial acceleration. [3]
Answers: (i) 20ms ' (ii) 5. J03/Q4
vims™h)
A
)
0 T [E 5 > 10
-4
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A boy runs from a point 4 to a point C. He pauses at € and then walks back towards A until reaching
the point B, where he stops. The diagram shows the graph of v agamnst ¢, where vin s71 is the boy’s
velocity at fime £ seconds after leaving 4. The boy runs and walks in the same straight line throughout.

(i) Find the distances AC and 458 [3]

(ii) Sketch the graph of x against £, where x metres is the boy’s displacement from 4. Show clearly
the values of # and x when the boy arrives at C, when he leaves C, and when he arrives at 5. [3]

Answers: (i) 70 m, 10 m. J04/Q3

A particle P moves in a straight line that passes through the origin @ The velocity of P at time 7 seconds
isvms™ where v =207 — . At time 7= 0 the particle 1s at rest at a point whose displacement from
Oi1s —36m.

(i) Find an expression for the displacement of 2 from O 1n terms of . 3]
(ify Find the displacement of P from O when f = 4. [1]
(ii) Find the values of # for which the particle 1s at O. [3]
Answers: (i) 10t% =0.25t * = 36; (i) 60 m; (iii) 2, 6. J04/Q5

A particle P moves along the x-axis in the positive direction. The velocity of Pat time # s is 0.03 £ms!.
When ¢ = 5 the displacement of P from the origin O is 2.5m.

(i) Find an expression, in terms of £, for the displacement of P from ©. [4]

(ii) Find the velocity of P when its displacement from @ is 11.25 m. [3]

J05/Q5

Answers: (i) 0.01F + 1.25; (i) 3ms™".

v(ms™h)
A

vV
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The diagram shows the velocity-time graph for a lift moving between floors in a building. The graph
consists of straight line segments. In the first stage the lift travels downwards from the ground floor
for 5 s, coming to rest at the basement after travelling 10 m.

(i) Find the greatest speed reached during this stage. [2]
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The second stage consists of a 10 s wait at the basement. In the third stage, the lift travels upwards
until it comes to rest at a floor 34.5m above the basement, arriving 24.5 s after the start of the first
stage. The lift accelerates at 2m s72 for the first 3 s of the third stage, reaching a speed of ¥m s
Find

(ii) the value of V7, [2]
(iii) the time during the third stage for which the lift is moving at constant speed, [3]
(iv) the deceleration of the lift in the final part of the third stage. [2]

J05/Q6

Answers: (i) 4ms™": (i) & (iii) 2 5; (iv) % ms=.

A motoreyclist starts from rest at 4 and travels in a straight line until he comes to rest again at B. The
velocity of the motorcyclist £ seconds after leaving 4 is vm s, where v = t— 0.01#2. Find

(i) the time taken for the motorcyclist to travel from A4 to B, [2]

(ii) the distance AB. [3]

Answers: (i) 100 s; (i) 1670 m. J06/Q2

0 0.7 2 > ®

The diagram shows the velocity-time graph for the motion of a small stone which falls vertically from
rest at a point 4 above the swface of liquid in a container. The downward velocity of the stone 5
after leaving 4 1s vm s~ The stone hits the surface of the liquid with veloeity 7ms! when 7 =0.7.
It reaches the bottom of the container with velocity Sms™' when 7= 1.2.

(1) Find
(a) the height of 4 above the surface of the liquid,

(1) the depth of liquid in the container.
[3]

(if) Find the deceleration of the stone while it is moving in the liquid. [2]

Answers: (i){a) 2.4m, (b) 3m; (i) 4ms% (i) 0.05 kq. J06/Q4
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A particle P starts from rest at the point 4 and travels in a straight line, coming to rest again after 10s.
The velocity-time graph for P consists of two straight line segments (see diagram). A particle O starts
from rest at 4 at the same instant as P and travels along the same straight line as . The velocity of
O is given by v = 3t — 0.3# for 0 € # € 10. The displacements from 4 of P and O are the same when

t=10.

(i) Show that the greatest velocity of P during its motion is 10ms™

y [6]

(ii) Find the value of ¢, in the interval 0 < ¢ < 5, for which the acceleration of Q is the same as the

acceleration of P.

(3]

Answer- (i) 12
3

J07/Q6

10 A particle P of mass 0.6 kg is projected vertically upwards with speed 5.2m s from a point @ which
is 6.2 m above the ground. Air resistance acts on P so that its deceleration is 10.4m s~ when P is
moving upwards, and its acceleration is 9.6 m s72 when P is moving downwards. Find

(i) the greatest height above the ground reached by P, [3]
(ii) the speed with which P reaches the ground, [2]
Answers. (i) 7.5 m; (i) 12ms™; (i) 2.11J. J08/Q6
11 v(ms
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An object P travels from A4 to B in a time of 80 s. The diagram shows the graph of v against £, where
vms ! is the velocity of P at time ¢ s after leaving 4. The graph consists of straight line segments for
the intervals 0 € r € 10 and 30 < 7 £ 80, and a curved section whose equation is v = —0.012 +0.5¢— 1
for 10 £ < 30. Find

(i) the maximum velocity of P, [4]

(ii) the distance 4B. [9]

Answers. (i) 525 ms™" (i) 233 m. J08/Q7

12 A particle P travels in a straight line from A to D, passing through the points B and C. For the section
AB the velocity of the particle 1s (0.5f — O.Ultzj ms~!, where ts is the time after leaving A.
(i) Given that the acceleration of P at B is 0.1 ms~2, find the time taken for P to travel from A 1o B.
[3]
The acceleration of P from B to C is constant and equal to 0.1 ms™.
(ii) Given that P reaches C with speed 14 m 57! , find the time taken for P to travel from B to C. [3]
P travels with constant deceleration 0.3 ms ™2 from C to D. Given that the distance CD is 300 m, find
(iii) the speed with which P reaches D, [2]
(iv) the distance AD. [6]
Answers. (i) 20 s; (i) 80s; (i) 4 ms™; (iv) 1170 m. J09/Q7
13 v(ms™)
A
0.18 —or
i
I
0 P 6 3 TR

The diagram shows the velocity-time graph for the motion of a machine’s cutting tool. The graph
consists of five straight line segments. The tool moves forward for 8 s while cutting and then takes
3 s to return to its starting position. Find

(i) the acceleration of the tool during the first 2 s of the motion, [1]
(ii) the distance the tool moves forward while cutting, [2]
(iii) the greatest speed of the tool during the return to its starting position. [2]
Answers: (i) 20 s; (i) 80 s; (i} 4 ms~"; {iv) 1170 m. J10/42/Q2
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14 A vehicle is moving in a straight line. The velocity vms™! at time t s after the vehicle starts is given
by

v=A(-0.057) for0<r<15,
v:§ forf =15,
t2

where A and B are constants. The distance travelled by the vehicle betweent =0 and f = 15 is 225 m.
(i) Find the value of A and show that B = 3375. [5]

(ii}) Find an expression in terms of f for the total distance travelled by the vehicle when # 2 15. [3]

(iii) Find the speed of the vehicle when it has travelled a total distance of 315 m. [3]
10/42/Q7
Answers: (I} 4; (i) (450 —ﬁ Jm; (i) 2.4 ms . ] / /Q
15 v(ms™h
A
7
05 20 24 > 1)
-8l

A man runs in a straight line. He passes through a fixed point A with constant velocity 7m s~ ! at time
t = 0. At time s his velocity is vms~!. The diagram shows the graph of v against ¢ for the period
0=rt=40.

(i) Show that the man runs more than 154 m in the first 24s. [2]

(ii) Given that the man runs 20 m in the interval 20 < f < 24, find how far he is from A when ¢ = 40.

[2]

Answer: (i) 120 m. N02/Q2

16 Two particles A and B are projected vertically upwards from horizontal ground at the same instant.
The speeds of projection of A and B are 5 ms~ ! and 8ms™! respectively. Find

(i) the difference in the heights of A and B when A is at its maximum height, [4]
(ii) the height of A above the ground when B is 0.9 m above A. [4]
Answers: (ii) 162; (iii) 688 747 536 or 689 000 000. N02/Q4
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17

A particle P starts to move from a point O and travels in a straight line. At time #s after P starts to
move its velocity is vms~!, where v = 0.127 — 0.0006¢.

(i) Verify that P comes to instantaneous rest when ¢ = 200, and find the acceleration with which it

starts to return towards O. [3]
(ii) Find the maximum speed of P for 0 = ¢ = 200. [3]
(iii) Find the displacement of P from © when f = 200. [3]
(iv) Find the value of f when P reaches O again. [2]
Answers: (i) 0.12 ms™? (ii) 6 ms™"; (iii) 800 m; {iv) 300. N02/Q7
18 A stone is released from rest and falls freely under gravity. Find
(i) the speed of the stone after 2 s, [1]
(ii) the time taken for the stone to fall a distance of 45 m from its initial position, [2]
(iii) the distance fallen by the stone from the instant when its speed is 30 ms~! to the instant when its
speed is 40ms'. [2]
Answers: (1) 20 ms™"; (if) 3 s: (iii} 35 m. N03/Q2
19 v(ms™")
A
72—
48—
» (5
0 100 300 500 ®)

A tractor A starts from rest and travels along a straight road for 500 seconds. The velocity-time graph
for the journey is shown above. This graph consists of three straight line segments. Find

(i) the distance travelled by A, [3]

(ii) the initial acceleration of A. [2]

Another tractor B starts from rest at the same instant as A, and travels along the same road for
500 seconds. Its velocity ¢ seconds after starting is (0.067 — 0.00012(2] ms~!. Find

(iii) how much greater B’s initial acceleration is than A’s, [2]

(iv) how much further B has travelled than A, at the instant when B’s velocity reaches its maximum.

[6]

Answers: (i) 2160 m; (i) 0.048 ms™; (i} 0.012 ms™; {iv) 155 m. N03/Q7
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20
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Particles P and @ start from points 4 and B respectively, at the same instant, and move towards each
other in a horizontal straight line. The initial speeds of P and Q are 5m s~! and 3ms™! respectively.
The accelerations of P and Q are constant and equal to 4m 572 and 2ms 2 respectively (see diagram).

(i) Find the speed of P at the instant when the speed of P is 1.8 times the speed of 0. [4]
(ii) Given that AB = 51 m, find the time taken from the start until £ and ¢ meet. [4]
Answers: (i)9 ms™; (i} 3 s. N04/Q5
21 A particle starts from rest at the point 4 and travels in a straight line until it reaches the point 3. The
velocity of the particle f seconds after leaving 4 is vm 57!, where v = 0.009/% — 0.0001#. Given that
the velocity of the particle when it reaches B is zero, find
(i) the time taken for the particle to travel from 4 to B, [2]
(ii) the distance 4B, [4]
(iii) the maximum velocity of the particle. [4]
Answers: (i) 90 s; (i) 547 m; (iii) 10.8 ms N04/Q7
22

A car travels in a straight line with constant acceleration am s It passes the points 4, B and C, in

this order, with speeds Sm 571, 7ms ! and 8ms! respectively. The distances 48 and BC are d; m
and d, m respectively.

(i) Write down an equation connecting
(1) d, anda,
(b) d,anda.
[2]
(i) Hence find d, in terms of d,. [2]

N05/Q1
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The diagram shows the displacement-time graph for a car’s journey. The graph consists of two curved
parts AB and CD, and a straight line BC. The line BC is a tangent to the curve 4B at B and a tangent
to the curve CD at C. The gradient of the curves at £ = 0 and £ = 600 is zero, and the acceleration of
the car is constant for 0 < ¢ < 80 and for 560 <« ¢t < 600. The displacement of the car is 400 m when

t = 80.

(i) Sketch the velocity-time graph for the journey. [3]
(ii) Find the velocity at £ = 80. [2]
(iii) Find the total distance for the journey. [2]
(iv) Find the acceleration of the car for 0 < £ < 80. [2]

N05/Q5

24 A particle P starts from rest at @ and travels in a straight line. Its velocity v 57! at time /s is given

54
byv= 8t — 22 for0<¢<3,and v= ") for ¢t > 3. Find

(i) the distance travelled by P in the first 3 seconds, [4]

(i) an expression in terms of # for the displacement of P from O, valid for ¢ > 3, [3]

(iii) the value of v when the displacement of P from O is 27 m. [3]
NO05/Q6

25 The velocity of a particle 7 s after it starts from rest is vms ™}, where v = 1.25¢ — 0.05#. Find
(i) the initial acceleration of the particle, [2]

(ii) the displacement of the particle from its starting point at the instant when its acceleration is
0.05ms™>. [5]

Answers: (i) 1.25 ms™, (i) 61.2m. N06/Q4
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26 (i) A man walks in a straight line from 4 to B with constant acceleration 0.004 ms2. His speed at
Ais 1.8ms™! and his speed at B is 2.2 ms . Find the time taken for the man to walk from 4 to
B, and find the distance 45. [3]

(ii) A woman cyclist leaves 4 at the same instant as the man. She starts from rest and travels in
a straight line to B, reaching B at the same instant as the man. At time ¢s after leaving 4 the
cyclist’s speed is k(200 — £2) ms™!, where k is a constant. Find

(a) the value of k, [4]

(b) the cyclist’s speed at B. [1]
(iii) Sketch, using the same axes, the velocity-time graphs for the man’s motion and the woman’s

motion from A to B. [3]
Answers. (i} 100's, 200 m; (ii)(a) 0.0003, (b) 3ms™". NO7/Q6

27 A train travels from A to B, a distance of 20 000 m, taking 1000 s. The journey has three stages. In
the first stage the train starts from rest at 4 and accelerates uniformly until its speed is ¥m s7!. In the

second stage the train travels at constant speed ¥ ms~! for 600 s. During the third stage of the journey
the train decelerates uniformly, coming to rest at B.

(i) Sketch the velocity-time graph for the train’s journey. [2]
(i) Find the value of V. [3]
(iii) Given that the acceleration of the train during the first stage of the journey is 0.15m s72, find the
distance travelled by the train during the third stage of the journey. [4]
Answers: (i} 25; ({iii) 2820 m. N08/Q6

28 A particle P is held at rest at a fixed point O and then released. P falls freely under gravity until it
reaches the point 4 which is 1.25m below O.

(i) Find the speed of P at A and the time taken for P to reach A. [3]

The particle continues to fall, but now its downward acceleration ¢ seconds after passing through A is
(10-10.37) ms .

(ii) Find the total distance P has fallen, 3 s after being released from O. [7]

Answers: (i) 5 ms™, 05s; (i) 442 m. N08/Q7

29

A motorcyelist starts from rest at A and travels in a straight line. For the first part of the motion, the
motorcyclist’s displacement x metres from A after f seconds is given by x = 0.61% — 0.004£>.

1

(i) Show that the motorcyclist’s acceleration is zero when £ = 50 and find the speed V ms™ at this
time. [5]

For t 2 50, the motorcyclist travels at constant speed Vms™!.
(ii) Find the value of f for which the motorcyclist’s average speed is 27.5m s [5]
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Answers: (i) 30ms; (i) 200. N09/42/Q7

30 Particles P and Q are projected vertically upwards, from different points on horizontal ground, with
velocities of 20m s~ and 25 ms™! respectively. Q is projected 0.4 s later than P. Find
(i) the time for which P’s height above the ground is greater than 15m, [3]
(ii) the velocities of P and @ at the instant when the particles are at the same height. [5]
N10/42/Q5
31 v(ms)
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The diagram shows the velocity-time graph for a particle P which travels on a straight line AB, where
vms~! is the velocity of P at time ts. The graph consists of five straight line segments. The particle
starts from rest when f = 0 at a point X on the line between A and B and moves towards A. The
particle comes to rest at A when f = 2.5.
(i) Given that the distance XA is 4 m, find the greatest speed reached by P during this stage of the
motion. [2]
In the second stage, P starts from rest at A when £ = 2.5 and moves towards B. The distance AB is
48 m. The particle takes 12 s to travel from A to B and comes to rest at B. For the first 2 s of this stage
P accelerates at 3 ms~2, reaching a velocity of Vms™'. Find
(ii) the value of V, [2]
(iii) the value of r at which P starts to decelerate during this stage, [3]
(iv) the deceleration of P immediately before it reaches B. [2]
N10/42/Q6
32 A particle P travels in a straight line. It passes through the point O of the line with velocity Sms™! at

time ¢ = 0, where ¢ is in seconds. P’s velocity after leaving O is given by
(0.0027 - 0122 + 1.8t + 5) ms™ L.

The velocity of P is increasing when 0 < 7 < T, and when f > T,, and the velocity of P is decreasing
when T, <t <T,.

(i) Find the values of T, and T, and the distance OP when t =T,. [7]

(ii) Find the velocity of P when t = T, and sketch the velocity-time graph for the motion of P. [3]

N10/42/Q7
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33 A particle P, is projected vertically upwards, from horizontal ground, with a speed of 30m s71 At
the same instant another particle P, is projected vertically upwards from the top of a tower of height

25 m, with a speed of 10ms™. Find

(@) the time for which P, is higher than the top of the tower, [3]

(ii) the velocities of the particles at the instant when the particles are at the same height, [5]
(iii) the time for which P, is higher than P, and is moving upwards. [3]
Answers: (i) 4 = (i) 17.5 ms™ and =2.5 ms™"; (iii) 1.75 =. J04/Q7

34 A particle is projected vertically upwards from a point @ with initial speed 12.5m s, At the same
instant another particle is released from rest at a point 10 m vertically above O. Find the height above

O at which the particles meet. [5]
Answer. 6.8m. N07/Q2
35 Two particles P and @ are projected vertically upwards from horizontal ground at the same instant.

The speeds of projection of P and @ are 12ms~' and 7 ms™' respectively and the heights of P and Q
above the ground, f seconds after projection, are /i, m and /1, m respectively. Each particle comes to
rest on returning to the ground.

(i) Find the set of values of ¢ for which the particles are travelling in opposite directions. [3]

(ii) Ata certain instant, P and ( are above the ground and 3/t = BHQ. Find the velocities of P and
( at this instant. [5]

Answers: (i) 07 <t=12; (i) 4ms™, <1ms". J11/42/Q5

36 A walker travels along a straight road passing through the points A and B on the road with speeds
0.9ms™ and 1.3 ms™! respectively. The walker’s acceleration between A and B is constant and equal
to 0.004 ms~2.

(i) Find the time taken by the walker to travel from A to B, and find the distance AB. [3]
A cyclist leaves A at the same instant as the walker. She starts from rest and travels along the straight
road, passing through B at the same instant as the walker. At time #s after leaving A the cyclist’s

speed is kr* ms™!, where k is a constant.

(ii) Show that when f = 64.05 the speed of the walker and the speed of the cyclist are the same,

correct to 3 significant figures. [5]
(ii) Find the cyclist’s acceleration at the instant she passes through B. [2]
Answers: (i) 100, 110m; (i) 0.132 ms™. J11/42/Q7

37 A particle P moves in a straight line, starting from the point @ with velocity 2ms~'. The acceleration

of P at time f s after leaving O is 26> ms™,

(i) Show that r'f' = % when the velocity of Pis 3ms~. [4]

(ii) Find the distance of P from @ when the velocity of Pis 3ms™!. 3]
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Answers. (i) f°=56 (i) OP=213m J12/42/Q3

38 A particle P moves in a straight line. It starts from rest at a point & and moves towards a point A on
the line. During the first 8 seconds P’s speed increases to 8 ms™! with constant acceleration. During
the next 12 seconds P’s speed decreases to 2ms~' with constant deceleration. P then moves with
constant acceleration for 6 seconds, reaching A with speed 6.5 ms!.

(i) Sketch the velocity-time graph for P’s motion. [2]
The displacement of P from O, at time ¢ seconds after P leaves 0, is s metres.
(ii} Shade the region of the velocity-time graph representing s for a value of ¢ where 20 < f < 26.
[1]
(iii} Show that, for 20 £t £ 26,
s=0.375£ - 13+ 202. [6]
J13/42/Q6
39  Aand B are two points which are 10 m apart on the same horizontal plane. A particle P starts to move
from rest at A, directly towards B, with constant acceleration 0.5m s>, Another particle Q is moving
directly towards A with constant speed 0.75 ms™', and passes through B at the instant that P starts to
move. At time T s after this instant, particles P and O collide. Find
(i) the value of T, [4]
(ii} the speed of P immediately before the collision. [1]
Answer. T=58 Answer. Speedof P=25 ms™ J 14/ 42/ Q2
40 A particle P moves in a straight line. At time f seconds after starting from rest at the point O on the
line, the acceleration of P is ams 2, where @ = 0.075¢ — 1.5t + 5.
(1) Find an expression for the displacement of P from O in terms of £. [4]
(ii) Hence find the time taken for P to return to the point O. [3]
Answer. (i) The displacement of P from O is = 0.00625t° —0.25¢% + 2 5¢* J15/42/Q4
or equivalent forms such as displacement of P from O = ﬁt’l —%f?’ +§f2
(i1} Time taken for P to retum to the point O is 20 5
41 A particle P starts from rest at a point O on a horizontal straight line. P moves along the line with
constant acceleration and reaches a point A on the line with a speed of 30 ms™. At the instant that
P leaves O, a particle Q is projected vertically upwards from the point A with a speed of 20ms™".
Subsequently P and  collide at A. Find
(i) the acceleration of P, [4]
(ii) the distance OA. [2]
Answer. [i) The acceleration of Pis 7.5 ms™ (ii) The distance 0Ais 60 m J15/42/Q5
42 A particle P moves in a straight line. It starts from a point © on the line with velocity 1.8 ms™'. The

acceleration of P at time ¢ s after leaving O is 0.8’ m s™2. Find the displacement of P from O when
t=16. [6]
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Answers. 111 m N11/42/Q3

43 A tractor travels in a straight line from a point A to a point B. The velocity of the tractor is vms™

time ¢ s after leaving A.

at

(i)

The diagram shows an approximate velocity-time graph for the motion of the tractor. The graph
consists of two straight line segments. Use the graph to find an approximation for

(a) the distance AB, [2]

(b} the acceleration of the tractor for 0 < ¢ < 400 and for 400 < r < 800. [2]

(i) The actual velocity of the tractor is given by v = 0.04¢ — 0.00005¢* for 0 < ¢ < 800.

(a) Find the values of # for which the actual acceleration of the tractor is given correctly by the
approximate velocity-time graph in part (i). [3]

For the interval 0 £ ¢ £ 400, the approximate velocity of the tractor in part (i) is denoted by
1

vyms .
(b) Express v, in terms of f and hence show that v| — v =0.00005(7 - 200)% - 1. [2]
(¢) Deducethat-1<v, —v<l. [2]
Answers. (i) (a) 4000 m; (b) 0.02 ms‘z, - 0.02 ms‘z; tii) {a) 200, 600 N11/42/Q7
44 A car travels along a straight road with constant acceleration ams™2. It passes through points A, B

and C; the time taken from A to B and from B to C is 55 in each case. The speed of the car at A is
ums~' and the distances AR and BC are 55 m and 65 m respectively. Find the values of @ and «. [6]

Answer: a=04, u=10. N12/42/Q3

45 A particle P starts to move from a point (@ and travels in a straight line. The velocity of P is
k(60" — F)yms~! at time rs after leaving O, where k is a constant. The maximum velocity of P
is6.4ms'.

(i) Show that & = 0.0002. [3]

P comes to instantaneous rest at a point A on the line. Find

(ii) the distance OA, [3]
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(iii) the magnitude of the acceleration of P at A, [2]

(iv) the speed of P when it subsequently passes through O. [2]
Answers: (i) 216 m; (i} 0.72 ms™; (iv) 25.6 ms™. N12/42/Q7

46 A particle P moves in a straight line. P starts from rest at O and travels to 4 where it comes to rest,
taking 50 seconds. The speed of P at time # seconds after leaving O is vms~', where v is defined as
follows.

ForO0<t<5, v=t-0.17,
for5<r=< 45, visconstant,
for45 <1< 50, v=97-0.1#-200.
(i} Find the distance travelled by P in the first 5 seconds. [3]
(ify Find the total distance from O to A, and deduce the average speed of P for the whole journey
from O to 4. [e]
Answer. Distance = 8.33 m N13/42/Q5
Answer: Total distance from Oto A= 117 m, Average speed = 2.33 ms™’

47 A particle P is projected vertically upwards with speed 11 ms™"' from a point on horizontal ground.
At the same instant a particle Q is released from rest at a point /# m above the ground. P and O hit the
ground at the same instant, when O has speed V'ms™".

(i) Find the time after projection at which P hits the ground. [2]
(ii) Hence find the values of /1 and V. [2]
Answer. 22, 242 32 N14/42/Q1
48 v(ms™!)
A
3 3] 5 >—>1(s)
|
|
|

The diagram shows the velocity-time graph for the motion of a particle P which moves on a straight
line BAC. It starts at A and travels to B taking 5s. It then reverses direction and travels from B to
C taking 10s. For the first 3 s of P’s motion its acceleration is constant. For the remaining 12 s the
velocity of P is vims™' at time s after leaving 4, where

v=-021"+4f-15 for3 <t < 15.

(1) Find the value of v when f = 3 and the magnitude of the acceleration of P for the first 3s of its
motion. [3]
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(ii) Find the maximum velocity of P while it is moving from B to C. [3]

(iii) Find the average speed of P,
(a) while moving from A4 to B,

(b) for the whole journey. [6]

Answer 4.8, 1.8, 5, 2.35, 3.00 N14/42/Q7

49 A particle is released from rest at a point & m above horizontal ground and falls vertically. The
p P g ¥
particle passes through a point 35 m above the ground with a speed of (V — 10) ms™! and reaches the
ground with a speed of Vms™'. Find

(i) the value of V, [3]

(ii) the value of H. [2]
Answer: V=40 Answer. H = 80 N15/42/Q2

50 A particle P moves along a straight line for 100 s. It starts at a point @ and at time ! seconds after

leaving O the velocity of P is vins™!, where

v = 0.00004£ - 0.0061% + 0.288¢.

(i) Find the values of t at which the acceleration of P is zero. [3]
(ii) Find the displacement of P from O when f = 100. [3]
Answer: Values of t at which acceleration is zero are t = 40 and t = 60 N15/42/Q3

Answer. The displacement of Pfrom Owhent =100 is 440 m

51 A particle P moves on a straight line, starting from rest at a point O of the line. The time after P starts
to move is fs, and the particle moves along the line with constant acceleration %m s~ until it passes

through a point A at time £ = 8. After passing through A the velocity of P is %r% ms~!.

(i} Find theacceleration of P immediately after it passes through A. Hence show that the acceleration
of P decreases by % ms~ as it passes through A. [4]1

(ii) Find the distance moved by P from¢=0to { =27. 3]

Answer. Acceleration of P = i for8=t=27witha=_L atf=8. Decrease=1_1=1 ]14/42/0'4
3 & 4 6 12

Answer. Distance moved by F=71.3m
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HOMEWORK: KINEMATICS VARIANT 41 & 43

A particle P moves on a straight line. It starts at a point @ on the line and returns to @ 100s later.
The velocity of P is vms™' at time #s after leaving O, where

v =0.0001F — 0.015 + 0.5¢.

(i} Show that P is instantaneously at rest when f = 0, t = 50 and ¢ = 100. [2]

(ii} Find the values of v at the times for which the acceleration of P is zero, and sketch the velocity-
time graph for P’s motion for 0 < ¢ < 100. [7]1

(iii) Find the greatest distance of P from O for 0 = f < 100. [4]

Answer: (i) The values of vwhen a = 0 are 4.81 and —4 81 {iii) Greatest distance of Pfrom Qis 156 m  43/]J15/7

Two particles A and B start to move at the same instant from a point 0. The particles move in the
same direction along the same straight line. The acceleration of A at time f s after starting to move is
am 5_2, where a = 0.05 — 0.0002¢.

(i) Find A’s velocity when ¢ = 200 and when ¢ = 500. [4]

B moves with constant acceleration for the first 200 s and has the same velocity as A when t = 200. B
moves with constant retardation from f = 200 to £ = 500 and has the same velocity as A when £ = 500.

(ii} Find the distance between A and B when ¢ = 500. [e]

Answer: (i) Velocity of A when t =200 is 6 ms™ Velocity of A when £ =500 is 0 ms™ 41/]15/6
(ii} Distance hetween Aand Bwhen t=500is 2083 m —1500 m=583 m

A particle P starts from rest and moves in a straight line for 18 seconds. For the first 8 seconds of the
motion P has constant acceleration 0.25 ms™>. Subsequently P’s velocity, vms™" at time ¢ seconds
after the motion started, is given by

v=—01F7+2.4t—k,

where 8 < t £ 18 and % is a constant.

(i) Find the value of v when ¢ = 8 and hence find the value of k. [2]

(ii) Find the maximum velocity of P. [2]
(iii) Find the displacement of P from its initial position when t = 18. [3]
Answer: 2, 108, 36, 347 43/N14/4

Particles P and (J move on a straight line AOB. The particles leave @ simultaneously, with 2 moving
towards A and with Q moving towards B. The initial speed of P is 1.3ms™! and its acceleration in
the direction QA is 0.1 ms™2. (O moves with acceleration in the direction OF of 0.016¢rm s, where
t seconds is the time elapsed since the instant that P and @ started to move from O. When 7 = 20,
particle P passes through A and particle {J passes through B.
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(i) Given that the speed of Q at B is the same as the speed of P at 4, find the speed of Q at time

t=0. [4]
(ii) Find the distance AB. [3]
Answer- 0.1, 69.3 41/N14/4

A particle of mass 3 kg falls from rest at a point 5 m above the surface of a liquid which is in a
container. There is no instantaneous change in speed of the particle as it enters the liquid. The depth
of the liquid in the container is 4 m. The downward acceleration of the particle while it is moving in
the liquid is 5.5ms™2.

(i) Find the resistance to motion of the particle while it is moving in the liquid. 2]

(ii) Sketch the velocity-time graph for the motion of the particle, from the time it starts to move until
the time it reaches the bottom of the container. Show on your sketch the velocity and the time
when the particle enters the liquid, and when the particle reaches the bottom of the container.

[7]

Answer: 13.5 41/N14/6

A small ball of mass 0.4 kg is released from rest at a point 5 m above horizontal ground. At the instant
the ball hits the ground it loses 12.8 J of kinetic energy and starts to move upwards.

(i) Show that the greatest height above the ground that the ball reaches after hitting the ground
is L.8m. [4]

(if) Find the time taken for the ball’s motion from its release until reaching this greatest height. [3]

Answer. 165 43/]14/4

A particle starts from rest at a point © and moves in a horizontal straight line. The velocity of the
particle is vms™! at time 7s after leaving O. For 0 < ¢ < 60, the velocity is given by

v = 0.05¢ — 0.0005£.

The particle hits a wall at the instant when # = 60, and reverses the direction of its motion. The particle
subsequently comes to rest at the point_.4 when ¢ = 100, and for 60 < ¢ < 100 the velocity is given by

v=0.025¢- 2.5.

(i) Find the velocity of the particle immediately before it hits the wall, and its velocity immediately
after its hits the wall. [2]

(i) Find the total distance travelled by the particle. [4]

(iii) Find the maximum speed of the particle and sketch the particle’s velocity-time graph for
0 < ¢t < 100, showing the value of ¢ for which the speed is greatest. [4]

Answer 12ms?  Ttms?  T4m  125ms” 43/]14/6
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A particle is projected vertically upwards with speed 9ms~' from a point 3.15 m above horizontal
ground. The particle moves freely under gravity until it hits the ground. For the particle’s motion
from the instant of projection until the particle hits the ground, find the total distance travelled and

the total time taken. [6]
Answer. Total distance travelled = 11.25 m. Total time taken=2.1s 41/]14/4

9 Two cyclists P and Q travel along a straight road ABC, starting simultaneously at A and arriving
simultaneously at C. Both cyclists pass through B 400 s after leaving A. Cyclist P starts with speed
3ms~! and increases this speed with constant acceleration 0.005 ms~ until he reaches B.

(i) Show that the distance AB is 1600 m and find P’s speed at B. [3]
Cyclist Q travels from A to B with speed vms™' at time f seconds after leaving A, where
v =0.04r - 0.00017 +k,

and k is a constant.

(ii) Find the value of & and the maximum speed of Q before he has reached B. [6]
Cyclist P travels from B to C, a distance of 1400 m, at the speed he had reached at B. Cyclist Q
travels from B to C with constant acceleration ams™".

(iii) Find the time taken for the cyclists to travel from B to C and find the value of a. [4]
Answer. Speed of P=5ms” 41/114/7

10 A car travels in a straight line from A to B, a distance of 12km, taking 552 seconds. The car starts
from rest at 4 and accelerates for 7| sat 0.3 m 572, reaching a speed of ¥ ms™'. The car then continues
to move at ¥ms~' for T, s. It then decelerates for 7; s at 1 ms™, coming to rest at B.

(i) Sketch the velocity-time graph for the motion and express T and T, in terms of V. [31

(ii) Express the total distance travelled in terms of ¥ and show that 13F~ — 3312¥ + 72000 = 0.
Hence find the value of 7. [5]

Answer. Tq=V+=03 Tz=VvV 24 43/N13/5
11 A vehicle starts from rest at a point @ and moves in a straight line. Its speed vms~" at time ¢ seconds

after leaving O is defined as follows.

For0 << 60, v=Fki—0.0057,

forf=60, v= E
Vi
The distance travelled by the vehicle during the first 60 s is 540 m.
(i) Find the value of the constant &, and show that k&, = 12 /(60). [5]
(ii) Find an expression in terms of ¢ for the total distance travelled when ¢ = 60. [2]
(iii} Find the speed of the vehicle when it has travelled a total distance of 1260 m. [3]
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Answer. 0.5  244(60f) - 900 8 ms™ 43/N13/7

12 A particle P starts from rest at a point O and moves in a straight line. P has acceleration 0.6z m s at
time f seconds after leaving @, until 7 = 10.

(i) Find the velocity and displacement from @ of 2 when = 10. [5]
After ¢ = 10, P has acceleration —0.4#m s until it comes to rest at a point 4.

(ii) Find the distance OA. 71

Answar: (i} Velocity = 30 ms™, displacement = 100 m (i) 194 m 41/N13/7

13  An aeroplane moves along a straight horizontal runway before taking off. It starts from rest at @ and
has speed 90ms™" at the instant it takes off. While the aeroplane is on the runway at time ¢ seconds
after leaving O, its acceleration is (1.5 + 0.012f) m 5. Find

(i) the value of ¢ at the instant the aeroplane takes off, [4]
(iiy the distance travelled by the aeroplane on the runway. [3]
Answer 50; 2125 m 43/]13/4

14 A particle P is projected vertically upwards from a point on the ground with speed 17ms™'. Another
particle O is projected vertically upwards from the same point with speed 7ms™'. Particle O is
projected T seconds later than particle P.

(i) Given that the particles reach the ground at the same instant, find the value of 7. [2]

(ii) At acertaininstant when both P and O are in motion, P is 5 m higher than (7. Find the magnitude
and direction of the velocity of each of the particles at this instant. [6]

Answer 2. 12ms " and 2 ms™ downwards 43/J13/5

15 The top of a cliff is 40 metres above the level of the sea. A man in a boat, close to the bottom of the
cliff, is in difficulty and fires a distress signal vertically upwards from sea level. Find

(i) the speed of projection of the signal given that it reaches a height of 5 m above the top of the
cliff, (2]

(ii} the length of time for which the signal is above the level of the top of the cliff. [2]

The man fires another distress signal vertically upwards from sea level. This signal is above the level
of the top of the cliff for /(17) s.

(iiiy Find the speed of projection of the second signal. [31

Answer: i) 30 ii) 2 iii) 35 41/]13/3
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16 A car driver makes a journey in a straight line from 4 to B, starting from rest. The speed of the car
increases to a maximum, then decreases until the car is at rest at B. The distance travelled by the car
t seconds after leaving 4 is 0.000011 7(4007' — 3¢*) metres.

(i) Find the distance AB5. 3]
(ii) Find the maximum speed of the car. [4]

(iii) Find the acceleration of the car
(a) as it starts from A,

() as it arrives at B.

(2]

(iv) Sketch the velocity-time graph for the journey. 2]

Answer: i) 1170 ii) 20.8 iii) -1.40 iv) 41/J13/7

17 A particle moves in a straight line. Its velocity f seconds after leaving a fixed point @ on the line is
vms~!, where v = 0.2f + 0.0062. For the instant when the acceleration of the particle is 2.5 times its
initial acceleration,

(i) show that r = 25, [3]
(ii) find the displacement of the particle from O. [3]
Answer (i) 93.8m. 43/N12/2

18 A particle P is projected vertically upwards, from a point O, with a velocity of 8ms~'. The point A
is the highest point reached by P. Find

(i) the speed of P when it is at the mid-point of OA, [4]
(ii) the time taken for P to reach the mid-point of @A while moving upwards. [2]
Answers. (i) 566 ms™; (i) 0234s. 43/N12/3

19 An object is released from rest at a height of 125 m above horizontal ground and falls freely under
gravity, hitting a moving target P. The target P is moving on the ground in a straight line, with
constant acceleration 0.8 ms~2. At the instant the object is released P passes through a point O with
speed 5ms~!. Find the distance from O to the point where P is hit by the object. [4]1

Answer: 35 m. 41/N12/1

20 Particle P travels along a straight line from A to B with constant acceleration 0.05 ms™2. Its speed at
Ais 2ms™" and its speed at B is Sms™.

(i) Find the time taken for P to travel from A to B, and find also the distance AB. 3]
Particle Q) also travels along the same straight line from A to B, starting from rest at A. Attime s

after leaving A, the speed of Q is kr ms™', where k is a constant. (2 takes the same time to travel
from A to B as P does.
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(ii) Find the value of & and find Qs speed at B. [5]

Answers: (i} 60 =, 210 m; (i} k= 0.0000648, 14 ms". 41/N12/5
21 A particle P travels from a point @ along a straight line and comes to instantaneous rest at a point A.
The velocity of P at time ¢ s after leaving O is vms™!, where v = 0.027(10£* - £*). Find
(i) the distance OA, [4]
(ii) the maximum velocity of P while moving from O to A. 131
Answers. (i)225m (i) 4 ms™ 43/J12/3
22 A particle P starts at the point O and travels in a straight line. At time f seconds after leaving O the
velocity of Pisvm s~ where v = 0.75¢£ — 0.0625¢°. Find
(i) the positive value of f for which the acceleration is zero, [3]
(ii) the distance travelled by P before it changes its direction of motion. [5]
Answers: (i) t =8s (iiy 102 m 41/]12/4
23 vims™h
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A woman walks in a straight line. The woman’s velocity f seconds after passing through a fixed point
A on the line is vims™'. The graph of v against f consists of 4 straight line segments (see diagram).
The woman is at the point B when # = 60. Find

(i) the woman’s acceleration for 0 < f < 30 and for 30 < f < 40, [3]

(ii) the distance AR, [2]

(iii) the total distance walked by the woman. [1]
Answers: {i) 0.02 ms”, 021 ms™; (ii) 42.5 m; (iii) 86.5 m 43/N11/1
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24 A particle P moves in a straight line. It starts from rest at A and comes to rest instantaneously at B.
The velocity of P at time ¢ seconds after leaving A is vms™', where v = 6> — kf* and k is a constant.

(i) Find an expression for the displacement of P from A in terms of f and £. [2]
(ii) Find an expression for ¢ in terms of £ when P is at B. [1]

Given that the distance AB is 108 m, find

(iii) the value of k, (2]
(iv) the maximum value of v when the particle is moving from A towards B. [3]
Answers: (i} 2t° — kt*d; (i) 6/k; (iii) 1 (iv) 32 43/N11/5

25 A particle P starts from a point @ and moves along a straight line. P’s velocity ¢ s after leaving O is
-1
vms , where

v=0.161 0016

P comes to rest instantaneously at the point A.

(i) Verify that the value of # when P is at A is 100. [1]
(ii) Find the maximum speed of P in the interval 0 < t < 100. [4]
(iii) Find the distance OA. [3]
(iv) Find the value of f when P passes through O on returning from A. [2]
Answers: {ii) 16.9 ms™ {or 16 78 ms™}; (iii) 1070 m; {iv) ¢ = 144 seconds 41/N11/7
26 |4 (m S_])
A
4 ........
2.5
Particle P
Particle ) —————
0 0T > 10

The diagram shows the velocity-time graphs for the motion of two particles P and @, which travel
in the same direction along a straight line. P and Q both start at the same point X on the line, but
@ starts to move T's later than P. Each particle moves with speed 2.5ms™! for the first 20s of its
motion. The speed of each particle changes instantaneously to 4 ms™! after it has been moving for
20 s and the particle continues at this speed.
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(i) Make a rough copy of the diagram and shade the region whose area represents the displacement
of P from X at the instant when ( starts. [1]

It is given that P has travelled 70 m at the instant when Q starts.
(ii} Find the value of T. [2]
(iii) Find the distance between P and  when (’s speed reaches 4m sl [2]

(iv) Sketch a single diagram showing the displacement-time graphs for both P and @, with values

shown on the f-axis at which the speed of either particle changes. [2]
Answers. {ii) 25; (iii) 100 m. 43/]11/4

27 A particle travels in a straight line from A to B in 20s. Its acceleration f seconds after leaving A is

ams™, where a = % 2 ﬁr—“‘. It is given that the particle comes to rest at B.

(i) Show that the initial speed of the particle is zero. [4]

(ii) Find the maximum speed of the particle. [2]

(iii) Find the distance AB. [4]
Answers. (i) 5.27 ms™"; (iii) 50 m. 43/111/7

28 A train starts from rest at a station A and travels in a straight line to station B, where it comes to rest.
The train moves with constant acceleration 0.025 m s~2 for the first 600 s, with constant speed for the
next 2600 s, and finally with constant deceleration 0.0375 m 52,
(i) Find the total time taken for the train to travel from A to B. [4]
(ii) Sketch the velocity-time graph for the journey and find the distance AB. [31

(iii) The speed of the train f seconds after leaving A is 7.5m s, State the possible values of . [1]

Answers. {i) 3600 s; (i) 46 500 m {or 46.5 km); (iii) 300, 3400. 41/J11/5

29 A particle travels in a straight line from a point P to a point . Its velocity f seconds after leaving P
is vms™', where v = 4f— %F’. The distance PQ is 64 m.

(i) Find the time taken for the particle to travel from P to Q. [5]
(ii) Find the set of values of ¢ for which the acceleration of the particle is positive. [4]
Answers: (i) 8s; (i) 0=(=462 41/]11/6
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30 A particle starts from rest at a point X and moves in a straight line until, 60 seconds later, it reaches a
point Y. At time ¢ s after leaving X, the acceleration of the particle is

0.75ms2 for 0O<t<4,
Oms2 for 4de<t<sd,
—0.5ms? for 54<t<60.

(i) Find the velocity of the particle when # = 4 and when ¢ = 60, and sketch the velocity-time graph.

(3]

(ii) Find the distance XY. 2]

Answers: (i) 3ms™, 0ms™ (i) 165 m. 43/N10/4

31 A particle travels along a straight line. It starts from rest at a point A on the line and comes to rest
again, 10 seconds later, at another point B on the line. The velocity ¢ seconds after leaving A is

0722 - 0.00687 for 0<f<5,
24024 for S5<r<10.

(i) Show that there is no instantaneous change in the acceleration of the particle when = 5. [4]
(ii) Find the distance AB. [4]
Answer. (ii) 35 m. 43/N10/6
32 v(ms™)
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Two particles P and Q move vertically under gravity. The graphs show the upward velocity vms™

of the particles at time ¢ s, for 0 < f € 4. P starts with velocity Vms™' and Q starts from rest.
(i) Find the value of V. [2]

Given that () reaches the horizontal ground when £ = 4, find
(ii) the speed with which Q reaches the ground, [1]

(iii) the height of ¢ above the ground when r = 0. [2]
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Answer: i) 20 ii) 40 iii) 80 41/N10/1

33 A particle P starts from a fixed point € at time 7 = 0, where f is in seconds, and moves with constant
acceleration in a straight line. The initial velocity of P is 1.5ms™' and its velocity when £ = 10 is
3.5ms\.

(i) Find the displacement of P from @) when f= 10. [2]
Another particle Q also starts from @ when t = (0 and moves along the same straight line as P. The
acceleration of O at time ¢ is 0.03rms 2.

(ii) Given that ( has the same velocity as P when # = 10, show that it also has the same displacement
from O as P when t = 10. [5]
Answer: i) 25 ii) 41/N10/4
34 A particle starts at a point @ and moves along a straight line. Its velocity ¢s after leaving O is
(1.2t —0.12*) ms™'. Find the displacement of the particle from O when its acceleration is 0.6 m s™2.
[5]
Answer 3.13m. 43/]10/2
35 A ball moves on the horizontal surface of a billiards table with deceleration of constant magnitude

dms2. The ball starts at A with speed 1.4ms~' and reaches the edge of the table at B, 1.2 s later,
with speed 1.1ms™!,

(i) Find the distance AB and the value of d. [3]

AB is at right angles to the edge of the table containing B. The table has a low wall along each of its
edges and the ball rebounds from the wall at B and moves directly towards A. The ball comes to rest
at C where the distance BC is 2 m.

(ii) Find the speed with which the ball starts to move towards A and the time taken for the ball to
travel from B to C. 3]

(iii) Sketch a velocity-time graph for the motion of the ball, from the time the ball leaves A until it
comes to rest at C, showing on the axes the values of the velocity and the time when the ball is
atA, at B and at C. [2]

Answers: (i} 1.5m, 0.25; (i) 1ms™, 4s. 43/]10/5
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The diagram shows the velocity-time graph for the motion of a machine’s cutting tool. The graph
consists of five straight line segments. The tool moves forward for 8 s while cutting and then takes
3 s to return to its starting position. Find

(i) the acceleration of the tool during the first 2 s of the motion, [1]
(ii) the distance the tool moves forward while cutting, [2]
(iii) the greatest speed of the tool during the return to its starting position. 2]
Answer: i) 0.09 ii) 1.08 iii) 0.72 41/]10/2
37 A vehicle is moving in a straight line. The velocity vms~' at time ¢ s after the vehicle starts is given
by

v=A(t—0.05%) for0D<r<15,
V= Ez forr > 15,
T
where A and B are constants. The distance travelled by the vehicle between ¢ =0 and r = 15 is 225 m.
(i) Find the value of A and show that B = 3375. [5]

(ii) Find an expression in terms of ¢ for the total distance travelled by the vehicle when ¢ = 15. [3]

(iii) Find the speed of the vehicle when it has travelled a total distance of 315 m. [3]

Answer: i) 4 ii) 450-3375/tiii) 5.4 41/]10/7

38

A lift moves upwards from rest and accelerates at 0.9 ms~2 for 3s. The lift then travels for 6 s at
constant speed and finally slows down, with a constant deceleration, stopping in a further 4 .

(i) Sketch a velocity-time graph for the motion. [3]

(ii) Find the total distance travelled by the lift. [2]

Answer: Trapezium with 0, 3, 9 and 13 shown on the t-axis. 2.7 shownonthe v-axis  J16/41/Q1
Arrswer: Total distance travelled =257 m
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39

A particle P moves in a straight line. It starts at a point O on the line and at time 7 s after leaving O it
has a velocity vim s'lﬁ where v = 612 — 30 + 24.

(i} Find the set of values of f for which the acceleration of the particle is negative. [2]

(ii} Find the distance between the two positions at which P is at instantaneous rest. [4]
(iii) Find the two positive values of r at which P passes through O. [3]
Answer: t< 25 Answer: Distance between the two positions =27m  J16/41/Q6

Answer: The two values of fat which the particle passes through O aret =231 and t=5.19

40

Alan starts walking from a point O, at a constant speed of 4ms!, along a horizontal path. Ben
walks along the same path, also starting from . Ben starts from rest 5 s after Alan and accelerates at
1.2ms 2 for 55. Ben then continues to walk at a constant speed until he is at the same point, P, as
Alan.

(i} Find how far Ben has travelled when he has been walking for 5 s and find his speed at this instant.

[2]

(i1} Find the distance OF. [3]

Answer: 15m  6ms' 90m J16/43/Q2

41

A particle P moves in a straight line ABCD with constant deceleration. The velocities of P at A, B
and C are 20ms™!, 12ms™! and 6ms~! respectively.

(i} Find the ratio of distances AB : BC. [4]

(ii} The particle comes to rest at [. Given that the distance AD is 80 m, find the distance BC.  [3]

Answers: (i) AB:BC =64 27 (i) The distance BCis 21.6m J17/41/Q5

42

A particle P moves in a straight line passing through a point O. At time s, the velocity of P, vms™!,

is given by v = gt + 1%, where g and r are constants. The particle has velocity 4ms~! when ¢ = 1 and
when r = 2.

(i) Show that, when ¢ = (0.5, the acceleration of P 1s 4m 52, [4]
(ii) Find the values of f when P is at instantaneous rest. [2]
(iii) The particle is at @ when # = 3. Find the distance of P from O when = 0. [4]

Answers: (i) Acceleration at t=0.5is 4 ms ™= (Answer given) (i) The values of f when P is at J17/41/Q6

instantanecus rest are f=0and =3 {iii) The distance of £ from Owhen{=0is 9m
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43 A train travels between two stations, A and B. The train starts from rest at A and accelerates at a
constant rate for T's until it reaches a speed of 25 ms™'. It then travels at this constant speed before
decelerating at a constant rate, coming to rest at B. The magnitude of the train’s deceleration is twice
the magnitude of its acceleration. The total time taken for the journey is 180s.

(i) Sketch the velocity-time graph for the train’s journey from A to B. [1]

v(ms
A

> 7 (S)

o

(ii) Find an expression, in terms of T, for the length of time for which the train is travelling with
constant speed. [2]

(iii) The distance from A to B is 3300 m. Find how far the train travels while it is decelerating. [3]

Answers:(il) 180-1.5T (iii) 400m J17/43/Q3

44 A particle P moves in a straight line starting from a point Q. At time 7 s after leaving O, the velocity,
vms ! of Pis given by v = (27 — 5)3.

(i) Find the values of f when the acceleration of P is 54 m 572, [3]

(ii) Find an expression for the displacement of P from O at time 7 s. [3]
Answers:(i) t=1or4 (i) s={2t-5)*5 —625/8 J17/43/Q4

45 A particle is projected vertically upwards from a point O with a speed of 12ms~!. Two seconds later

a second particle is projected vertically upwards from O with a speed of 20ms~!. At time ¢s after the

second particle is projected, the two particles collide.

(i) Find . [5]

(ii) Hence find the height above @ at which the particles collide. [1]
Answers: (i) 0.143 (i) 2.76 m J17/43/Q5

46 A particle P is projected vertically upwards with speed 24 m s7! from a point 5 m above ground level.

Find the time from projection until P reaches the ground. [3]
Answer. Time from projection until P reaches the ground is 5 seconds J18/41/Q1
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47

A particle P moves in a straight line starting from a point Q. At time 7s after leaving O, the
displacement s m from O is given by § = > — 4¢2 + 4t and the velocity is vms™.

(i) Find an expression for v in terms of . [2]
(ii) Find the two values of f for which P is at instantaneous rest. [2]
(iii) Find the minimum velocity of P. [3]

Answers: (i) The velocity is given by v= 31 — &t + 4 {ii) The two values of tat which P is at instantaneous  ]J18/41/Q4

2 4 _
restare t =2 and t=§[]|'|'] The minimum velocity of P cccurs when f=§ andis v=—— ms '

48 A sprinter runs a race of 200 m. His total time for running the race i1s 20s. He starts from rest and
accelerates uniformly for 6's, reaching a speed of 12 m s~!. He maintains this speed for the next 10s,

before decelerating uniformly to cross the finishing line with speed V ms™L.

(i) Find the distance travelled by the sprinter in the first 16 s of the race. Hence sketch a displacement-
time graph for the 20 s of the sprinter’s race. [6]

displacement (m)
A

200

0 —» time (8)
0 20

(ii) Find the value of V. [2]
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Answers: (i} The distance travelled in the first 16 seconds is 156 m ]18/4.1/Q5
The displacement time graph involves three curves which join smoothhby.
A cunve, concave upwards from (0,0} to (6,36).
A straight line from (6,36) to (16,156).
A cunve, concave downwards from (16,156) to (20,200)
(ii) The value of ¥is 10

49 v(ms!)
A

16

0 -
0 40 600 £(s)

The diagram shows the velocity-time graph for a train which travels from rest at one station to rest at
the next station. The graph consists of three straight line segments. The distance between the two

stations is 9040 m.

(1) Find the acceleration of the train during the first 40 s. [1]

(ii) Find the length of time for which the train is travelling at constant speed. [2]

(ifi) Find the distance travelled by the train while it is decelerating. [2]
Answers: (i) 0.4ms™ {ii) 5305 (iii) 240m J18/43/Q1

50 A small ball is projected vertically downwards with speed 5ms~! from a point A at a height of 7.2m

above horizontal ground. The ball hits the ground with speed V ms™! and rebounds vertically upwards
with speed %V ms~!. The highest point the ball reaches after rebounding is B. Find V and hence find

the total time taken for the ball to reach the ground from A and rebound to B. [3]
Answer. 13, 1455 ]18/43/Q2
51 A particle P moves in a straight line starting from a point @. The velocity vims™ of P at time ¢ s is
given by

v=12r—4* for0<grg?2,
v=16-4r for2<r<4

(i) Find the maximum velocity of P during the first 2 s. [3]

(ii) Determine, with justification, whether there is any instantaneous change in the acceleration of P

[2]

when t = 2.
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(iii) Sketch the velocity-time graph for0 £ ¢ € 4. [3]

v(msh
A
. —1(5)
0 2 4
(iv) Find the distance travelled by P in the interval O £ ¢ € 4. [5]
Answers: (i) 9me™" (i} Mo instantanecus change {iv) 21.3m ]18/43/Q7
52 A particle P is projected vertically upwards from a point ¢. When the particle is at a height of 0.5 m,
its speed is 6ms~". Find
(i} the greatest height reached by the particle above O, [3]
(ii) the time after projection at which the particle returns to O. [3]
N16/41/Q3
53 A racing car is moving in a straight line. The acceleration am s~2 at time 7 s after the car starts from

rest is given by
a=15-3 for0<r<5,

ﬂ:—ﬁf2 forS5<r=<k,
where k is a constant.
(i} Find the maximum acceleration of the car in the first five seconds of its motion. [3]
(ii) Find the distance of the car from its starting point when r = 5. [3]
(iii} The car comes to rest when ¢ = k. Find the value of k. [5]
Answer. The maximum acceleration in the first five seconds is 18.75ms " N16/41/Q7

Answer. The distance of the car from its stariing pointat f=5is 156.25m

Answer: k=10
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54 A ball A is released from rest at the top of a tall tower. One second later, another ball B is projected
vertically upwards from ground level near the bottom of the tower with a speed of 20ms™!. The two
balls are at the same height 1.5s after ball B is projected.

(1) Show that the height of the tower is 50m. [3]

(ii) Find the length of time for which ball B has been in motion when ball A reaches the ground.
Hence find the total distance travelled by ball B up to the instant when ball A reaches the ground.

[3]

Answer: Length of time for which ball B is in motion when ball A reaches the ground is 2.16s N16/43/Q4
Total distance travelled by ball 5 up to the instant ball A reaches the ground is 20.1m

55 A particle P starts from a fixed point @ and moves in a straight line. At time ¢ s after leaving O, the
velocity vim sTof Pis given by v = 6f — 0.37%. The particle comes to instantaneous rest at point X.

(I) Find the distance OX. [4]
A second particle Q starts from rest from O, at the same instant as P, and also travels in a straight
line. The acceleration ams™2 of @ is given by a = k — 12¢, where k is a constant. The displacement

of Q from O is 400 m when ¢ = 10.

(ii) Find the value of k. [4]

Answer. The distance OXis 400m  Answer k = 48 N16/43/Q5

56 v(ms1
A

v
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» 7 (S)

=15

The diagram shows the velocity-time graph of a particle which moves in a straight line. The graph
consists of 5 straight line segments. The particle starts from rest at a point A at time £ = 0, and initially
travels towards point B on the line.

(i) Show that the acceleration of the particle between f =3.5and f=61s-10m s2. [1]

(ii) The acceleration of the particle between f = 6 and r = 10 is 7.5 ms 2. When = 10 the velocity
of the particle is ¥V m s~1. Find the value of V. [2]

(iii) The particle comes to rest at B at time T s. Given that the total distance travelled by the particle
between f = 0 and ¢t = T i1s 100 m, find the value of T'. [4]
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Answer. The acceleration between t=35and f=6is —10ms = (given) A7swer V=13 N17/41/Q4

Answer. T=135

57 A particle starts from a point @ and moves in a straight line. The velocity of the particle at time 78
after leaving O is vms™!, where

v=15+404r forO<r<5,

V= %—O.Ir fortz 5.

(i) Find the acceleration of the particle during the first 5 seconds of motion. [1]
(ii) Find the value of f when the particle is instantaneously at rest. [2]
(iii) Find the total distance travelled by the particle in the first 10 seconds of motion. [5]
Answer. Acceleration iz D.4 ms™ Answer t=10 N17/41/Q5

Answer. The distance fravelled in the first t2n seconds of motion is 18.75m

58 A particle starts from a fixed origin with velocity 0.4ms™! and moves in a straight line. The

acceleration ams 2 of the particle 7 s after it leaves the origin is given by a = k(Srl2 —12¢ + 2), where

k is a constant. When r = 1, the velocity of Pis0.1m s

(i) Show that the value of k15 0.1. [5]

(i) Find an expression for the displacement of the particle from the origin in terms of 1. 21

(iii) Hence verify that the particle is again at the origin at f = 2. 1]
Anzswers: (i} Answer Given (i} =0025¢f — 0.28 + 0.1F + 0.4¢ (i) Answer Given N17/43/Q5
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The diagram shows the velocity-time graphs for two particles, P and (J, which are moving in the same
straight line. The graph for P consists of four straight line segments. The graph for @ consists of
three straight line segments. Both particles start from the same initial position € on the line. Q starts

2 seconds after P and both particles come to rest at time ¢ = 7. The greatest velocity of Q0 is Vm 571,
(i) Find the displacement of P from O at¢ = 10. [1]

(ii) Find the velocity of P att= 12. 2]

(iii} Given that the total distance covered by P during the T seconds of its motion is 49.5 m, find the
value of T'. [3]

(iv) Given also that the acceleration of Q fromt=2tofr=61is 1.75m 5'2, find the value of V and
hence find the distance between the two particles when they both come to rest atf =T 31

Answers: [i} 42m (i) 3ms™" (iii} 15 {iv) Tm="" and 101 m N17/43/Q6

60 A particle moves in a straight line starting from rest from a point O. The acceleration of the particle
at time 7 s after leaving O is @ams ™2, where

a=54-1.62t.

(i) Find the positive value of ¢ at which the velocity of the particle is zero, giving your answer as an
exact fraction. [4]

(ii) Find the velocity of the particle at f = 10 and sketch the velocity-time graph for the first ten

seconds of the motion. [3]
(iii) Find the total distance travelled during the first ten seconds of the motion. [5]
Answers: (I} t= % =6§ N18/41/Q7

20
(ii} The v-fgraph is an inverted parabola, passing through the points (D,0), [? ,0)and (10, -27)
(iii) BOm
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61 A runner sets off from a point P at time £ = 0, where ¢ is in seconds. The runner starts from rest
and accelerates at 1.2ms 2 for 5s. For the next 12s the runner moves at constant speed before
decelerating uniformly over a period of 3 s, coming to rest at 2. A cyclist sets off from P at time
t = 10 and accelerates uniformly for 10s, before immediately decelerating uniformly to rest at { at

time £ = 30.
(i) Sketch the velocity-time graph for the runner and show that the distance PQ is 96 m. [4]
v(ms)
A
T T T » 7 (S)
0 10 20 30
(ii) Find the magnitude of the acceleration of the cyclist. [3]
Answer: 96M (AG) gpcwer 0 968ms™ N18/43/Q4

62

A particle moves in a straight line. The particle is initially at rest at a point O on the line. At time £s
after leaving @, the acceleration @ m s of the particle 1s given by @ = 25 — £for0<r<0.

(i) Find the maximum velocity of the particle in this time period. [4]
(ii) Find the total distance travelled until the maximum velocity is reached. [2]
13
The acceleration of the particle forz > 9 is given by a = —3r_%.
(iii) Find the velocity of the particle when # = 25. [4]
Answer: 83.3ms”  Apswer 260m Answer —30ms"' N18/43/Q7
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63 A particle P starts from rest at a point O of a straight line and moves along the line. The displacement
of the particle at time ¢ s after leaving @ is x m, where

x = 0.08¢* — 0.0002¢.

(i} Find the value of t when P returns to (? and find the speed of P as it passes through O on its
return. [4]

(ii} For the motion of P until the instant it returns to @, find

(a) the total distance travelled, [3]
(h) the average speed. [2]
Answer () 400s 32 ms™ (i) {a) 3790 m {ii) (b) 9.48 ms™’ N15/43/Q6

64 A particle P moves in a straight line, starting from a point Q. The velocity of P, measured in ms™!,

at time £ s after leaving O is given by

v = 0.6t — 0.03%.

(i) Verify that, when f = 5, the particle is 6.25 m from O. Find the acceleration of the particle at this
time. [4]

(ii) Find the values of f at which the particle is travelling at half of its maximum velocity. [6]

Answers: Given: At f= 5 the particle s 625 m fram O Acceleration of the particle when ¢ =5 is 0.3 ms™ N15/41/Q6
Answer: Values of f when the particle is travelling at half of its maximum velocity: £ =293 5 and t=17.07 s

65 A cyclist starts from rest at point A and moves in a straight line with acceleration 0.5ms™> for a
distance of 36 m. The cyclist then travels at constant speed for 25s before slowing down, with
constant deceleration, to come to rest at point B. The distance AB is 210 m.

(i) Find the total time that the cyclist takes to travel from A to B. [5]
24 s after the cyclist leaves point A, a car starts from rest from point A, with constant acceleration
4ms~2, towards B. It is given that the car overtakes the cyclist while the cyclist is moving with

constant speed.

(ii) Find the time that it takes from when the cyclist starts until the car overtakes her. [5]

Answer: Total time taken by the eyclist to travel from Ato Bis 12 + 25 +8 =45 seconds  N15/41/Q7

Answer: F —51f + 534 = 0 has solutions £ = 18 [rejected) and £ = 33. Time taken to overtake is 33 seconds
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FORCES AND EQUILIBRIUM

TYPES OF FORCES

Weight

If Thold a brick, I feel it exerting a.downward force on my hand. If I let go, the brick will
fall to the ground. The force I.felt.on my hand is now free to pull the brick towards the
ground. This force, the gravitational attraction of the earth on the brick is called- the
weight of the brick. It always acts vertically downwards (towards the centre of the earth).
The weight of a brick of mass 2 kg 1s about 20 N (Fig.23.3). This will give some idea of
the size of the Newton. In fact, a mass of m kg will have a weight of mg N (= 10m N).
We shall assume this for the rest of this chapter and discuss it further in the next chapter,
Note that weight is the one inescapable force on earth. All bodies have weight.

2kg.
_ weight
Fig.23.3° | 20N

Reaction

If I place the brick, of weight 20 N, on:a horizontal table; it does not move: We say that:
the-brick is in equilibrium. Now it would be unrealistic. to-assume that the-gravitational
attraction has ceased, so there must:be an opposing force exactly equal to 20'N, acting
vertically upwards and.also through the CG (Fig.23.4(a))..

Reaction 20 N’

|

ca|weight: ca|
] |2on S AR |

Reaction-20 N i o

Fig. 23.4

This is the normal reaction on. the-brick from.the table; normal: in: the geometrical
sense of being at right angles to the common:surface. Sometimes this force: is called the
normal contact force. In diagrams we shiow only-the forces-acting on a body, so Fig:23.4(b}.
shows the forces on:the brick. Note also that the dimensions of the body are not relevant
in this context. The brick is.treated as a particle.
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Tension

1£ T suspend. the brick by a string. (or spring) and the string does not break, the brick is
again in equilibrium (Fig.23.5).

Tension 20 N

-——1»

Fig. 23.5 'l'wEight 20N ‘20N

In this case the force which equalizes the weight passes along the string and is called
the tension in the string. If using a spring, the weight will also stretch the spring until the
equilibrium position' is reached. (We regard the string as being inextensible, i.e. any
stretch is too small to be noted.) '

RESULTANTS

A force has both magnitude and direction, which means it {s a vector quantity. The magnitude ofa
force is measured in newtans (N).

To find the combined effect of a number of forces we can use the triangle
rule, placing the start of the second foree at the end of the first.

In the diagram, F is combined with F, by placing F, at the end of F..

The size and direction of the resullant of the two forces, R, are given

by the third side of the triangle.

Or we can use the parallelogram rule, placing both forces with the same
starting point and completing a parallelogram.

In the dingram the forces F, and F, are placed together with the same
starting point. Their resultant R is the diagenal of the parallelogram.
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EXAMPLE 1

An anchor is being pulled using ropes by two sailors
with forces of 40 N and 80N, as shown in the diagram.
The angle between the two forces is 30°..

Find the magnitude and direction of the resultant
of the two forces.

COMPONENTS

Previously we have locked 2t combining two forces into a single force
{ealled the resultant). We will now look at the reverse process, which
involves taking a single force and breaking it up into comyponents. v,
In this process we resolve the force into two components ¥
{or resolved parts) n perpendicular directions.

To resolve a force in two perpendicular directions, consider

the diagram on the right.

ox
cosf= 5 giving OX = Fcos 8

L 4

oY
sing ==, givingOY =F sin 9 0 x ¥

The force in the x-direction, OX, is Fcos 8and in the y-direction, OY,
is Fsin &

EXAMPLE 2

Using the diagram, find the components of the given force in the direction of on

a) the x-axis

b} the y-axis. S
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FORCES IN EQUILIBRIUM

EXAMPLE 3

A mass of 10kg is suspended in equilibrium by two light
inextensible strings A and B, which make angles

of 15° and 35°, respectively, ta the horizontal, as shown
in the diagram. Calculate the tensions in the strings.

Take g = 10ms™

EXAMPLE 4

A particle of mass 4kg is suspended in equilibrium
from two light inextensible strings that are at angles
of 52° and 46° to the vertical. Calculate the tensions
T1 and T2 in the two strings.

Take g =10ms™.

EXAMPLE 5

Three forces of 15N, 8N and XN cn a particle keep 16W
it in‘equilibrinin, as shown in-the diagram.
Find X and 6.
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LAMI'S THEOMREM

EXAMPLE 6

A particle of weight 10 N is suspended by 2 strings. If these strings make angles of 30°C and 40°C to
the horizontal, find the tensions in the string

10N

QUESTION 2
N12/41/Q4

Three coplanar forces of magnitudes 8N, 12N and 2N act at a point. The resultant of the forces has
magnitude R N. The directions of the three forces and the resultant are shown in the diagram. Find R
and 9. [71
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QUESTION 3

N12/42/Q4
".‘
'y
MTSN
- - »X
()I
68 N i 100N

Find
(i) the components of the three forces in the positive y-direction,

(ii) the magnitude and direction of the resultant of the three forces.

Three coplanar forces of magnitudes 68 N, 75 N and 100 N act at an origin , as shown in the diagram.
The components of the three forces in the positive x-direction are —60 N, 0N and 96 N, respectively.

(3]
[4]

QUESTION 4
N14/42/Q4

30N

25N

20NN

Three coplanar forces act at a point. The magnitudes of the forces are 20N, 25N and 30N, and the
directions in which the forces act are as shown in the diagram, where sino« = 0.28 and cos o = 0.96,
and sin 8 = 0.6 and cos = 0.8.

(i) Show that the resultant of the three forces has a zero component in the x-direction. [2]
(ii) Find the magnitude and direction of the resultant of the three forces. [2]

(iii) The force of magnitude 20 N is replaced by another force. The effect is that the resultant force

is unchanged in magnitude but reversed in direction. State the magnitude and direction of the
replacement force. [1]
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QUESTION 5
J12/42/Q4

12N
FN

15N

Three coplanar forces of magnitudes £ N, 12N and 15 N are in equilibrium acting at a point P in the
directions shown in the diagram. Find & and F. [4]
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FRICTION

I place the brick on a horizontal.table. and. try to push it along (Fig.23.6).

T Reaction 20 N’

_ : s
e
Friction | :
Fig. 23.5 ,1 Weight 20 N.

I have. to exert a force to do so. There is resistance to:my push, called the frictionak:
resistance or simply friction. We study this in more detail later. In this sitnation there are:
four forces acting.on the brick. Note that the weight and normal reaction are still equal’
and opposite and the brick is in vertical equilibrium: ¥ I push harder, eventually [
overcome the-frictional force and the horizontal equilibrium will:be broken.

EXAMPLE 7

A brick of mass 2 kg is ot fest on 3 cough horizontal surfoce. The cosfiiclant of friction
batwaen tha brick and the suzface is 0.9,

Caleulate the frictional foree acting on the brick when 2 horizontal foree X is applied
to the brick and its magnitude s

a] LON B} 15N €] 35N, R
Caleulate the magnitude of any Y
acceleratlon that takes place due
to motion > %
Take ras 10ms™. F“mmvnTmrmnr
2§
EXAMPLE 8

A particle of mass I kg rests on a horizontal floor. The coefficient of friction between the particle
and the floor is % What force is required just to make the particle move when :

a) Pulling horizontally,
b) Pulling at an angle of 30°C to the horizontal?
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EXAMPLE 9
N14/41/Q4

40N

AN

A B 30° C

Forces of magnitude XN and 40 N act on a block B of mass 15 kg, which is in equilibrium in contact

with a horizontal surface between points 4 and C on the surface. The forces act in the same vertical
plane and in the directions shown in the diagram.

() Given that the surface is smooth, find the value of X. [2]
(ii) It is given instead that the surface is rough and that the block is in limiting equilibrium. The

frictional force acting on the block has magnitude 10N in the direction towards 4. Find the
coefficient of friction between the block and the surface. [5]

ROUGH INCLINED PLANES

The diagram shows a body of mass w1 resting on & rough inclined plane
that is at an angle of 8to the horizontal. There is no motion, so resolving
at right angles to the plane, R = mg cos 8.

As the parallel force mg sin £ is acting down the plane, the
frictional force F opposes the direction of this force.

In the systen's limiting equilibrium state: mgsing
F, =R
= Lmg cos &

EXAMPLE 10
A sledge of mass 10kg is-about to slip as it rests in limiting equilibrium-cn a rough
inclined plane, at 30*to-the horizontal. Find the coefficient of friction

between the sledge and thie plane,

Take gas 10m's2. F

paraik
P
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EXAMPLE 11

A van is ::arrying-fruit'from'the local market. Tt hréaks down on a'steep hill
inclined at 30° to thie hibrizontal. Given that the van and fruit have a mass of
1500 kg and.the coefficient of friction between the var's wheels anid the suiface is
0.56, find the force. X parallel to the surface that must bé applied ta the vanto
prevent motion dovwn thehill,

Take gas I0ms™.

EXAMPLE 12

A particle of mass 1 kg is placed on a rough plane inclined at an angle 30° 1o the

horizontal. The coefficient of friction is % Find the least force parallel to the plane
that is required

{a) to hold the particle at rest,
(b) to make the particle slide up the plane.

QUESTION 13
N14/41/Q2

Small blocks A and B are held at rest on a smooth plane inclined at 30° to the horizontal. Each is
held in equilibrium by a force of magnitude 18 N. The force on A acts upwards parallel to a line of
greatest slope of the plane, and the force on B acts horizontally in the vertical plane containing a line
of greatest slope (see diagram). Find the weight of A and the weight of B. [4]
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HOMEWORK: FORCES & EQUILIBRIUM VARIANT 42

10N 10N

6N

Three coplanar forces of magnitudes 10N, 10N and 6 N act at a point P in the directions shown in the
diagram. PQ is the bisector of the angle between the two forces of magnitude 10 N.

(i) Find the component of the resultant of the three forces

(a) in the direction of PQ, [2]
(b) in the direction perpendicular to PQ. [1]
(ii) Find the magnitude of the resultant of the three forces. [2]
Answers: (i)(a) 14.3 N, (b) 5.20 N; (ii) 15.2 N. J03/Q2
300N
100N
707
250N

Coplanar forces of magnitudes 250N, 100N and 300N act at a point in the directions shown in the
diagram. The resultant of the three forces has magnitude R N, and acts at an angle a° anticlockwise
from the force of magnitude 100 N. Find R and ¢. [6]

Answer R =197, & =133, J04/Q2

5N

50° 7N

305

6N
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Three coplanar forces act at a point. The magnitudes of the forces are SN, 6N and 7N, and the
directions in which the forces act are shown in the diagram. Find the magnitude and direction of the

resultant of the three forces. [6]

J05/Q2

Answers: 5.08 N, 8.4° anticlockwise from the force of magnitude 7 M.

FN

GN

202
FN

12N

A particle P is in equilibrinm on a smooth horizontal table under the action of horizontal forces of
magnitudes F N, F N, GN and 12N acting in the directions shown. Find the values of F and G. [6]

J06/Q3

Answers: 283, 44.8.

6° 8N
o A

Two forces, each of magnitude 8N, act at a point in the directions O4 and OB. The angle between
the forces is 6° (see diagram). The resultant of the two forces has component 9 N in the direction OA4.

Find
(i) the value of 0,

(ii) the magnitude of the resultant of the two forces.

Answers: (i) 82.8: (i) 12 N. J07/Q2

10N
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Three horizontal forces of magnitudes F N, 13 N and 10N act at a fixed point @ and are in equilibrium.
The directions of the forces are as shown in the diagram. Find, in either order, the value of 8 and the

value of F. [5]

Answers. 52.4, 16.4. J08/Q3

15N

Forces of magnitudes 7N, 10N and 15N act on a particle in the directions shown in the diagram.
(i) Find the component of the resultant of the three forces
(a) in the x-direction,

(b) in the y-direction.

[3]
(ii) Hence find the direction of the resultant. [2]
Answers: (i){a) 10.8 N, (b} 22.4 N: {ii} 64.2° anticlockwise from the x-axis. J09/Q3
y
A
370N
160 N
oL—p3 » X
250N

Coplanar forces of magnitudes 250 N, 160 N and 370N act at a point O in the directions shown in the
diagram, where the angle @ is such that sin @ = 0.28 and cos & = 0.96. Calculate the magnitude of the
resultant of the three forces. Calculate also the angle that the resultant makes with the x-direction.

[7]

Answers: S00N, 3697 J10/42/Q4
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40°
60°
A
L ] L ] ]
W, N 5N W, N

Each of three light strings has a particle attached to one of its ends. The other ends of the strings are
tied together at a point 4. The strings are in equilibrium with two of them passing over fixed smooth
horizontal pegs, and with the particles hanging freely. The weights of the particles, and the angles

between the sloping parts of the strings and the vertical, are as shown in the diagram. Find the values
of W, and W,. [6]

N05/Q3

10

> X

Forces of magnitudes PN and 25N act at right angles to each other. The resultant of the two forces
has magnitude RN and makes an angle of 8° with the x-axis (see diagram). The force of magnitude
PN has components —2.8N and 9.6 N in the x-direction and the y-direction respectively, and makes
an angle of &° with the negative x-axis.

(i) Find the values of P and R. [3]
(ii) Find the value of @, and hence find the components of the force of magnitude 25N in
(a) the x-direction,

(1) the y-direction.

(iii) Find the value of 6. [3]

Answers. (i) 10, 26.9: (i){a) 24 N, (b) 7N (i) 38.1. N06/Q6
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11 4N

TN

FN
A particle is in equilibrivm on a smooth horizontal table when acted on by the three horizontal forces
shown in the diagram.
(i) Find the values of F and 6. [4]

(ii) The force of magnitude 7N is now removed. State the magnitude and direction of the resultant
of the remaining two forces. [2]

Answers. (i} 806, 26.7; (i) 7N, direction opposite to that of the force of magnitude 7N.  N07/Q3

12 8N
0
> 10N
Forces of magnitudes 10N and 8 N act in directions as shown in the diagram.
(i) Write down in terms of 0 the component of the resultant of the two forces
(a) parallel to the force of magnitude 10N, [1]
(b) perpendicular to the force of magnitude 10N. [1]
(ii) The resultant of the two forces has magnitude 8 N. Show that cos 8 = g. [3]
Answers. (i){a) 10-8cosé&, (b) 8sing. NOS/Ql
13 6N

P \ac

n
z
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A particle P is in equilibrium on a smooth horizontal table under the action of four horizontal forces
of magnitudes 6 N, 5N, F'N and F' N acting in the directions shown. Find the values of ¢ and F. [6]

N10/42/Q3
14 12N
FN
NP -
]
10N
The three coplanar forces shown in the diagram act at a point P and are in equilibrium.
(i) Find the values of F and 6. (6]
(ii) State the magnitude and direction of the resultant force at P when the force of magnitude 12N
is removed. 2]
Answers: {i) 11.1, 21.1; (i) 12 N, 30° clockwise from the positive x-axis. J11/42/Q4
15 12N
N
P
//ao
15N

Three coplanar forces of magnitudes N, 12N and 15 N are in equilibrium acting at a point P in the
directions shown in the diagram. Find a and F. [4]

Answers. a=531°, F=9N J12/42/Q2
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16

A particle P of mass 2.1 kg is attached to one end of each of two light inextensible strings. The other
ends of the strings are attached to points A and B which are at the same horizontal level. P hangs
in equilibrium at a point 40 cm below the level of A and B, and the strings PA and PB have lengths
50 cm and 104 cm respectively (see diagram). Show that the tension in the string PA is 20N, and find

the tension in the string PB. 5]

Answer. Tension in BF= 13N J13/42/Q3

17
A
Im
P
i 10N
25m
B

A and B are fixed points of a vertical wall with A vertically above B. A particle P of mass 0.7 kg is
attached to A by a light inextensible string of length 3 m. P is also attached to B by a light inextensible
string of length 2.5m. P is maintained in equilibrium at a distance of 2.4 m from the wall by a
horizontal force of magnitude 10N acting on P (see diagram). Both strings are taut, and the 10N
force acts in the plane APB which is perpendicular to the wall. Find the tensions in the strings. [6]

Answer. Tension in AP is 11.9 M. Tension nBPis 0.5 N J14/42/Q3

J14/42/Q4

18 ¥
A
75N
—————— —— ————X
OI
68 N i 100N

Three coplanar forces of magnitudes 68 N, 73 N and 100 N act at an origin @, as shown in the diagram.
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The components of the three forces in the positive x-direction are —60 N, 0N and 96 N, respectively.

Find
(i) the components of the three forces in the positive y-direction, 131
(ii) the magnitude and direction of the resultant of the three forces. [4]

Answers: (i} -32, 75, -28; (i) Magnitude 39 N, direction 22 6° anticlockwise from the positive xaxis. N12/42/Q4

19
30N

20N

Three coplanar forces act at a point. The magnitudes of the forces are 20N, 25N and 30N, and the
directions in which the forces act are as shown in the diagram, where sina = 0.28 and cos a = 0.96,
and sinf8 = 0.6 and cos § = 0.8.

(i) Show that the resultant of the three forces has a zero component in the x-direction. [2]
(ii) Find the magnitude and direction of the resultant of the three forces. [2]
(iii) The force of magnitude 20 N is replaced by another force. The effect is that the resultant force

is unchanged in magnitude but reversed in direction. State the magnitude and direction of the
replacement force. [1]

Answer a=194 N13/42/Q2
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20 FN
FN

60°
I5N

GN

Four horizontal forces act at a point O and are in equilibrium. The magnitudes of the forces are F'N,
G N, 15N and F N, and the forces act in directions as shown in the diagram.

(i) Show that F = 41.0, correct to 3 significant figures. [3]
(ii) Find the value of G. [2]
Answer. G =56.0 or G =15(244/3) N15/42/Q1

Answer: Given: F=41.0
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HOMEWORK: FORCES & EQUILIBRIUM VARIANT 41 & 43

1 16 N
12N
8N
30
302
30° S uN
Fig. 1

Four coplanar forces of magnitudes 4N, 8N, 12N and 16 N act at a point. The directions in which
the forces act are shown in Fig. 1.

(i} Find the magnitude and direction of the resultant of the four forces.

(5]
8N

4N 12N

30
30

16 N

Fig. 2

The forces of magnitudes 4 N and 16 N exchange their directions and the forces of magnitudes 8 N
and 12 N also exchange their directions (see Fig. 2).

(ii} State the magnitude and direction of the resultant of the four forces in Fig. 2.

[2]

Answer: {i) Magnitude of the resultant farce = 34 8 N Direction is 60.8° with 4 N force 43/]15/5
{ii} Magnitude of the resultant force = 348 N Direction is 29.1° with 16 N force

FN

25N

i
|
|
|
|
|
|

tan—! .75

63N
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Three horizontal forces of magnitudes F' N, 63N and 25 N act at O, the origin of the x-axis and y-axis.
The forces are in equilibrium. The force of magnitude N makes an angle 8 anticlockwise with the
positive x-axis. The force of magnitude 63 N acts along the negative y-axis. The force of magnitude
25N acts at tan~"' 0.75 clockwise from the negative x-axis (see diagram). Find the value of F and the
value of tan 8. [5]

Answer F=52Nor tang =24 41/]15/2

WN TN
8N

Each of three light inextensible strings has a particle attached to one of its ends. The other ends of the
strings are tied together at a point . Two of the strings pass over fixed smooth pegs and the particles
hang freely in equilibrium. The weights of the particles and the angles between the sloping parts of
the strings and the vertical are as shown in the diagram. It is given that sin § = 0.8 and cos § = 0.6.

(1) Show that Wcosa = 3.8 and find the value of Wsina. [3]
(ii) Hence find the values of W and . 3]
Answer. 56, 677, 558 43/N14/3

Small blocks 4 and B are held at rest on a smooth plane inclined at 30° to the horizontal. Each is
held in equilibrium by a force of magnitude 18 N. The force on 4 acts upwards parallel to a line of
greatest slope of the plane, and the force on & acts horizontally in the vertical plane containing a line
of greatest slope (see diagram). Find the weight of 4 and the weight of 5. [4]

Answer: 36, 312 41/N14/2
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A block B of mass 7 kg is at rest on rough horizontal ground. A force of magnitude XN acts on B at
an angle of 15° to the upward vertical (see diagram).

(i) Given that B is in equilibrium find, in terms of X the normal component of the force exerted
on 5 by the ground. [2]

(i) The coefficient of friction between B and the ground is 0.4. Find the value of X for which 7 is
[3]

in limiting equilibrium.

Answer: 70— Xcos15°, 434 43/]14/1

15m
09 m
O i 224N
0.5m
13m

A particle P of weight 1.4 N is attached to one end of a light inextensible string .5, of length 1.5 m, and
to one end of another light inextensible string .5, of length 1.3 m. The other end of S| is attached to a
wall at the point 0.9 m vertically above a point O of the wall. The other end of .§, is attached to the
wall at the point 0.5 m vertically below . The particle is held in equilibrium, at the same horizontal
level as O, by a horizontal force of magnitude 2.24 N acting away from the wall and perpendicular to

it (see diagram). Find the tensions in the strings. [6]

Answer. 25N D26N 43/]14/3

A rough plane is inclined at an angle of «® to the horizontal. A particle of mass 0.25kg is in
equilibrium on the plane. The normal reaction force acting on the particle has magnitude 2.4 N. Find

(2]

(1) the value of e,

(ii) the least possible value of the coefficient of friction. [2]

_ ! 41/]14/2
Answer. § =— or 0.292 /114/
Answer a=163 24
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4N

Four coplanar forces act at a point. The magnitudes of the forces are 5N, 4 N, 3N and 7N, and the
directions in which the forces act are shown in the diagram. Find the magnitude and direction of the
resultant of the four forces. [6]

Answer: Resultant = 1.23 N, Direction = 152.9° anticlockwise from the positive x-axis (or equivalent) 41 /]14/3

9 B
A particle P of mass 1.05 kg is attached to one end of each of two light inextensible strings, of lengths
2.6m and 1.25 m. The other ends of the strings are attached to fixed points 4 and B, which are at the
same horizontal level. P hangs in equilibrium at a point 1 m below the level of 4 and & (see diagram).
Find the tensions in the strings. [e]
Answer. 6.5 N 10N 43/N13/3
10 X
|
|Gt
|
|
I
P
FN

A particle P of mass 0.3 kg is attached to one end of a light inextensible string. The other end of the
string is attached to a fixed point X. A horizontal force of magnitude F N is applied to the particle,
which is in equilibrium when the string is at an angle « to the vertical, where tan a = % (see diagram).
Find the tension in the string and the value of F. [4]

Answer: F=16 41/N13/1
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11

100N

120N

A small box of mass 40 kg is moved along a rough horizontal floor by three men. Two of the men
apply horizontal forces of magnitudes 100 N and 120 N, making angles of 30° and 60° respectively
with the positive x-direction. The third man applies a horizontal force of magnitude N making an
angle of «® with the negative x-direction (see diagram). The resultant of the three horizontal forces
acting on the box is in the positive x-direction and has magnitude 136 N.

(i) Find the values of F and «. [6]

Answer. F=55.0; a=78.9; 43/]13/6

12

FN

A particle P of mass 0.5 kg lies on a smooth horizontal plane. Horizontal forces of magnitudes F'N,

25N and 2.6 N act on P. The directions of the forces are as shown in the diagram, where tan o = 'JTZ
and tanf§ = %
(i) Given that P is in equilibrium, find the values of 7" and tan 8. [6]

Answer: 3.80 and 0.5 41/]13/6
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13

A particle P of weight 21 N is attached to one end of each of two light inextensible strings, §, and §,,
of lengths 0.52 m and 0.25 m respectively. The other end of §, is attached to a fixed point A, and the
other end of S, is attached to a fixed point B at the same horizontal level as A. The particle P hangs
in equilibrium at a point 0.2 m below the level of AB with both strings taut (see diagram). Find the

tension in §, and the tension in §,. [6]

Answer S; =13 N, S:=20N. 43/N12/4
14

Three coplanar forces of magnitudes 8N, 12N and 2N act at a point. The resultant of the forces has

magnitude R N. The directions of the three forces and the resultant are shown in the diagram. Find R

and 6. [71

Answer: R=537,6=7339° 41/N12/4
15

B

A smooth ring R of mass 0.16 kg is threaded on a light inextensible string. The ends of the string
are attached to fixed points A and B. A horizontal force of magnitude 11.2N acts on R, in the same
vertical plane as A and B. The ring is in equilibrium. The string is taut with angle ARB = 90", and
the part AR of the string makes an angle of 8° with the horizontal (see diagram). The tension in the
string is T N.

(i) Find two simultaneous equations involving T sin 8 and T cos 8. [3]

(ii) Hence find T and 8. [3]
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Answer: ii) 8 and 53.1

16 13N

& 14N

Forces of magnitudes 13N and 14 N act at a point @ in the directions shown in the diagram. The
resultant of these forces has magnitude 15 N. Find

(i) the value of 8, [3]
(i) the component of the resultant in the direction of the force of magnitude 14 N. [2]
41/]12/2
17 58N
L 31N
26N

Coplanar forces of magnitudes 38N, 31 N and 26 N act at a point in the directions shown in the
diagram. Given that tane = %, find the magnitude and direction of the resultant of the three forces.
(6]

Answers: 73 N, 41.1°to i direction 43/N11/2

18 15N

Three coplanar forces of magnitudes 15N, 12N and 12 N act at a point A in directions as shown in
the diagram.
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(i) Find the component of the resultant of the three forces
(a) in the direction of AB,

(b) perpendicular to AB.
(3]

(ii) Hence find the magnitude and direction of the resultant of the three forces. [3]
Answers. (i) (a) 874 N; (b) 11.5 N; (i) 14.4 N, 52.7° to the i direction 41/N11/3
19 Agg=—-

155N

B

A small smooth ring R of weight 8.5 N is threaded on a light inextensible string. The ends of the
string are attached to fixed points A and B, with A vertically above B. A horizontal force of magnitude
15.5 N acts on R so that the ring is in equilibrium with angle ARB = 90°. The part AR of the string
makes an angle @ with the horizontal and the part BR makes an angle 8 with the vertical (see diagram).
The tension in the string is T'N. Show that T'sin8 = 12 and T cos 8 = 3.5 and hence find 6. [6]

Answer. T3.7°. 41/J11/3

20 A force of magnitude F'N acts in a horizontal plane and has components 27.5N and —24N in the
x-direction and the y-direction respectively. The force acts at an angle of &® below the x-axis.

(i) Find the values of F and «a. [4]

A second force, of magnitude 87.6 N, acts in the same plane at 90° anticlockwise from the force of
magnitude F N. The resultant of the two forces has magnitude BN and makes an angle of §° with the

positive x-axis.

(ii) Find the values of R and &. [3]
43/N10/5

Answars: (i) 365, 41.1; (ii) 949, 263
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21 A B,

@A ®C
B

The diagram shows three particles A, B and C hanging freely in equilibrium, each being attached to
the end of a string. The other ends of the three strings are tied together and are at the point X. The
strings carrying A and C pass over smooth fixed horizontal pegs P, and F, respectively. The weights
of A, Band C are 5.5N, 7.3 N and W N respectively, and the angle P,XF, is a right angle. Find the
angle AP, X and the value of W. [5]

Answer: 4.8 and 41.1 degrees 41/N10/3

22 55N

73N

Three coplanar forces act at a point. The magnitudes of the forces are 5.5N, 6.8 N and 7.3 N, and the
directions in which the forces act are as shown in the diagram. Given that the resultant of the three
forces is in the same direction as the force of magnitude 6.8 N, find the value of & and the magnitude
of the resultant. [4]

Answers: 48.9, ZN. 43/]10/1
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370N

160N

250N

Coplanar forces of magnitudes 250N, 160 N and 370 N act at a point @ in the directions shown in the
diagram, where the angle & is such that sin ec = 0.28 and cos & = 0.96. Calculate the magnitude of the
resultant of the three forces. Calculate also the angle that the resultant makes with the x-direction.

(7]
Answer: 500N, 36.9 41/]10/4
24
48N
PN
Coplanar forces of magnitudes SO0N, 48N, 14N and PN act at a point in the directions shown in the
diagram. The system is in equilibrium. Given that tane = %, find the values of P and 6. [6]
Answers: P=481 8=287 ]16/41/Q4
25 18N

12N

15N PN

The coplanar forces shown in the diagram are in equilibrium. Find the values of P and 8. [6]

[76] Compiled by: Salman Farooq



Answer. 13.7 70.8 J16/43/Q3

PN

26 3PN
PN
55° 0e
T%
20N

The four coplanar forces shown in the diagram are in equilibrium. Find the values of Pand 8.  [5]

Answer: 814N 30.6° J17/43/Q2
27 6N

8N

10N

The diagram shows three coplanar forces acting at the point @. The magnitudes of the forces are 6 N,
8 N and 10 N. The angle between the 6 N force and the 8 N force is 90°. The forces are in equilibrium.

Find the other angles between the forces. [4]

Answers: The angle between the 6 N force and 10 M force is 126.9° {to 1 decimal places) ]18/41/Q2
The angle between the 8 M force and 10 M force iz 143.1° {to 1 decimal places)

28 SN | 12N
30°)
I 60°
L 18N
|

Coplanar forces of magnitudes 8 N, 12 N and 18 N act at a point in the directions shown in the diagram.
Find the magnitude and direction of the single additional force acting at the same point which will

produce equilibrium. [6]

Answer. 27 6 N, 27 9" below ‘negative x-axis' J18/43/Q3
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29 FN

Three coplanar forces of magnitudes F' N, 2F N and 15N act at a point P, as shown in the diagram.

Given that the forces are in equilibrium, find the values of F' and ¢. [6]
Answers:F=5E7 and a=19.1 N16/41/Q4
30
B
The diagram shows a small object P of mass 20 kg held in equilibrium by light ropes attached to
fixed points A and B. The rope PA is inclined at an angle of 50° above the horizontal, the rope PB is
inclined at an angle of 10° below the horizontal, and both ropes are in the same vertical plane. Find
the tension in the rope PA and the tension in the rope PB. [5]
Answers: Tension in rope P4 is 306 N Tensien in repe PB is 200 N N16/43/Q2
31 50N
PG GN
50° y'H
FN
3FN

Coplanar forces, of magnitudes F' N, 3F N, GN and 50N, act at a point P, as shown in the diagram.

(1) Giventhat F =0, G =75 and ¢ = 60°, find the magnitude and direction of the resultant force.

[4]
(ii) Given instead that G = 0 and the forces are in equilibrium, find the values of F and . [5]
Answers: Magnitude of the resultant foree is 109 N (to 3af) N17/41/Q6

The direction of the resultant iz 234" anticlockwise from the positive x-axis (to 1dp)

Answers: F=13.1 {to 3af), o= 80.3 (fo 1dp}
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32 20N
30N
Three coplanar forces of magnitudes "N, 20N and 30N act at a point P, as shown in the diagram.
The resultant of the three forces acts in a direction perpendicular to the force of magnitude /' N. Find
the value of F. [3]
Answer: 25 N17/43/Q1
33 I5N
N &
30N
Coplanar forces, of magnitudes 15N, 25 N and 30 N, act at a point B on the line ABC in the directions
shown in the diagram.
(1) Find the magnitude and direction of the resultant force. [6]
(ii) The force of magnitude 15N is now replaced by a force of magnitude F' N acting in the same
direction. The new resultant force has zero component in the direction BC. Find the value of F,
and find also the magnitude and direction of the new resultant force. [3]
Answers: (i) 12.8 M; Direction: angle of 27.7° {to 3 sf) below the negative x-axis
{ii}) £F=28.3 (o 2=f) The magnitude of the new force is D.667 N {to 3=f) in a direction vertically N18/41/Q5
uowards
34 Resultant IN PN
\
\
!
\
V[ ge
150N 100 N
o

Three horizontal forces of magnitudes 150 N, 100 N and P N have directions as shown in the diagram.
The resultant of the three forces is shown by the broken line in the diagram. This resultant has
magnitude 120 N and makes an angle 75° with the 150N force. Find the values of P and 8. [71

Answer. 117 80.7 N15/43/Q3
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NEWTON’S LAWS OF MOTION

Newton's first law states that every body remains in a state of rest or of
uniform motion in a straight line unless an external force acts on it.

Newton's second law states that the resultant of the forces acting on'a

body is equal to the mass of the bady multiplied by its acceleration in the
direction of that force.

Newton’s third law states that to every action there is an equal and
opposite reaction.

Note: In mechanics we talk about bodles, for example, a cricket ball, a carora
spacecraft, Striclly, Newton's three laws apply to particles; however, we use them
for most cases involving bodies because they work well enough in most situations.-
and are easy to calculate.

EXAMPLE 1

A particle of mass 3kg rests on v smooth plane, It is pulled by a .
horizontel force of 4N, ¢

Taking the value of g as L0m s, calculate il 4N
o A

a} the horizontal acceleratinn of the particle, a |
b) the normal reaction, R. ¥
W

EXAMPLE 2

A particle of mass 25 kg rests on a smooth slope that
js at 31° to the horizontal. Tt {s pulled by a force of
300N up the plane.

Taking the value of g as L0ms, calc ulate
a} the acceleration of the particle up the plane, a

b} the normal reaction, R.
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EXAMPLE 3
J13/42/Q1

A string is attached to a block of weight 30 N, which is in contact with a rough horizontal plane.
When the string is horizontal and the tension in it is 24 N, the block is in limiting equilibrium.

(i) Find the coefficient of friction between the block and the plane. [2]

The block is now in motion and the string is at an angle of 30° upwards from the plane. The tension
in the string is 25 N.

(ii) Find the acceleration of the block. [4]

EXAMPLE 4
N13/41/Q4

Particles P and 2 are moving in a straight line on a rough horizontal plane. The frictional forces are
the only horizontal forces acting on the particles.

(i) Find the deceleration of each of the particles given that the coefficient of friction between P and
the plane is 0.2, and between O and the plane is 0.25. [2]

At a certain instant, P passes through the point 4 and @ passes through the point B. The distance AB
is 5m. The velocities of P and Q at.4 and B are 8ms~! and 3ms™!, respectively, both in the direction

AB.

(ii) Find the speeds of P and O immediately before they collide. [5]
EXAMPLE 5
J12/42/Q6
59N 59N
Fig. 1 Fig. 2

A block of weight 6.1 N is at rest on a plane inclined at angle & to the horizontal, where tan & = %.

The coefficient of friction between the block and the plane is g. A force of magnitude 5.9 N acting
parallel to a line of greatest slope is applied to the block.

(i) When the force acts up the plane (see Fig. 1) the block remains at rest. Show that u = %. [5]

(ii) When the force acts down the plane (see Fig. 2) the block slides downwards. Show that p < %.

[2]

(iii) Given that the acceleration of the block is 1.7 ms~2 when the force acts down the plane, find the
value of p. [2]
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HOMEWORK: LAWS OF MOTION VARIANT 42
(&)

8

de

5

Be

S, and S, are light inextensible strings, and A and B are particles each of mass 0.2kg. Particle A is
suspended from a fixed point O by the string S|, and particle B is suspended from A by the string S,,.
The particles hang in equilibrium as shown in the diagram.

(i) Find the tensions in Sl and Sg. [3]

The string Sl is cut and the particles fall. The air resistance acting on A is 0.4 N and the air resistance
acting on B is 0.2 N.

(ii) Find the acceleration of the particles and the tension in Sz' [5]

Answers: (i) 4 Min 5, 2N in Sx (i) 8.5 ms™=, 0.1 M. J03/Q5

A small block of mass 0.15 kg moves on a horizontal surface. The coefficient of friction between the
block and the surface is 0.025.

(i) Find the frictional force acting on the block. [2]
(ii) Show that the deceleration of the block is 0.25 ms2. [2]

The block is struck from a point A on the surface and, 4 s later, it hits a boundary board at a point B.
The initial speed of the block is 5.5m s!.

(iii) Find the distance AB. [2]

The block rebounds from the board with a speed of 3.5 ms~! and moves along the line BA. Find

(iv) the speed with which the block passes through A, [2]

(v) the total distance moved by the block, from the instant when it was struck at A until the instant

when it comes to rest. [2]
Answers: (i) 0.0375 N; (i) 20 m; (iv) 1.5 ms™": (v) 44.5 m. J03/Q6

A and B are points on the same line of greatest slope of a rough plane inclined at 30° to the horizontal.
A 1is higher up the plane than B and the distance 4B is 2.25 m. A particle P, of mass m kg, is released
from rest at 4 and reaches B 1.5 s later. Find the coefficient of friction between P and the plane. [6]

Answer. 0.346. J05/Q3
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A car of mass 1200 kg travels on a horizontal straight road with constant acceleration ams™2.

(i) Given that the car’s speed increases from 10 ms™ to 25 ms™! while travelling a distance of 525 m,
find the walue of a. [2]

The car’s engine exerts a constant driving force of 900 N. The resistance to motion of the car is constant
and equal to R N.

(i) Find R. [2]

Answers: (i) 0.5; (ii) 300. J06/Q1

(i} A particle P of mass 1.2kg is released from rest at the top of a slope and starts to move. The
slope has length 4 m and is inclined at 25° to the horizontal. The coefficient of friction between
P and the slope is %. Find

(a) the frictional component of the contact force on P, [2]
(b) the acceleration of P, [2]
(c) the speed with which P reaches the bottom of the slope. [2]
Answers: (i){a) 2.72 N, (b) 1.96ms 2, (c) 3.96 ms " (ii)(a) 36 J, (b) 8.70 ms"". N02/Q6
PN
%

Two identical boxes, each of mass 400kg, are at rest, with one on top of the other, on horizontal
ground. A horizontal force of magnitude P newtons is applied to the lower box (see diagram). The
coefficient of friction between the lower box and the ground is 0.75 and the coefficient of friction
between the two boxes is 0.4.

(i) Show that the boxes will remain at rest if P € 6000. [2]
The boxes start to move with acceleration am s 2.

(ii) Given that no sliding takes place between the boxes, show that @ € 4 and deduce the maximum
possible value of P. [71

Answer: (i) Prg = 9200 N. N04/Q6
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TN

5N

609 30°
A B

Two light strings are attached to a block of mass 20kg. The block is in equilibrium on a horizontal
surface AR with the strings taut. The strings make angles of 60° and 30° with the horizontal, on either
side of the block, and the tensions in the strings are TN and 75 N respectively (see diagram).

(i) Given that the surface is smooth, find the value of 7 and the magnitude of the contact force acting
on the block. [5]

(ii) It is given instead that the surface is rough and that the block is on the point of slipping. The
frictional force on the block has magnitude 25N and acts towards 4. Find the coefficient of

friction between the block and the surface. [6]
Answers. (i) 130, 50 N; (i) 0.268. J07/Q7
I5N
. 30°
302
15N 12N 12N
Fig. 1 Fig. 2

A small ring of weight 12 N is threaded on a fixed rough horizontal rod. A light string is attached to
the ring and the string is pulled with a force of 15 N at an angle of 30° to the horizontal.

(i) When the angle of 30° is below the horizontal (see Fig. 1), the ring is in limiting equilibrium.
Show that the coefficient of friction between the ring and the rod is 0.666, correct to 3 significant

figures. [5]

(ii) When the angle of 30° is above the horizontal (see Fig. 2), the ring is moving with acceleration

ams 2. Find the value of a. [4]
N09/42/Q5

Answer: (i) 8.33.

13N
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A ring of mass 1.1kg is threaded on a fixed rough horizontal rod. A light string is attached to the
ring and the string is pulled with a force of magnitude 13 N at an angle o below the horizontal, where

tan o = 15—2 (see diagram). The ring is in equilibrium.
(i) Find the frictional component of the contact force on the ring. [2]

(ii) Find the normal component of the contact force on the ring. [2]

(iii) Given that the equilibrium of the ring is limiting, find the coefficient of friction between the ring

and the rod. [1]
Answers: (i) 12 N; (i) 16 N (iii) 0.75. J04/Q1
10
A block of mass 8 kg is at rest on a plane inclined at 20° to the horizontal. The block is connected to
a vertical wall at the top of the plane by a string. The string is taut and parallel to a line of greatest
slope of the plane (see diagram).
(i) Given that the tension in the string is 13 N, find the frictional and normal components of the force
exerted on the block by the plane. [4]
The string is cut; the block remains at rest, but is on the point of slipping down the plane.
(ii) Find the coefficient of friction between the block and the plane. [2]
Answers. (i) 14.4 N, 75.2 N; (i) 0.364. J09/Q4
11
TN
45°

A small ring of mass 0.8 kg is threaded on a rough rod which is fixed horizontally. The ring is
in equilibrium, acted on by a force of magnitude 7 N pulling upwards at 45° to the horizontal (see
diagram).

(i) Show that the normal component of the contact force acting on the ring has magnitude 3.05 N,
correct to 3 significant figures. [2]

(ii) The ring is in limiting equilibrium. Find the coefficient of friction between the ring and the rod.

[31
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Answers. {i) 20's; (i) 80 s; (iii) 4 ms™"; (iv) 1170 m. J10/42/Q3

12
Fig. 1
A force, whose direction is upwards parallel to a line of greatest slope of a plane inclined at 35° to
the horizontal, acts on a box of mass 15kg which is at rest on the plane. The normal component of
the contact force on the box has magnitude R newtons (see Fig. 1).
(i) Show that R = 123, correct to 3 significant figures. [1]
about to move down about to move up
Fig. 2
When the force parallel to the plane acting on the box has magnitude X newtons the box is about to
move down the plane, and when this force has magnitude 5X newtons the box is about to move up
the plane (see Fig. 2).
(ii) Find the value of X and the coefficient of friction between the box and the plane. [7]
Answer: (ii) X =287, coefficient of friction = 0. 467. N02/Q5
13

A light inextensible string has its ends attached to two fixed points A and B, with A vertically above
B. A smooth ring R, of mass 0.8 kg, is threaded on the string and is pulled by a horizontal force of
magnitude X newtons. The sections AR and BR of the string make angles of 50° and 20° respectively
with the horizontal, as shown in the diagram. The ring rests in equilibrium with the string taut. Find

(i) the tension in the string, [3]

(ii) the value of X. [3]
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Answers: (i) 18.9 N: {ii) 29.9. N02/Q3

14

5N

B«

One end of a light inextensible string is attached to a fixed point A of a fixed vertical wire. The
other end of the string is attached to a small ring B, of mass 0.2kg, through which the wire passes.
A horizontal force of magnitude 5N is applied to the mid-point M of the string. The system is in
equilibrium with the string taut, with B below A, and with angles ABM and BAM equal to 30° (see
diagram).

(i) Show that the tension in BM is SN. [31

(ii) The ring is on the point of sliding up the wire. Find the coefficient of friction between the ring
and the wire. [5]

(iii) A particle of mass mkg is attached to the ring. The ring is now on the point of sliding down the
wire. Given that the coefficient of friction between the ring and the wire is unchanged, find the
value of m. [2]

Answers: (i) 1.5 m, (i) 1.05 m. N03/Q6

15

A small block of weight 18N is held at rest on a smooth plane inclined at 30° to the horizontal, by a
force of magnitude PN. Find

(i) the value of P when the force is parallel to the plane, as in Fig. 1, [2]
(if) the value of P when the force is horizontal, as in Fig. 2. [3]
Answers: (I} P=19; (ii} P =104. N04/Q2
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5N

A small ring of mass 0.6kg is threaded on a rough rod which is fixed vertically. The ring is in
equilibrium, acted on by a force of magnitude 5 N pulling upwards at 30° to the vertical (see diagram).

(i) Show that the frictional force acting on the ring has magnitude 1.67 N, correct to 3 significant

figures. [2]
(ii) The ring is on the point of sliding down the rod. Find the coefficient of friction between the ring
and the rod. [3]
answer. (i) 0.668. N06/Q2
17
XN
|
|
ol
|
I
A stone slab of mass 320 kg rests in equilibrium on rough horizontal ground. A force of magnitude
XN acts upwards on the slab at an angle of @ to the vertical, where tan 0 = % (see diagram).
(i) Find, in terms of X, the normal component of the force exerted on the slab by the ground.  [3]
(ii) Given that the coefficient of friction between the slab and the ground is %, find the value of X for
which the slab is about to slip. [3]
NO05/Q4
18
60°
TN
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A ring of mass 4kg is threaded on a fixed rough vertical rod. A light string is attached to the ring,
and is pulled with a force of magnitude TN acting at an angle of 60° to the downward vertical (see
diagram). The ring is in equilibrium.

(i) The normal and frictional components of the contact force exerted on the ring by the rod are RN

and F N respectively. Find R and F in terms of 7. [4]
(ii) The coefficient of friction between the rod and the ring is 0.7. Find the value of T for which the
ring is about to slip. [3]
Answers. (1) R= Tsing0®, F =40+ TcosG60%; (i) 377. NO7/Q>
PN
40° 40°
Fig. 1 Fig.2

A small block of weight 12 N is at rest on a smooth plane inclined at 40° to the horizontal. The block
is held in equilibrium by a force of magnitude P N. Find the value of P when

(i) the force is parallel to the plane as in Fig. 1, [2]
(ii) the force is horizontal as in Fig. 2. [2]
Answers: (1) 7.71; (i) 10.1. N09/Q1

20 A block of mass 400 kg rests in limiting equilibrium on horizontal ground. A force of magnitude
2000 N acts on the block at an angle of 157 to the upwards vertical. Find the coefficient of friction

between the block and the ground, correct to 2 significant figures. [5]
N10/42/Q1
21 Two particles P and @ move on a line of greatest slope of a smooth inclined plane. The particles start

at the same instant and from the same point, each with speed 1.3m 51 Initially 2 moves down the

plane and & moves up the plane. The distance between the particles # seconds after they start to move
1sdm

(i) Show that d = 2.61. [4]

When £ = 2.5 the difference in the vertical height of the particles is 1.6 m_ Find

(ii) the acceleration of the particles down the plane, [3]
(iii) the distance travelled by P when { 1s at its highest point. [3]
Answers: (i) 2.46 ms> (i} 1.03 m. J06/Q7
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A particle slides up a line of greatest slope of a smooth plane inclined at an angle &° to the horizontal.
The particle passes through the points 4 and B with speeds 2.5m s'and 1.5ms™ respectively. The
distance AB is 4 m (see diagram). Find

(i) the deceleration of the particle, [2]

(ii) the value of . [2]
Answers: (i) 05 ms™ (i) 2.9. J07/Q1

23 A particle slides down a smooth plane inclined at an angle of @ to the horizontal. The particle passes

through the point A with speed 1.5ms™!, and 1.2s later it passes through the point B with speed

45ms! Find

S

(i) the acceleration of the particle, [2]
(ii) the value of . [2]
Answers. (i) 2.5 ms‘z; {1} 14.5. ]08/Q1
24 A particle of mass n1kg moves up a line of greatest slope of a rough plane inclined at 21° to the

horizontal. The frictional and normal components of the contact force on the particle have magnitudes
FN and RN respectively. The particle passes through the point P with speed 10ms™, and 2 s later it
reaches its highest point on the plane.

(i) Show that R = 9.336/m and F = 1.416m, each correct to 4 significant figures. [5]
(ii) Find the coefficient of friction between the particle and the plane. [1]

After the particle reaches its highest point it starts to move down the plane.

(iii) Find the speed with which the particle returns to P. [5]
Answers. (i) 0.152; (i) 6.58 ms™". N06/Q7
25 A particle moves up a line of greatest slope of a rough plane inclined at an angle & to the horizontal,

where cos & = 0.96 and sin o = 0.28.

(i) Given that the normal component of the contact force acting on the particle has magnitude 1.2 N,
find the mass of the particle. [2]

{(ii) Given also that the frictional component of the contact force acting on the particle has magnitude
0.4 N, find the deceleration of the particle. [3]

The particle comes to rest on reaching the point X.

(iii) Determine whether the particle remains at X or whether it starts to move down the plane. [2]

Answers: (i) 0.125 kg: (ii) 6 ms?: (i) Remains at X. N09/Q4

[90] Compiled by: Salman Farooq



26 v(ms™)
A

50—

0 » (5
0 5 12 102 (s)

The velocity-time graph shown models the motion of a parachutist falling vertically. There are four
stages in the motion:

» falling freely with the parachute closed,
» decelerating at a constant rate with the parachute open,
» falling with constant speed with the parachute open,

* coming to rest instantaneously on hitting the ground.
(i) Show that the total distance fallen is 1048 m. [2]

The weight of the parachutist is 850 N.

(ii) Find the upward force on the parachutist due to the parachute, during the second stage. [3]
Answer (i) 1360 N. J11/42/Q3
27 A 80 cm B
50 cm 50 cm
R

A small smooth ring R, of mass 0.6kg, is threaded on a light inextensible string of length 100 cm.
One end of the string is attached to a fixed point A. A small bead B of mass 0.4 kg is attached to the
other end of the string, and is threaded on a fixed rough horizontal rod which passes through A. The
system is in equilibrium with B at a distance of 80 cm from A (see diagram).

(i) Find the tension in the string. [3]

(ii) Find the frictional and normal components of the contact force acting on B. [4]
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(iii) Given that the equilibrium is limiting, find the coefficient of friction between the bead and the

rod. [2]
Answers. (i) 5N; (ii) 4N, 7 N; (jii} 0.571 J11/42/Q6
28 D =
25
TN
A ring of mass 4 kg is attached to one end of a light string. The ring is threaded on a fixed horizontal
rod and the string is pulled at an angle of 25° below the horizontal (see diagram). With a tension in
the string of TN the ring is in equilibrium.
(i) Find, in terms of T, the horizontal and vertical components of the force exerted on the ring by
the rod. [4]
The coefficient of friction between the ring and the rod is 0.4.
(ii) Given that the equilibrium is limiting, find the value of T [3]
Answers. (i) Horizontal 0.9067, Vertical 40 + 04237 {ii) T=217 N J12/42/Q4
29 A string is attached to a block of weight 30 N, which is in contact with a rough horizontal plane.
When the string is horizontal and the tension in it is 24 N, the block is in limiting equilibrium.
(i} Find the coefficient of friction between the block and the plane. [2]
The block is now in motion and the string is at an angle of 30° upwards from the plane. The tension
in the string is 25 N.
(ii} Find the acceleration of the block. 4]
Answers. (1) Coefficient offriction p = 0.8 (ii} a=2.55 ms™ J 13/ 42/ Q1
30

A particle P is released from rest at the top of a smooth plane which is inclined at an angle & to the
horizontal, where sina = %. The distance travelled by P from the top to the bottom is § metres, and

the speed of P at the bottom is 8ms~'.
(i) Find the value of § and hence find the speed of P when it has travelled %S metres. [5]
The time taken by P to travel from the top to the bottom of the plane is T seconds.

(ii) Find the distance travelled by P at the instant when it has been moving for %T seconds. [2]

Answers. (i) 5=13,speed=566ms" (ii} distance =325 m J13/42/Q4
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A particle P of mass 0.2 kg is released from rest at a point 7.2 m above the surface of the liquid in
a container. P falls through the air and into the liquid. There is no air resistance and there is no
instantaneous change of speed as P enters the liquid. When P is at a distance of 0.8 m below the
surface of the liquid, P’s speed is 6ms~'. The only force on P due to the liquid is a constant resistance
to motion of magnitude R N.

(i) Find the deceleration of P while it is falling through the liquid, and hence find the value of R.

(5]

The depth of the liquid in the container is 3.6 m. P is taken from the container and attached to one
end of a light inextensible string. P is placed at the bottom of the container and then pulled vertically
upwards with constant acceleration. The resistance to motion of R N continues to act. The particle
reaches the surface 4 s after leaving the bottom of the container.

(ii) Find the tension in the string. [4]
Answer. Deceleration = 67.5 ms® R =155 Apswer Tension=17.6 N J14/42/Q6
32
A
30cm
7 5.6N
40 cm
R

A small ring R is attached to one end of a light inextensible string of length 70cm. A fixed rough
vertical wire passes through the ring. The other end of the string is attached to a point A on the wire,
vertically above R. A horizontal force of magnitude 5.6 N is applied to the point J of the string 30cm
from A and 40 cm from R. The system is in equilibrium with each of the parts AJ and JR of the string
taut and angle AJR equal to 90° (see diagram).

(1) Find the tension in the part AJ of the string, and find the tension in the part JR of the string. [5]
The ring R has mass 0.2 kg and is in limiting equilibrium, on the point of moving up the wire.

(i) Show that the coefficient of friction between R and the wire is 0.341, correct to 3 significant
figures. [4]

A particle of mass m kg is attached to R and R is now in limiting equilibrium, on the point of moving
down the wire.

(iii) Given that the coefficient of friction is unchanged, find the value of m. [3]

Answer: (i) Tension in AJ is 4 48 N Tension in JR is 3.36 N {ii) given g = 0341 (iii}m = 0.1376 (answers of ]15/42/Q7
either m = 0137 or m = 0.138 were accepted)
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33 A block of mass 6 kg is sliding down a line of greatest slope of a plane inclined at 8° to the horizontal.
The coefficient of friction between the block and the plane is 0.2.

(i) Find the deceleration of the block. [3]
(ii) Given that the initial speed of the block is 3ms~!, find how far the block travels. [2]
Answers. (i) 0.589 ms™; (ii) 7.64 m N11/42/Q2
34 CN
4N
P :—_;{]LI
10N

A particle P has weight 10N and is in limiting equilibrium on a rough horizontal table. The forces
shown in the diagram represent the weight of P, an applied force of magnitude 4 N acting on P in a
direction at 30" above the horizontal, and the contact force exerted on P by the table (the resultant of
the frictional and normal components) of magnitude CN.

(i) Find the value of C. [3]

(ii) Find the coefficient of friction between P and the table. [2]
Answers: (i) C =8.72; (i) 0.433 N11/42/Q4

35 A, B and C are three points on a line of greatest slope of a plane which is inclined at 8" to the

horizontal, with A higher than B and B higher than C. Between A and B the plane is smooth, and

between B and C the plane is rough. A particle P is released from rest on the plane at A and slides

down the line ABC. At time 0.8 s after leaving A, the particle passes through B with speed 4 ms™.
(i) Find the value of 6. [3]

At time 4.8 s after leaving A, the particle comes to rest at C.

(ii) Find the coefficient of friction between P and the rough part of the plane. [5]

Answers: (i} 30°; (ii) 0.693. N12/42/Q5
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A small block of weight 5.1 N rests on a smooth plane inclined at an angle « to the horizontal, where
sine = % The block is held in equilibrium by means of a light inextensible string. The string makes
an angle B above the line of greatest slope on which the block rests, where sin = % (see diagram).

Find the tension in the string. [3]
Answer T=25N N13/42/Q1
37
PN
o
A rough plane is inclined at an angle « to the horizontal, where tana = 2.4. A small block of mass
0.6 kg is held at rest on the plane by a horizontal force of magnitude PN. This force acts in a vertical
plane through a line of greatest slope (see diagram). The coefficient of friction between the block and
the plane is 0.4. The block is on the point of slipping down the plane. By resolving forces parallel to
and perpendicular to the inclined plane, or otherwise, find the value of P. [8]
Answer. P=5.12 N13/42/Q4
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An elevator is pulled vertically upwards by a cable. The velocity-time graph for the motion is shown
above. Find

(i) the distance travelled by the elevator, [2]

(ii} the acceleration during the first stage and the deceleration during the third stage. 2]
The mass of the elevator is 800 kg and there is a box of mass 100 kg on the floor of the elevator.

(iii} Find the tension in the cable in each of the three stages of the motion. [3]
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(iv) Find the greatest and least values of the magnitude of the force exerted on the box by the floor
of the elevator. [3]

Answer: 9.4 m Answer 0.08 ms™and 0.1 ms™  N13/42/Q7
Answer. Stage 1: T=9072 M, Stage 2: T=9000 N, Stage 3 T=8910N
Answer. Greatest reaction force = 1008 M, Least reaction force = 990 N

39 40N

XN

A B 30° C

Forces of magnitude XN and 40 N act on a block B of mass 15 kg, which is in equilibrium in contact
with a horizontal surface between points 4 and C on the surface. The forces act in the same vertical
plane and in the directions shown in the diagram.

(i) Given that the surface is smooth, find the value of X. [2]

(if) It is given instead that the surface is rough and that the block is in limiting equilibrium. The
frictional force acting on the block has magnitude 10N in the direction towards 4. Find the

coefficient of friction between the block and the surface. [5]
Answer: 23.1, 0.102 N14./4.2/Q4.
40 ABC is a line of greatest slope of a plane inclined at angle & to the horizontal, where sina = 0.28 and

cosa = 0.96. The point A is at the top of the plane, the point C is at the bottom of the plane and the
length of AC is 5 m. The part of the plane above the level of B is smooth and the part below the level
of B is rough. A particle P is released from rest at A4 and reaches C with a speed of 2ms™". The
coefficient of friction between P and the part of the plane below B is 0.5. Find

(i) the acceleration of P while moving

(a) fromAto B,

(b) fromBto C, [3]

(ii) the distance AB, [3]
(iii) the time taken for P to move from A to C. [3]
Answer, 2.8,-2,25 2.21 N14/42/Q6
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41 0.195N
IET Eﬁ
e
0.195 N
Fig. 1 Fig. 2
A small ring of mass 0.024 kg is threaded on a fixed rough horizontal rod. A light inextensible string
is attached to the ring and the string is pulled with a force of magnitude 0.195 N at an angle of 8 with
the horizontal, where sin 8 = % When the angle 0 is below the horizontal (see Fig. 1) the ring is in
limiting equilibrium.
(i) Find the coefficient of friction between the ring and the rod. [6]
When the angle 8 1s above the horizontal (see Fig. 2) the ring moves.
(ii) Find the acceleration of the ring. [4]
4 15/42
Answer: The coefficient of friction between theringand the rod is u = = =0.571 N 5/ /Q6
_ . . 25 -2
Answers: Acceleration of the ring = = =357 ms
42 A block of mass 20 kg is at rest on a plane inclined at 10° to the horizontal. A force acts on the block

parallel to a line of greatest slope of the plane. The coefficient of friction between the block and the
plane is 0.32. Find the least magnitude of the force necessary to move the block,

(i) given that the force acts up the plane,

(i) given instead that the force acts down the plane.

(6]

Answers. (i) 97.8 N: (i) 28.3 N. N08/Q2
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HOMEWORK: LAWS OF MOTION VARIANT 41 & 43

A small box of mass 5 kg is pulled at a constant speed of 2.5ms™ down a line of greatest slope
of a rough plane inclined at 10° to the horizontal. The pulling force has magnitude 20 N and acts
downwards parallel to a line of greatest slope of the plane.

(i} Find the coefficient of friction between the box and the plane. [5]
1

The pulling force is removed while the box is moving at 2.5 ms™".

(ii) Find the distance moved by the box after the instant at which the pulling force is removed. [4]

Answer: (i) g = 0.582 (ii) Distance moved by the box = 0.781 m 43/]15/6

A block B of mass 2.7 kg is pulled at constant speed along a straight line on a rough horizontal floor.
The pulling force has magnitude 25N and acts at an angle of 8 above the horizontal. The normal
component of the contact force acting on B has magnitude 20 N.

(i) Show that sin 8 = 0.28. 2]
(ii} Find the work done by the pulling force in moving the block a distance of 5 m. 2]
Answer: (i) Work done by the pulling force is 120 ) 41/]15/1

A block of weight 6.1 N slides down a slope inclined at tan™ (%) to the horizontal. The coefficient of

friction between the block and the slope is % The block passes through a point A with speed 2ms™!.
Find how far the block moves from A before it comes to rest. [5]

Answer: Distance moved by the block from A before it comes to rest is 3.05 m 41/]15/3

A cyclist and her bicycle have a total mass of 84 kg. She works at a constant rate of P'W while
moving on a straight road which is inclined to the horizontal at an angle 8, where sin 8 = 0.1. When
moving uphill, the cyclist’s acceleration is 1.25ms™? at an instant when her speed is 3ms™'. When
moving downhill, the cyclist’s accelerationis 1.25m ™ at an instant when her speed is 10m s7'. The
resistance to the cyclist’s motion, whether the cyclist is moving uphill or downhill, is R N. Find the
values of P and R. (8]

Answer P=T720 R =51 41/]15/5

Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. Particle A is held at rest on a rough horizontal table with the string passing over
a smooth pulley fixed at the edge of the table. The coefficient of friction between A and the table

[98] Compiled by: Salman Farooq



e —mmg e — e ——gm == -

is 0.2. Particle B hangs vertically below the pulley at a height of 0.5 m above the floor (see diagram).
The system is released from rest and 0.25 s later the string breaks. A does not reach the pulley in the
subsequent motion. Find

(i) the speed of B immediately before it hits the floor, [9]
(ii) the total distance travelled by A. [3]
Answer: {i) Speed of B immediately before it hits the floor = 2.93 ms™ 41/115/7

(ii) Total distance travelled by A is 0.84 m

A car of mass 1400 kg moves on a horizontal straight road. The resistance to the car’s motion is
constant and equal to 800N and the power of the car’s engine is constant and equal to PW. At an
instant when the car’s speed is 18 ms™! its acceleration is 0.5 ms™2,

(i) Find the value of P. [3]

The car continues and passes through another point with speed 25ms™".

(ii) Find the car’s acceleration at this point. [2]

Answer. 27000, 0.2 43/N14/1

A box of mass 8 kg is on a rough plane inclined at 5° to the horizontal. A force of magnitude PN
acts on the box in a direction upwards and parallel to a line of greatest slope of the plane. When
P = 7X the box moves up the line of greatest slope with acceleration 0.15ms > and when P = 8X
the box moves up the line of greatest slope with acceleration 1.15ms™>. Find the value of X and the
coefficient of friction between the box and the plane. [8]

Answer. B, D600 43/N14/5

A small block of mass 3 kg is initially at rest at the bottom @ of a rough plane inclined at an angle &
to the horizontal, where sina = 0.6 and cosa = 0.8. A force of magnitude 35N acts on the block at
an angle B above the plane, where sin § = 0.28 and cos 8 = 0.96. The block starts to move up a line
of greatest slope of the plane and passes through a point A with speed 4ms™'. The distance OA is
12.5m (see diagram).
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(i) For the motion of the block from O to A, find the work done against the frictional force acting
on the block. [4]

(ii) Find the coefficient of friction between the block and the plane. [3]

At the instant that the block passes through A the force of magnitude 35 N ceases to act.

(iii) Find the distance the block travels up the plane after passing through A. 41
Answer 171, 0.983, 0.584 43/N14/7
9 A car of mass 800kg is moving on a straight horizontal road with its engine working at a rate of
22.5kW. Find the resistance to the car’s motion at an instant when the car’s speed is 18 ms™! and its
acceleration is 1.2ms 2. [4]
Answer: 290 41/N14/1
10
Fig. 2
A block of weight 7.5N is at rest on a plane which is inclined to the horizontal at angle @, where
tana = 27'—4 The coefficient of friction between the block and the plane is p. A force of magnitude
7.2 N acting parallel to a line of greatest slope is applied to the block. When the force acts up the
plane (see Fig. 1) the block remains at rest.
(i) Show thatp > 11, [4]
When the force acts down the plane (see Fig. 2) the block slides downwards.
(ii) Show thatp < % [2]
Answer: 41/N14/3
11 A car of mass 1250 kg travels up a straight hill inclined at an angle « to the horizontal, where
sine= 0.02. The power provided by the car’s engine is 23 kW. The resistance to motion is constant
and equal to 600 N. Find the speed of the car at an instant when its acceleration is 0.5 ms™. [5]
Answer. 156 ms™ 43/]14/2
12

A particle moves up a line of greatest slope of a rough plane inclined at an angle « to the horizontal,
where sin a = (.28, The coefficient of friction between the particle and the plane is %
(i) Show that the acceleration of the particle is —6 ms™. [3]

(i) Given that the particle’s initial speed is 5.4 ms™!, find the distance that the particle travels up the
plane. [2]

Answer 243m 43/N13/1
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13 A box of mass 30kg is at rest on a rough plane inclined at an angle a to the horizontal, where
sine = 0.1, acted on by a force of magnitude 40 N. The force acts upwards and parallel to a line of
greatest slope of the plane. The box is on the point of slipping up the plane.

(i) Find the coefficient of friction between the box and the plane. [5]
The force of magnitude 40N is removed.

(ii) Determine, giving a reason, whether or not the box remains in equilibrium. [2]
Answer. 0.0335 Not in equilibrium 43/N13/4

14 A cyclist exerts a constant driving force of magnitude N while moving up a straight hill inclined
at an angle « to the horizontal, where sina = % A constant resistance to motion of 32N acts on
the cyclist. The total weight of the cyclist and his bicycle is 780N, The cyclist’s acceleration is
-0.2ms™2.

(i) Find the value of F. [4]
The cyclist’s speed is 7ms™" at the bottom of the hill.

(ii)y Find how far up the hill the cyclist travels before coming to rest. [2]
Answer: (i) F=103 (i) 1225 m 41/N13/3

15 Particles P and O are moving in a straight line on a rough horizontal plane. The frictional forces are
the only horizontal forces acting on the particles.

(i} Find the deceleration of each of the particles given that the coefficient of friction between P and
the plane is 0.2, and between { and the plane is 0.25. [2]
At a certain instant, P passes through the point 4 and { passes through the point 5. The distance 458
is 5 m. The velocities of P and Q at 4 and B are 8ms~' and 3 ms™', respectively, both in the direction
AB.
(ii) Find the speeds of P and (J immediately before they collide. [5]
Answer: (i) 2ms™, 2.5ms™ (i} 6.09ms™, 0.614 ms™ 41/N13/4
16 A straight ice track of length 50 m is inclined at 14° to the horizontal. A man starts at the top of

the track, on a sledge, with speed 8ms~'. He travels on the sledge to the bottom of the track. The
coefficient of friction between the sledge and the track is 0.02. Find the speed of the sledge and the
man when they reach the bottom of the track. [4]

Answer. 16.9ms™ 43/J13/1
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100N

= I

120N

A small box of mass 40 kg is moved along a rough horizontal floor by three men. Two of the men
apply horizontal forces of magnitudes 100N and 120N, making angles of 30° and 60° respectively
with the positive x-direction. The third man applies a horizontal force of magnitude N making an
angle of «® with the negative x-direction (see diagram). The resultant of the three horizontal forces
acting on the box is in the positive x-direction and has magnitude 136 N.

(i) Find the values of F and «. [6]

(ii) Given that the box is moving with constant speed, state the magnitude of the frictional force
acting on the box and hence find the coefficient of friction between the box and the floor.  [3]

Answer. F=55.0; a=78.9; 0.34 43/]13/6

18 A block is at rest on a rough horizontal plane. The coefficient of friction between the block and the
plane is 1.25.

(i) State, giving a reason for your answer, whether the minimum vertical force required to move the
block is greater or less than the minimum horizontal force required to move the block. [2]

A horizontal force of continuously increasing magnitude PN and fixed direction is applied to the

block.
(ii) Given that the weight of the block is 60 N, find the value of P when the acceleration of the block
is4dms. [2]
41/]13/1
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A particle P of mass 0.5 kg lies on a smooth horizontal plane. Horizontal forces of magnitudes F'N,
2.5N and 2.6 N act on P. The directions of the forces are as shown in the diagram, where tan e = 'JTZ
and tanff = %

(i) Given that P is in equilibrium, find the values of 7" and tan 8. [6]

(iiy The force of magnitude ¥ N is removed. Find the magnitude and direction of the acceleration

with which P starts to move. 3]
Answer: i) 3.80 and 0.5 ii) 7.6 at 26.6 degrees from the positive x axis 41/]13/6
20
The diagram shows a particle of mass 0.6 kg on a plane inclined at 257 to the horizontal. The particle
is acted on by a force of magnitude PN directed up the plane parallel to a line of greatest slope.
The coefficient of friction between the particle and the plane is 0.36. Given that the particle is in
equilibrium, find the set of possible values of P. ]
dnswer. 0.578 =P =440, 43/N12/6
21

A particle P of mass 0.5kg rests on a rough plane inclined at angle & to the horizontal, where
sinoe = 0.28. A force of magnitude 0.6 N, acting upwards on P at angle ot from a line of greatest slope
of the plane, is just sufficient to prevent P sliding down the plane (see diagram). Find

(i) the normal component of the contact force on P, [2]
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(ii) the frictional component of the contact force on P, 3]

(iii) the coefficient of friction between P and the plane. [2]

Answers: (i} 4.63 N; (ii) 0.824 N (iii} 0.178. 41/N12/3

22

59N

Fig. 1 Fig. 2

A block of weight 6.1 N is at rest on a plane inclined at angle a to the horizontal, where tane = ﬁ—é
The coefficient of friction between the block and the plane is p. A force of magnitude 5.9 N acting

parallel to a line of greatest slope is applied to the block.

(i) When the force acts up the plane (see Fig. 1) the block remains at rest. Show that u = % [5]

(ii) When the force acts down the plane (see Fig. 2) the block slides downwards. Show that u < %.

(2]

(iii) Given that the acceleration of the block is 1.7 m s when the force acts down the plane, find the
value of u. [2]

Answer. = 01994 43/]12/6

23

A small ring of mass 0.2 kg is threaded on a fixed vertical rod. The end A of a light inextensible string
is attached to the ring. The other end C of the string is attached to a fixed point of the rod above
A. A horizontal force of magnitude 8 N is applied to the point B of the string, where AB = 1.5m
and BC = 2m. The system is in equilibrium with the string taut and AR at right angles to BC (see

diagram).
(i) Find the tension in the part AR of the string and the tension in the part BC of the string. [5]
The equilibrium is limiting with the ring on the point of sliding up the rod.

(ii) Find the coefficient of friction between the ring and the rod. [5]

Answers. (i) Tensionin AG =64 M, tensionin BC=4 8N (i) 0.3549 41/112/7
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The diagram shows a ring of mass 2 kg threaded on a fixed rough vertical rod. A light string is
attached to the ring and is pulled upwards at an angle of 307 to the horizontal. The tension in the
string is 7 N. The coefficient of friction between the ring and the rod is 0.24. Find the two values of
T for which the ring is in limiting equilibrium. [8]

Answers: 283,685 43/N11/6

i m S‘“!

A, B and C are three points on a line of greatest slope of a smooth plane inclined at an angle of 8° to
the horizontal. A is higher than B and B is higher than C, and the distances AB and BC are 1.76 m and
2.16 m respectively. A particle slides down the plane with constant acceleration ams™2. The speed
of the particle at A is ums~! (see diagram). The particle takes 0.8 s to travel from A to B and takes
1.4 s to travel from A to C. Find

(i) the values of i and a, [6]
(ii) the value of 6. [2]
Answars. u=14, a=2;{ii)8 =115" 41/N11/4

26

Fig. 1 Fig. 2
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A block of mass 2 kg is at rest on a horizontal floor. The coefficient of friction between the block and
the floor is pu. A force of magnitude 12 N acts on the block at an angle « to the horizontal, where
tana = %. When the applied force acts downwards as in Fig. 1 the block remains at rest.

(i) Show that u > %. [3]

When the applied force acts upwards as in Fig. 2 the block slides along the floor.

(ii) Find another inequality for . [3]
Answer. (i) u =234 41/N11/5
27 48N
61N =
o
5N
A small block of mass 1.25 kg is on a horizental surface. Three horizontal forces, with magnitudes
and directions as shown in the diagram, are applied to the block. The angle 6 is such that cos 8 = 0.28
and sin 8 = 0.96. A horizontal frictional force also acts on the block, and the block is in equilibrium.
(i) Show that the magnitude of the frictional force is 7.5 N and state the direction of this force. [4]
(ii) Given that the block is in limiting equilibrium, find the coefficient of friction between the block
and the surface. [2]
The force of magnitude 6.1 N is now replaced by a force of magnitude 8.6 N acting in the same
direction, and the block begins to move.
(iii) Find the magnitude and direction of the acceleration of the block. 3]
Answers. (i) Opposite in direction to the force of magnitude 6.1 N; (i) 0.6; 43/]11/5
(iify 2 ms 2 in the direction of the force of magnitude 6.1 M.
28

A block of mass 11 kg is at rest on a rough plane inclined at 30° to the horizontal. A force acts on the
block in a direction up the plane parallel to a line of greatest slope. When the magnitude of the force
is 2X N the block is on the point of sliding down the plane, and when the magnitude of the force is
9X N the block is on the point of sliding up the plane. Find

(i) the value of X, [3]
(ii) the coefficient of friction between the block and the plane. [4]
Answers (i) 10; {ii} 0.367. 41/]11/4
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A particle P is released from rest at a point on a smooth plane inclined at 30° to the horizontal. Find
the speed of P

(i) when it has travelled 0.9 m,

(ii) 0.8 s after it is released.

(4]
Answers: (i) 3 ms™: (i) 4ms™". 43/N10/1
30 Particles P and Q move on a line of greatest slope of a smooth inclined plane. P is released from rest
at a point O on the line and 2 s later passes through the point A with speed 3.5ms™".
(i) Find the acceleration of P and the angle of inclination of the plane. 4]
At the instant that P passes through A the particle Q is released from rest at O. At time ¢ s after @ is
released from O, the particles P and ¢ are 4.9 m apart.
(ii) Find the value of 1. [5]
Answers: (i) 1.75 ms2, 10.1% (i} 0.4. 43/]10/6
31
A
B : PN
e —3
Two rectangular boxes A and B are of identical size. The boxes are at rest on a rough horizontal
floor with A on top of B. Box A has mass 200 kg and box B has mass 250 kg. A horizontal force of
magnitude PN is applied to B (see diagram). The boxes remain at rest if P £ 3150 and start to move
if P> 3150.
(i) Find the coefficient of friction between B and the floor. [3]
The coefficient of friction between the two boxes is 0.2. Given that P > 3150 and that no sliding takes
place between the boxes,
(ii) show that the acceleration of the boxes is not greater than 2m 572, 3]
(iii) find the maximum possible value of P. 3]
Answears: (i) 0.7; (iii} 4050. 43/]10/7
32 7N
45°

A small ring of mass 0.8 kg is threaded on a rough rod which is fixed horizontally. The ring is

in equilibrium, acted on by a force of magnitude 7N pulling upwards at 45° to the horizontal (see
diagram).
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(i) Show that the normal component of the contact force acting on the ring has magnitude 3.05N,
correct to 3 significant figures. [21

(ii) The ring is in limiting equilibrium. Find the coefficient of friction between the ring and the rod.

3]

Answer: ii) 1.62 41/]10/3

33 A particle of mass 15 kg is stationary on a rough plane inclined at an angle of 20° to the horizontal.
The coeflicient of friction between the particle and the plane is 0.2. A force of magnitude X N acting
parallel to a line of greatest slope of the plane is used to keep the particle in equilibrium. Show that the
least possible value of X is 23.1, correct to 3 significant figures, and find the greatest possible value
of X. [7]

Answer: 79.5 J16/43/Q4

34 A particle of mass 0.8 kg is projected with a speed of 12m s up a line of greatest slope of a rough
plane inclined at an angle of 10° to the horizontal. The coefficient of friction between the particle and
the plane is 0.4.

(i) Find the acceleration of the particle. [4]

(ii) Find the distance the particle moves up the plane before coming to rest. 21

Answers: (i) The acceleration of the particle is —5.68 ms™ (to three significant figures) (ii) Distance moved ]17/4’1/Q2
up the plane before coming fo restis 12.7m

35 A man pushes a wheelbarrow of mass 25 kg along a horizontal road with a constant force of magnitude
35 N at an angle of 20° below the horizontal. There is a constant resistance to motion of 15N. The
wheelbarrow moves a distance of 12 m from rest.

(1) Find the work done by the man. [2]1
(if) Find the speed attained by the wheelbarrow after 12 m. [3]
Answers:(i) 395J (i) 4.14 ms™ J17/43/Q1

36
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A particle P of mass 8 kg is on a smooth plane inclined at an angle of 30° to the horizontal. A force
of magnitude 100 N, making an angle of 8° with a line of greatest slope and lying in the vertical plane
containing the line of greatest slope, acts on P (see diagram).

(i) Given that P is in equilibrium, show that 8 = 66.4, correct to 1 decimal place, and find the normal

reaction between the plane and P. [4]
(ii) Given instead that 6 = 30, find the acceleration of P. [2]
Answers: (i} &= 66.4 (given) The nomal reaction £ = 161 M (to 3 significant figures J18/41/Q3

(ii) The acceleration of Pis 553 ms ™"

37

The diagram shows a triangular block with sloping faces inclined to the horizontal at 45° and 30°.
Particle A of mass 0.8 kg lies on the face inclined at 45° and particle B of mass 1.2 kg lies on the face
inclined at 30°. The particles are connected by a light inextensible string which passes over a small
smooth pulley P fixed at the top of the faces. The parts AP and BP of the string are parallel to lines
of greatest slope of the respective faces. The particles are released from rest with both parts of the
string taut. In the subsequent motion neither particle reaches the pulley and neither particle reaches
the bottom of a face.

(i) Given that both faces are smooth, find the speed of A after each particle has travelled a distance

of 0.4 m. [6]

(ii) It is given instead that both faces are rough. The coefficient of friction between each particle and
a face of the block is y. Find the value of p for which the system is in limiting equilibrium. [6]

Answers: (i) The speed of A after each paricle has travelled a distance 0.4 mis 0.370 ms—1 (to 3 sf) ]18/4_1/Q7
(ii) The value of p for which the system is in limiting equilibrium is 0.0214 (to 3 =f)

38 A particle of mass 3 kg i1s on a rough plane inclined at an angle of 20° to the horizontal. A force of
magnitude PN acting parallel to a line of greatest slope of the plane is used to keep the particle in
equilibrium. The coefficient of friction between the particle and the plane is 0.35. Show that the least
possible value of P is 0.394, correct to 3 significant figures, and find the greatest possible value of P.

(6]

Answer, 20.1 J18/43/Q5
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39 A particle of mass 0.1 kg is released from rest on a rough plane inclined at 20° to the horizontal. It is
given that, 5 seconds after release, the particle has a speed of 2m s

(i) Find the acceleration of the particle and hence show that the magnitude of the frictional force

acting on the particle is 0.302 N, correct to 3 significant figures. [3]
(ii) Find the coefficient of friction between the particle and the plane. [2]
Answers: The acceleration of the particle is 0.4 ms™ Frictional force = 0.302 M {Given) N16/41/Q2

Answer: The coefiicient of friction between the particle and the plane is 0.321

40 A box of mass 50kg is at rest on a plane inclined at 10° to the horizontal.
(i) Find an inequality for the coefficient of friction between the box and the plane. [2]
In fact the coefficient of friction between the box and the plane is 0.19.

(ii) A girl pushes the box with a force of 50N, acting down a line of greatest slope of the plane, for
a distance of 5 m. She then stops pushing. Use an energy method to find the speed of the box

when it has travelled a further 5 m. [5]

The box then comes to a plane inclined at 20° below the horizontal. The box moves down a line of
greatest slope of this plane. The coefficient of friction is still 0.19 and the girl is not pushing the box.

(iif) Find the acceleration of the box. [2]

7 N16/43/Q7

Answer: J» 0176
Answer: The speed of the box after it has travelled a further Sm is 2.70ms™

Answer. The acceleration of the box iz 1.63ms™

41 A block of mass 3 kg is initially at rest on a smooth horizontal floor. A force of 12N, acting at an
angle of 25° above the horizontal, is applied to the block. Find the distance travelled by the block in
the first 5 seconds of its motion. [4]

Answer: The power output of the fractor's engine is 13 800W = 13.8 KW N17/41/Q1

Answer: The acceleration of the fractor as it begins to climb the hill is —0.445 m 572 {to 3sf)
Answer. The constant speed that the tractor can maintain on the hill is 6.70 m g (to 3=f)

42 A particle is released from rest and slides down a line of greatest slope of a rough plane which is
inclined at 25° to the horizontal. The coefficient of friction between the particle and the plane is 0.4.

(i) Find the acceleration of the particle. [4]

(ii) Find the distance travelled by the particle in the first 3 s after it is released. [2]

Anzwers: (i} 0.601ms— (i) 2.70m N17/43/Q3

[110] Compiled by: Salman Farooq



43

A particle P of mass 0.2 kg rests on a rough plane inclined at 30° to the horizontal. The coefficient of
friction between the particle and the plane is 0.3. A force of magnitude T N acts upwards on P at 15°
above a line of greatest slope of the plane (see diagram).

(i) Find the least value of T for which the particle remains at rest. [e]

The force of magnitude T N is now removed. A new force of magnitude 0.25 N acts on P up the plane,
parallel to a line of greatest slope of the plane. Starting from rest, P slides down the plane. After
moving a distance of 3 m, P passes through the point A.

(ii)} Use an energy method to find the speed of P at A. [5]

Answers: (i) 0.541 (i) 2.63mz"" N17/43/Q7

44

A particle of mass 0.2kg moving in a straight line experiences a constant resistance force of 1.5 N.
When the particle is moving at speed 2.5m s~!, a constant force of magnitude F N is applied to it in
the direction in which it is moving. Given that the speed of the particle 5 seconds later is 4.5ms™!,

find the value of F. [4]

Answer. F=158 N18/41/Q1

45

A particle is projected from a point P with initial speed #ms~! up a line of greatest slope POR of a
rough inclined plane. The distances PQ and QR are both equal to 0.8 m. The particle takes 0.65s to
travel from P to Q and 1 s to travel from Q to R.

(i) Show that the deceleration of the particle is %m s~2 and hence find i, giving your answer as an
exact fraction. [6]

(ii) Given that the plane is inclined at 3° to the horizontal, find the value of the coeflicient of friction
between the particle and the plane. [4]

N18/41/Q6

2 - 23
Answers: (i) a=—§ ms ~ {Answer given) u= T

(i) T=0.0144 (to 3sf)
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A small smooth ring R of mass 0.2 kg is threaded onto a light inextensible string ARE. The two ends
of the string are attached to points A and B on a sloping roof inclined at 45° to the horizontal. A
horizontal force of magnitude P N, acting in the plane ARB, is applied to the ring. The section BR
of the string is perpendicular to the roof and the section AR of the string is inclined at 70° to the
horizontal (see diagram). The system is in equilibrium. Find the tension in the string and the value

of P. [4]
Answer: Tension in siring = 1.21 M P =0.443 N18/43/Q1
47
A block is pushed aleng a horizontal floor by a force of magnitude 50N which acts at an angle of
20° to the horizontal (see diagram). The coefficient of friction between the block and the floor is 0.3.
Given that the speed of the block is constant, find the mass of the block. [5]
Answer: 14.0kg N18/43/Q2
48 TN
o
0.2 ke

A ring of mass 0.2kg is threaded on a fixed rough horizontal rod and a light inextensible string is
attached to the ring at an angle « above the horizontal, where cos & = 0.96. The ring is in limiting
equilibrium with the tension in the string TN (see diagram). Given that the coefficient of friction
between the ring and the rod is 0.25, find the value of T. [5]

Answer: 0.485 N N15/43/Q2
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49 A particle of mass 0.5 kg starts from rest and slides down a line of greatest slope of a smooth plane.
The plane is inclined at an angle of 30° to the horizontal.

(i) Find the time taken for the particle to reach a speed of 2.5ms™. [3]

When the particle has travelled 3 m down the slope from its starting point, it reaches rough horizontal
ground at the bottom of the slope. The frictional force acting on the particle is 1 N.

(ii) Find the distance that the particle travels along the ground before it comes to rest. [3]

Answer: Time taken for the particle to reach a speed of 25 ms™ is 0.5 5 N15/41/Q2
Answer: Distance travelled along the ground before coming to rest=7.5m

50 FN

70° 20N

30237 T--15° p 5
TRRN

10N

A small bead Q can move freely along a smooth horizontal straight wire AB of length 3 m. Three
horizontal forces of magnitudes F' N, 10N and 20N act on the bead in the directions shown in the
diagram. The magnitude of the resultant of the three forces is RN in the direction shown in the

diagram.
(1) Find the values of F and R. [5]
(i) Initially the bead is at rest at A. It reaches B with a speed of 11.7ms™!. Find the mass of the
bead. [3]
Answers: F=1.00 and B = 12 4 Answer: Mass of the bead = 0.526 kg N15/41/Q5
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LAWS OF MOTION ON CONNECTED PARTICLES

EXAMPLE 6

Two particles of mass Skg and 7kg are connected by a light, inextensible

string, which hangs over a smooth, light pulley. PN
Taking the value of g as 10m s, caleulate 7 ]
a) the weights of the two particles, W, and W, 1T
b) the acceleration of the system, a a L
) the normal reaction at the point where the pulley is suspended, R. T kg T
| 20|
2

EXAMPLE 7

Fig. 24.15 shows two particles A of mass | kg and B 2 kg connected by a light inelastic string which
passes over a smooth pulley at C. The system is held at rest with B hanging freely while A is on a

rough plane inclined at 6 to the horizontal where tan 8 = % . The coefficient of friction between A

and the plane is 0.2. Find the magnitude of the acceleration of each particle and the tension in the
string when the System is released.

c

Fig. 24.15

EXAMPLE 8

Particles A and B of masses 3 kg and 1 kg respectively (Fig. 24.18(a)) hang at the ends of a light
string passing over a smooth pulley. A is released from rest when it is 2 m above the ground. Find
a) The common acceleration of the particles,

b) The speed of B when A reaches the ground,

¢) How much higher B will travel afterwards. (It is assumed that B never reaches the pulley.)
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EXAMPLE 9
A car of mass 1000 kg is pulling a trailer of mass 800kg down a line of greatest slope of a hill.
The hill is inclined at an angle of @ to the horizontal, where sin® = 0.05. The car and the trailer

are connected by a light, rigid tow-bar, which is parallel to the read. The driving force of the car’s
engine is 2000N, the resistance to the car is 400N, and the resistance to the trailer is 100N. Find.

a) the acceleration of the systern
b) the tension in the tow-bar.

{Take g as 10 ms3,)

EXAMPLE 10
J12/41/Q6

0
A8 6

Particles P and (), of masses 0.6kg and 0.4 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a small smooth pulley which is fixed at the top of a vertical
cross-section of a triangular prism. The base of the prism is fixed on horizontal ground and each of
the sloping sides is smooth. Each sloping side makes an angle 6 with the ground, where sin8 = 0.8.
Initially the particles are held at rest on the sloping sides, with the string taut (see diagram). The
particles are released and move along lines of greatest slope.

(i) Find the tension in the string and the acceleration of the particles while both are moving.  [3]
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The speed of P when it reaches the ground is 2ms~'. On reaching the ground P comes to rest and
remains at rest. {J continues to move up the slope but does not reach the pulley.

(ii) Find the time taken from the instant that the particles are released until Q reaches its greatest

height above the ground. [4]
EXamMPLE11
J12/43/Q7
"
N—]
Ae + B
0.65m

Two particles A and B have masses 0.12 kg and 0.38 kg respectively. The particles are attached to the
ends of a light inextensible string which passes over a fixed smooth pulley. A is held at rest with the
string taut and both straight parts of the string vertical. A and B are each at a height of 0.65 m above
horizontal ground (see diagram). A is released and B moves downwards. Find

(i} the acceleration of B while it is moving downwards, [2]

(ii) the speed with which B reaches the ground and the time taken for it to reach the ground. [3]
B remains on the ground while A continues to move with the string slack, without reaching the pulley.
The string remains slack until A is at a height of 1.3 m above the ground for a second time. At this
instant A has been in motion for a total time of T's.

(iii} Find the value of T and sketch the velocity-time graph for A for the first T s of its motion.  [3]

(iv) Find the total distance travelled by A in the first T s of its motion. [2]

[116] Compiled by: Salman Farooq



HOMEWORK: LAWS OF MOTION APPLIED TO PULLEYS
VARIANT 42
B

3 @

Particles 4 and B, of masses 0.2 kg and 0.3 kg respectively, are connected by a light inextensible string.
The string passes over a smooth pulley at the edge of a rough horizontal table. Particle 4 hangs freely
and particle B is in contact with the table (see diagram).

(i) The system is in limiting equilibrium with the string taut and 4 about to move downwards. Find
the coefficient of friction between B and the table. [4]

A force now acts on particle B. This force has a vertical component of 1.8 N upwards and a horizontal
component of XN directed away from the pulley.

(ii) The system is now in limiting equilibrium with the string taut and A4 about to move upwards.
Find X. [3]

Answers: (i) %; (i) 2.8. J05/Q4

o
Particles P and Q are attached to opposite ends of a light inextensible string. P is at rest on a rough
horizontal table. The string passes over a small smooth pulley which is fixed at the edge of the table.
© hangs vertically below the pulley (see diagram). The force exerted on the string by the pulley has
magnitude 4 4/2 N. The coefficient of friction between P and the table is 0.8.
(i) Show that the tension in the string is 4 N and state the mass of Q. [2]

(ii) Given that P is on the point of slipping, find its mass. [2]

A particle of mass 0.1 kg is now attached to Q and the system starts to move.

(iii) Find the tension in the string while the particles are in motion. [4]
Answers: (i) 0.4 kg; (i) 0.5 kg: (iii) 4.5 N. J06/Q5
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Particles P and @, of masses 0.6kg and 0.2kg respectively, are attached to the ends of a light
inextensible string which passes over a smooth fixed peg. The particles are held at rest with the string
taut. Both particles are at a height of 0.9 m above the ground (see diagram). The system is released
and each of the particles moves vertically. Find

(i) the acceleration of P and the tension in the string before P reaches the ground, [5]

(ii) the time taken for P to reach the ground. [2]

J07/Q4

Answers: (i) 5ms™ (i) 0.6 s.

o

B 3m
o

A

A block B of mass 0.6kg and a particle 4 of mass 0.4 kg are attached to opposite ends of a light
inextensible string. The block is held at rest on a rough horizontal table, and the coefficient of friction
between the block and the table is 0.5. The string passes over a small smooth pulley C at the edge of
the table and 4 hangs in equilibrium vertically below C. The part of the string between B and C is
horizontal and the distance BC is 3 m (see diagram). B is released and the system starts to move.

(i) Find the acceleration of B and the tension in the string. [6]
(ii) Find the time taken for B to reach the pulley. [2]
Answers. (i) 1 ms=, 36N; (i) 245s. J08/Q5

)
N

P
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A block B of mass 5kg is attached to one end of a light inextensible string. A particle P of mass

4 kg is attached to other end of the string. The string passes over a smooth pulley. The system is in
equilibrium with the string taut and its straight parts vertical. B is at rest on the ground (see diagram).

State the tension in the string and find the force exerted on B by the ground. [3]
Answers. 40N, 10 M. J09/Q1
7
Ny
Ag FYa
(.36 m

Particles A and B are attached to the ends of a light inextensible string which passes over a smooth
pulley. The system is held at rest with the string taut and its straight parts vertical. Both particles
are at a height of 0.36 m above the floor (see diagram). The system is released and A begins to fall,
reaching the floor after 0.6 s.

(i) Find the acceleration of A as it falls. [21

The mass of A is 0.45kg. Find

(ii) the tension in the string while A is falling, [21
(iii) the mass of B, [3]
(iv) the maximum height above the floor reached by B. [3]
Answers. {iy 2ms= (i} 3.6 N; (i} 0.3kg; (iv) 0.792 m. J09/Q6
2.1lm
A

A

2m

[119] Compiled by: Salman Farooq



Particles A and B, of masses 0.2kg and 0.45 kg respectively, are connected by a light inextensible
string of length 2.8 m. The string passes over a small smooth pulley at the edge of a rough horizontal
surface, which i1s 2 m above the floor. Particle A is held in contact with the surface at a distance of
2.1 m from the pulley and particle B hangs freely (see diagram). The coefficient of friction between
A and the surface is 0.3. Particle A is released and the system begins to move.

(i) Find the acceleration of the particles and show that the speed of B immediately before it hits the

flooris 3.95ms ™!, correct to 3 significant figures. [7]
(ii) Given that B remains on the floor, find the speed with which A reaches the pulley. [4]
Answers: (i} 8 ms™; (i) 3.20 ms™. J10/42/Q6
B@0.lkg

Particles A and B, of masses 0.4kg and 0.1 kg respectively, are attached to the ends of a light
inextensible string. Particle A is held at rest on a horizontal table with the string passing over a smooth
pulley at the edge of the table. Particle B hangs vertically below the pulley (see diagram). The system
is released from rest. In the subsequent motion a constant frictional force of magnitude 0.6 N acts
on A. Find

(i) the tension in the string, [4]
(ii) the speed of B 1.5 s after it starts to move. [3]
Answers: (i) 0.92 N: (i} 1.2 ms™. N03/Q5

0

Two particles P and O, of masses 1.7 kg and 0.3 kg respectively, are connected by a light inextensible
string. P is held on a smooth horizontal table with the string taut and passing over a small smooth
pulley fixed at the edge of the table. (O is at rest vertically below the pulley. P is released. Find the
acceleration of the particles and the tension in the string. [5]

Answer 15ms™ 255N, N04/Q1
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)

0.2 kg .B

Two particles 4 and B, of masses 0.3 kg and 0.2 kg respectively, are attached to the ends of a light
inextensible string which passes over a smooth fixed pulley. Particle B is held on the horizontal floor
and particle .4 hangs in equilibrium. Particle B is released and each particle starts to move vertically

with constant acceleration of magnitunde am 572,
(i) Find the value of a. [4]
Particle A hits the floor 1.2 s after it starts to move, and does not rebound upwards.

(ii} Show that A4 hits the floor with a speed of 2.4m 571 [1]

(iii} Fmd the gain in gravitational potential energy by B, from leaving the floor until reaching its
greatest height. [5]

N05/Q7

11

(&) cin
P Q 16 cm

A rough inclined plane of length 65 cm i1s fixed with one end at a height of 16 cm above the other
end. Particles P and O, of masses 0.13 kg and 0.11 kg respectively, are attached to the ends of a light
inextensible string which passes over a small smooth pulley at the top of the plane. Particle P is held
at rest on the plane and particle O hangs vertically below the pulley (see diagram). The system is
released from rest and P starts to move up the plane.

(i) Draw a diagram showing the forces acting on P during its motion up the plane. [1]

(ii) Show that 7 — F > 0.32, where TN is the tension in the string and 7 N is the magnitude of the
frictional force on P. [4]

The coefficient of friction between P and the plane is 0.6.

(iii) Find the acceleration of P. [6]

Answer. (i) 0.1 ms=2 N07/Q7
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A
A
0.5kg
B @ mke
Particles 4 and B, of masses 0.5 kg and m kg respectively, are attached to the ends of a light inextensible
string which passes over a smooth fixed pulley. Particle B is held at rest on the horizontal floor and
particle A4 hangs in equilibrium (see diagram). B is released and each particle starts to move vertically.
A hits the floor 2 s after B is released. The speed of each particle when 4 hits the floor is Sms™.
(i) For the motion while 4 is moving downwards, find
(a) the acceleration of 4, [2]
(b) the tension in the string. [3]
(ii) Find the value of m. [3]
Answers. {i)(a) 2.5 ms™, (b) 3.75N; (i) 0.3. N08/Q5
13
B g 07ke
03kg g A

Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string which passes over a smooth fixed pulley. Particle A is held on the horizontal floor
and particle B hangs in equilibrium. Particle A is released and both particles start to move vertically.

(i) Find the acceleration of the particles. [3]

The speed of the particles immediately before B hits the floor is 1.6 ms™.

rebound upwards, find

Given that B does not

(ii) the maximum height above the floor reached by A, [3]

(iii) the time taken by A, from leaving the floor, to reach this maximum height. [3]

[122] Compiled by: Salman Farooq



Answers: (i) 4 ms™ (i) 0.448 m: (iii} 0.56 s. N09/42/Q6

14 0
5
Bwmzig
A
Amm3ke
A block A of mass 3 kg is attached to one end of a light inextensible string §,. Another block B of
mass 2 kg is attached to the other end of §|, and is also attached to one end of another light inextensible
string §,. The other end of 5, is attached to a fixed point @ and the blocks hang in equilibrium below
O (see diagram).
(i) Find the tension in §, and the tension in §,. [2]
The string 5, breaks and the particles fall. The air resistance on A is 1.6 N and the air resistance on B
is 4 N.
(ii) Find the acceleration of the particles and the tension in §,. [5]
Answers. () S1=30N, S2=50N (ii)a=888ms? T=176N J12/42/Q5
15

0.6m

Particles A of mass 0.26 kg and B of mass 0.52 kg are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley P which is fixed at the top of a smooth plane.
The plane is inclined at an angle « to the horizontal, where sina = % and cos o = %. A is held at rest
at a point 2.5 metres from P, with the part AP of the string parallel to a line of greatest slope of the
plane. B hangs freely below P at a point 0.6 m above the floor (see diagram). A is released and the

particles start to move. Find

(i} the magnitude of the acceleration of the particles and the tension in the string, [5]

(ii} the speed with which B reaches the floor and the distance of A from P when A comes to

instantaneous rest. [6]
Answers. (i) Acceleration = 5.85 ms=, Tension in sfring = 2.16N J13/42/Q7

(ii} Speed of B as it reaches the floor = 2.65 ms”, Distance of A from P= 0.475m
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P, [ P P
Ae |! f“ B
A light inextensible string of length 5.28 m has particles A and B, of masses 0.25kg and 0.75kg
respectively, attached to its ends. Another particle P, of mass 0.5 kg, is attached to the mid-point of
the string. Two small smooth pulleys P, and P, are fixed at opposite ends of a rough horizontal table
of length 4 m and height 1 m. The string passes over P, and P, with particle A held at rest vertically
below F,, the string taut and B hanging freely below P,. Particle P is in contact with the table halfway
between P, and P, (see diagram). The coefficient of friction between P and the table is 0.4. Particle
A is released and the system starts to move with constant acceleration of magnitude ams 2. The
tension in the part AP of the string is T, N and the tension in the part PB of the string is T, N.
(i) Find T, and T} in terms of a. [3]
(ii) Show by considering the motion of P thata = 2. 3]
(iii) Find the speed of the particles immediately before B reaches the floor. [2]
(iv) Find the deceleration of P immediately after B reaches the floor. [2]
Answer. T,=25+025a, Ts=7.5-0.75a Answer given 114/42/Q7
— 2
Answer Speed = 1.2 ms™' Answer. Deceleration =6 ms
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Two particles P and @ have masses mkg and (1 — m) kg respectively. The particles are attached to
the ends of a light inextensible string which passes over a smooth fixed pulley. P is held at rest with
the string taut and both straight parts of the string vertical. P and Q are each at a height of Am above
horizontal ground (see Fig. 1). P is released and Q moves downwards. Subsequently @ hits the
ground and comes to rest. Fig. 2 shows the velocity-time graph for P while @ is moving downwards
or is at rest on the ground.

(1) Find the value of h. [2]
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(il) Find the value of m, and find also the tension in the string while Q is moving. [6]

(iii) The string is slack while @ is at rest on the ground. Find the total time from the instant that P is
released until the string becomes taut again. [3]

Answer. (i} h=0.5 m (ii} m = 0.3 Tension = 4.2 N (iii) Total time taken = 0.9 seconds ~ J15/42/Q6

18

Particles A and B, of masses 0.9kg and 0.6 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley. The system is released from rest
with the string taut, with its straight parts vertical and with the particles at the same height above the
horizontal floor. In the subsequent motion, B does not reach the pulley.

(i) Find the acceleration of A and the tension in the string during the motion before A hits the floor.

[4]
After A hits the floor, B continues to move vertically upwards for a further 0.3 s.

(ii) Find the height of the particles above the floor at the instant that they started to move. 4]

Answers. (i) 2ms ™, T2 N: (i) 2.25 m N11/42/Q5

19

Particles A and B of masses mkg and (1 —m) kg respectively are attached to the ends of a light
inextensible string which passes over a fixed smooth pulley. The system is released from rest with the
straight parts of the string vertical. A moves vertically downwards and 0.3 seconds later it has speed

0.6ms™'. Find
(i) the acceleration of A, [2]

(ii) the value of # and the tension in the string. [4]

Answers: (i} 2ms~; (i) m= 08, tension = 4.8 M. N12/42/Q2

20

Particles A of mass 0.4 kg and 5 of mass 1.6 kg are attached to the ends of a light inextensible string
which passes over a fixed smooth pulley. 4 is held at rest and B hangs freely. with both straight parts
of the string vertical and both particles at a height of 1.2 m above the floor (see diagram). A is released
and both particles start to move.

(i) Find the work done on B by the tension in the string, as 5 moves to the floor. [5]

When particle B reaches the floor it remains at rest. Particle 4 continues to move upwards.

(ii) Find the greatest height above the floor reached by particle 4. [4]

[125] Compiled by: Salman Farooq



Answer. Work done by tension = 7.68 J Answer. Greatest height above floor =3.12m N13/42/Q6

/z‘gm 0.'.Im
o |

A smooth inclined plane of length 2.5m is fixed with one end on the horizontal floor and the other
end at a height of 0.7 m above the floor. Particles P and @, of masses 0.5 kg and 0.1 kg respectively,
are attached to the ends of a light inextensible string which passes over a small smooth pulley fixed
at the top of the plane. Particle @ is held at rest on the floor vertically below the pulley. The string is
taut and P is at rest on the plane (see diagram). Q is released and starts to move vertically upwards
towards the pulley and P moves down the plane.

(i) Find the tension in the string and the magnitude of the acceleration of the particles before @
reaches the pulley. [5]

At the instant just before Q reaches the pulley the string breaks; P continues to move down the plane

and reaches the floor with a speed of 2ms™!.

(ii) Find the length of the string. [3]

Answer: The tensioninthe string T = E:iﬂ? M Magnitude of acceleration a = E:D.Bﬁ?rns

Answer. The length of the string is 1.5 m
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HOMEWORK: LAWS OF MOTION APPLIED TO PULLEYS
VARIANT 41 & 43

035 kg
A [ ) ~

0.15ks@ B

T
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!

Particles A and B, of masses 0.35 kg and 0.15 kg respectively, are attached to the ends of a light
inextensible string. A is held at rest on a smooth horizontal surface with the string passing over a
small smooth pulley fixed at the edge of the surface. B hangs vertically below the pulley at a distance
ftm above the floor (see diagram). A is released and the particles move. B reaches the floor and A

subsequently reaches the pulley with a speed of 3m g1

(i) Explain briefly why the speed with which B reaches the flooris 3ms™!. [1]
(ii) Find the value of A. [4]
Answer (iiyh=15 43/]15/2

The tops of each of two smooth inclined planes A and B meet at a right angle. Plane A is inclined

at angle « to the horizontal and plane B is inclined at angle § to the horizontal, where sina = % and

sinff= %. A small smooth pulley is fixed at the top of the planes and a light inextensible string passes
over the pulley. Two particles P and @, each of mass 0.65 kg, are attached to the string, one at each
end. Particle O is held at rest at a point of the same line of greatest slope of the plane B as the pulley.
Particle P rests freely below the pulley in contact with plane A (see diagram). Particle Q is released
and the particles start to move with the string taut. Find the tension in the string. [5]

Answer. 395 43/N14/2
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Particles P and () have a total mass of 1 kg. The particles are attached to opposite ends of a light
inextensible string which passes over a smooth fixed pulley. P is held at rest and @ hangs freely, with
both straight parts of the string vertical. Both particles are at a height of im above the floor (see
Fig. 1). P is released from rest and the particles start to move with the string taut. Fig. 2 shows the
velocity-time graphs for P’s motion and for ("s motion, where the positive direction for velocity is
vertically upwards. Find

(i) the magnitude of the acceleration with which the particles start to move and the mass of each of

the particles, [5]
(ii) the value of f, [1]
(iii) the greatest height above the floor reached by particle P. 2]
Answer: 4, 0.3, 0.7 43/N14/6
5
y R
P Q

A small block B of mass 0.25 kg is attached to the mid-point of a light inextensible string. Particles
P and O, of masses 0.2kg and 0.3 kg respectively, are attached to the ends of the string. The string
passes over two smooth pulleys fixed at opposite sides of a rough table, with B resting in limiting
equilibrium on the table between the pulleys and particles £ and 0 and block B are in the same vertical
plane (see diagram).

(i) Find the coefficient of friction between B and the table. [3]
Q is now removed so that P and 5B begin to move.

(ii) Find the acceleration of P and the tension in the part P& of the string,. [6]

Answer: 0.4, 222, 156 41/N14/5
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A smooth inclined plane of length 160 cm is fixed with one end at a height of 40 cm above the other
end, which is on horizontal ground. Particles P and @, of masses 0.76 kg and 0.49 kg respectively,
are attached to the ends of a light inextensible string which passes over a small smooth pulley fixed
at the top of the plane. Particle P is held at rest on the same line of greatest slope as the pulley and ¢
hangs vertically below the pulley at a height of 30 cm above the ground (see diagram). P is released
from rest. It starts to move up the plane and does not reach the pulley. Find

(i) the acceleration of the particles and the tension in the string before ( reaches the ground, [4]
(i) the speed with which Q reaches the ground, 2]

(iif) the total distance travelled by P before it comes to instantaneous rest. 3]

Answer 24ms? 372N 12ms'  0588m 43/]14/7

Tig. 1

Particles A of mass 0.25 kg and B of mass 0.75 kg are attached to opposite ends of a light inextensible
string which passes over a fixed smooth pulley. The system is held at rest with the string taut and its
straight parts vertical. Both particles are at a height of i m above the floor (see Fig. 1). The system is
released from rest, and 0.6 s later, when both particles are in motion, the string breaks. The particle
A does not reach the pulley in the subsequent motion.

(i) Find the acceleration of A and the distance travelled by A before the string breaks. [4]
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The velocity-time graph shown in Fig. 2 is for the motion of particle A until it hits the floor. The
velocity of A when the string breaks is Vms™' and T's is the time taken for A to reach its greatest
height.

(ii) Find the value of V and the value of T. [31]

(iii) Find the distance travelled by A upwards and the distance travelled by A downwards and hence

find A. [3]
Answer. Acceleration =5 ms™. Distance travelled = 0.9 m 41/]14/6

Answer. V=3, T=089

Answer. Distance fravelled upwards = 1.35 m, distance travelled downwards = 245m, hi=245-135=11

fm
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Particle 4 of mass 0.2 kg and particle 8 of mass 0.6 kg are attached to the ends of a light inextensible
string. The string passes over a fixed smooth pulley. B is held at rest at a height of 1.6 m above the
floor. 4 hangs freely at a height of /2 m above the floor. Both straight parts of the string are vertical
(see diagram). B is released and both particles start to move. When B reaches the floor it remains at
rest, but 4 continues to move vertically upwards until it reaches a height of 3 m above the floor. Find
the speed of B immediately before it hits the floor, and hence find the value of A. [6]

Answer. 4 ms” 0.6 43/N13/2

"
N

Ae B

.52 m

Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley. 4 is held at rest and B hangs freely,
with both straight parts of the string vertical and both particles at a height of 0.52 m above the floor
(see diagram). A is released and both particles start to move.

(i) Find the tension in the string. [4]

When both particles are moving with speed 1.6 ms™! the string breaks.

(ii) Find the time taken, from the instant that the string breaks. for 4 to reach the floor. [5]

Answer: (1) 42N {ii) 065 41/N13/6

A 048m_ p

(045m

Particle 4 of mass 1.26 kg and particle 5 of mass 0.9 kg are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley P which is fixed at the edge of a rough horizontal
table. 4 is held at rest at a point 0.48 m from P, and B hangs vertically below P, at a height of 0.45 m
above the floor (see diagram). The coefficient of friction between 4 and the table is % A is released
and the particles start to move.

(i) Show that the magnitude of the acceleration of the particles is 2.5 ms™> and find the tension in
the string. 5]
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(ii) Find the speed with which B reaches the floor. [2]

(iif) Find the speed with which A4 reaches the pulley. [4]
Answer 25msS B75N; 15ms™; 144 ms™ 43/]13/7
10
A
B
a —_—

A light inextensible string has a particle 4 of mass 0.26 kg attached to one end and a particle B of
mass .54 kg attached to the other end. The particle 4 is held at rest on a rough plane inclined at angle
« to the horizontal, where sin & = 5. The string is taut and parallel to a line of greatest slope of the
plane. The string passes over a small smooth pulley at the top of the plane. Particle B hangs at rest
vertically below the pulley (see diagram). The coefficient of friction between A and the plane is 0.2.
Particle 4 is released and the particles start to move.

(i) Find the magnitude of the acceleration of the particles and the tension in the string. (6]
Particle A reaches the pulley 0.4 s after starting to move.

(ii} Find the distance moved by each of the particles. 2]

Answer: i) 2.75ii) 0.392 41/]13/5
11 1.4 m
: o5
—————————— A
(198 m

Particles A and B have masses 0.32 kg and 0.48 kg respectively. The particles are attached to the ends
of a light inextensible string which passes over a small smooth pulley fixed at the edge of a smooth
horizontal table. Particle B is held at rest on the table at a distance of 1.4 m from the pulley. A hangs
vertically below the pulley at a height of 0.98 m above the floor (see diagram). A, B, the string and
the pulley are all in the same vertical plane. B is released and A moves downwards.
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(i) Find the acceleration of A and the tension in the string,. [5]

A hits the floor and B continues to move towards the pulley. Find the time taken, from the instant that
B is released, for

(1i) A to reach the floor, 2]
(iii) B to reach the pulley. 3]
Answers. (i) a =4 ms‘z, f=192N; (ii) 07s; (il 0855 43/N12/7
12 Agl3ke
Be(2ke
Particles A and B, of masses (.3kg and 0.2kg respectively, are attached to the ends of a light
inextensible string. A is held at rest on a rough horizontal table with the string passing over a small
smooth pulley at the edge of the table. B hangs vertically below the pulley (see diagram). The system
is released and B starts to move downwards with acceleration 1.6 m s, Find
(i) the tension in the string after the system is released, [2]
(ii) the frictional force acting on A. [3]
Answers: (i} 1.68 N; (i) 1.2 M. 41/N12/2
13 N
N
As B
065 m

Two particles A and B have masses 0.12 kg and .38 kg respectively. The particles are attached to the
ends of a light inextensible string which passes over a fixed smooth pulley. A is held at rest with the
string taut and both straight parts of the string vertical. A and B are each at a height of 0.65 m above
horizontal ground (see diagram). A is released and B moves downwards. Find

(i) the acceleration of B while it is moving downwards, [2]

(ii) the speed with which B reaches the ground and the time taken for it to reach the ground. 31
B remains on the ground while A continues to move with the string slack, without reaching the pulley.
The string remains slack until A is at a height of 1.3 m above the ground for a second time. At this

instant A has been in motion for a total time of T s.

(iii) Find the value of T and sketch the velocity-time graph for A for the first T's of its motion.  [3]
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(iv) Find the total distance travelled by A in the first T s of its motion. 2]

Answers. {i} 5.2 ms® (i) 26ms'05s (iif) 1.02 ivi 1326 m(1.33m) 43/]12/7

14

0
/N8 TAN

Particles P and @, of masses 0.6kg and 0.4 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a small smooth pulley which is fixed at the top of a vertical
cross-section of a triangular prism. The base of the prism is fixed on horizontal ground and each of
the sloping sides is smooth. Each sloping side makes an angle 8 with the ground, where sin8 = 0.8,
Initially the particles are held at rest on the sloping sides, with the string taut (see diagram). The
particles are released and move along lines of greatest slope.

(i) Find the tension in the string and the acceleration of the particles while both are moving. [5]

The speed of P when it reaches the ground is 2ms™'. On reaching the ground P comes to rest and
remains at rest. (0 continues to move up the slope but does not reach the pulley.

(ii) Find the time taken from the instant that the particles are released until Q reaches its greatest
height above the ground. 4]

Answers. (i} Tension = 3.84 N, acceleration=16ms® (i) 155 41/]12/6

15

Particles P and () are attached to opposite ends of a light inextensible string which passes over a fixed
smooth pulley. The system is released from rest with the string taut, with its straight parts vertical,
and with both particles at a height of 2 m above horizontal ground. P moves vertically downwards
and does not rebound when it hits the ground. At the instant that P hits the ground, Q is at the
point X, from where it continues to move vertically upwards without reaching the pulley. Given that
P has mass 0.9 kg and that the tension in the string is 7.2 N while P is moving, find the total distance
travelled by Q from the instant it first reaches X until it returns to X. [6]

Answer 0.8 m 43/N11/3

16

Particles A of mass 0.65 kg and B of mass 0.35 kg are attached to the ends of a light inextensible string
which passes over a fixed smooth pulley. B is held at rest with the string taut and both of its straight
parts vertical. The system is released from rest and the particles move vertically. Find the tension in
the string and the magnitude of the resultant force exerted on the pulley by the string. [5]

Answers. Tension =4.55 N, Magnitude =91 N 41/N11/2
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A small smooth pulley is fixed at the highest point A of a cross-section ABC of a triangular prism.
Angle ABC = 90° and angle BCA = 30°. The prism is fixed with the face containing BC in contact
with a horizontal surface. Particles P and ( are attached to opposite ends of a light inextensible

string, which passes over the pulley. The parﬁcles are in equilibrilim with P hanging :fertically below
the pulley and @ in contact with AC. The resultant force exerted on the pulley by the stringis 3+/3 N
(see diagram).

(i) Show that the tension in the string is 3 N. [2]

The coefficient of friction between ( and the prism is 0.75.

(ii) Given that Q is in limiting equilibrium and on the point of moving upwards, find its mass. [3]

Answer. {ii) 0.261 kg. 43/N10/3

Particles P and O, of masses (.2kg and 0.5 kg respectively, are connected by a light inextensible
string. The string passes over a smooth pulley at the edge of a rough horizontal table. P hangs freely
and Q is in contact with the table. A force of magnitude 3.2 N acts on 0, upwards and away from the
pulley, at an angle of 30° to the horizontal (see diagram).

(i) The system is in limiting equilibrium with P about to move upwards. Find the coefficient of
friction between ( and the table. [6]

The force of magnitude 3.2 N is now removed and P starts to move downwards.

(ii) Find the acceleration of the particles and the tension in the string. [4]

Answer: i) 0.227 ii) 1.75 41/N10/7
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The diagram shows a vertical cross-section of a triangular prism which is fixed so that two of its faces
are inclined at 60° to the horizontal. One of these faces is smooth and one is rough. Particles A and
B, of masses 0.36 kg and 0.24 kg respectively, are attached to the ends of a light inextensible string
which passes over a small smooth pulley fixed at the highest point of the cross-section. B is held at
rest at a point of the cross-section on the rough face and A hangs freely in contact with the smooth
face (see diagram). B is released and starts to move up the face with acceleration 0.25m 52,

(i) By considering the motion of A, show that the tension in the string is 3.03 N, correct to 3 significant
figures. [2]

(ii) Find the coefficient of friction between B and the rough face, correct to 2 significant figures.

(6]

Answer: (i) 0.74. 43/]10/4

20

Particles A and B, of masses 0.2 kg and 0.45 kg respectively, are connected by a light inextensible
string of length 2.8 m. The string passes over a small smooth pulley at the edge of a rough horizontal
surface, which 1s 2 m above the floor. Particle A is held in contact with the surface at a distance of
2.1 m from the pulley and particle B hangs freely (see diagram). The coefficient of friction between
A and the surface is 0.3. Particle A is released and the system begins to move.

(i) Find the acceleration of the particles and show that the speed of B immediately before it hits the

floor is 3.95 ms™!, correct to 3 significant figures. [71
(ii) Given that B remains on the floor, find the speed with which A reaches the pulley. 4]
Answer: i) 6ii) 3.29 41/]10/6
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10kg

Two particles of masses 5 kg and 10kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The 5kg particle is on a rough fixed slope which is at an angle of o to the
horizontal, where tan c« = % The 10 kg particle hangs below the pulley (see diagram). The coefficient

of friction between the slope and the 5 kg particle is % The particles are released from rest. Find the
acceleration of the particles and the tension in the string. [71

200 J16/41/Q5

Answers: an%ﬂ_m ms? T==2=667 N

22 Two particles of masses 1.3 kg and 0.7 kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The particles are held at the same vertical height with the string taut. The
distance of each particle above a horizontal plane is 2 m, and the distance of each particle below the
pulley is 4 m. The particles are released from rest.

(i} Find
(a) the tension in the string before the particle of mass 1.3 kg reaches the plane,
(b} the time taken for the particle of mass 1.3 kg to reach the plane.
(6]
(ii) Find the greatest height of the particle of mass 0.7 kg above the plane. [4]
Answer- 81N 1155 4.6m J16/43/Q6
23 A particle P moves in a straight line. At time fs, the displacement of P from @ is sm and the
acceleration of P is ams™2, where a = 61— 2. Whent= 1,5 =7 and whent =3, 5 = 29.
(i) Find the set of values of ¢ for which the particle is decelerating, [2]
(ii) Find s in terms of . [5]
(iii) Find the time when the velocity of the particle is 10ms™!. [3]
Answer. t<1/3 s='-F+2t+5 2s J16/43/Q7
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AN BN

Two light inextensible strings are attached to a particle of weight 25N. The strings pass over two
smooth fixed pulleys and have particles of weights A N and BN hanging vertically at their ends. The

sloping parts of the strings make angles of 30° and 40° respectively with the vertical (see diagram).
The system is in equilibrium. Find the values of A and B. [6]

Answers: A=17.1, B=1323 (to three significant figures) J17/41/Q3

25

As shown in the diagram, a particle A of mass 0.8 kg lies on a plane inclined at an angle of 30° to the
horizontal and a particle B of mass 1.2 kg lies on a plane inclined at an angle of 60° to the horizontal.
The particles are connected by a light inextensible string which passes over a small smooth pulley P
fixed at the top of the planes. The parts AP and BP of the string are parallel to lines of greatest slope
of the respective planes. The particles are released from rest with both parts of the string taut.

(i) Given that both planes are smooth, find the acceleration of A and the tension in the string.  [6]

(ii} It is given instead that both planes are rough, with the same coefficient of friction, p, for both
particles. Find the value of p for which the system is in limiting equilibrium. [6]

Answers. (i} The acceleration of A is 3.20 ms™> (to three significant figures) The tension in the string is ] 17/ 41/ Q7
6.56 N (to three significant figures) (ii) The value of 4 for which the system is in limiting
equilibrium is 0.484 (to three significant figures)

26
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Two particles A and B of masses m kg and 4 kg respectively are connected by a light inextensible
string that passes over a fixed smooth pulley. Particle A is on a rough fixed slope which is at an angle
of 30° to the horizontal ground. Particle B hangs vertically below the pulley and is 0.5 m above the
ground (see diagram). The coefficient of friction between the slope and particle A is 0.2.

(1) Inthe case where the system is in equilibrium with particle A on the point of moving directly up
the slope, show that 11 = 5.94, correct to 3 significant figures. [6]

(ii) In the case where m = 3, the system is released from rest with the string taut. Find the total
distance travelled by A before coming to instantaneous rest. You may assume that A does not
reach the pulley. [8]

Answer: 0.710m ]117/43/Q7

27

Two particles A and B, of masses 0.8 kg and 1.6 kg respectively, are connected by a light inextensible
string. Particle A is placed on a smooth plane inclined at an angle 8 to the horizontal, where sin 6 = %
The string passes over a small smooth pulley P fixed at the top of the plane, and B hangs freely (see
diagram). The section AP of the string is parallel to a line of greatest slope of the plane. The particles
are released from rest with both sections of the string taut. Use an energy method to find the speed
of the particles after each particle has moved a distance of 0.5 m, assuming that A has not yet reached
the pulley. [6]

Answer. 218 me™ J18/43/Q4

28

| Ja~t

o

Two particles P and (J, of masses 0.6 kg and 0.4 kg respectively, are connected by a light inextensible
string. The string passes over a small smooth light pulley fixed at the edge of a smooth horizontal
table. Initially P is held at rest on the table and Q hangs vertically (see diagram). P is then released.
Find the tension in the string and the acceleration of (. [4]

Answers: The tension in the string i= 2.4 N The aceeleration of Q is 4 ms™ N16/41/Q1
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Floor

Particles P and @, of masses 7kg and 3kg respectively, are attached to the two ends of a light
inextensible string. The string passes over two small smooth pulleys attached to the two ends of a
horizontal table. The two particles hang vertically below the two pulleys. The two particles are both
initially at rest, 0.5 m below the level of the table, and 0.4 m above the horizontal floor (see diagram).

(1) Find the acceleration of the particles and the speed of P immediately before it reaches the floor.

[4]
(ii) Determine whether J comes to instantaneous rest before it reaches the pulley directly above it.
[2]

Answer Acceleration of the particles iz 4 me™ Speed of Pis 1.79ms N16/43/Q3

30

Two particles A and B of masses 0.9kg and 0.4 kg respectively are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to the top of two
inclined planes. The particles are initially at rest with A on a smooth plane inclined at angle 6° to the
horizontal and B on a plane inclined at angle 25° to the horizontal. The string is taut and the particles
can move on lines of greatest slope of the two planes. A force of magnitude 2.5 N is applied to B
acting down the plane (see diagram).

(i) For the case where 8 = 15 and the plane on which B rests is smooth, find the acceleration of B.

[5]

(ii) For a different value of 8, the plane on which B rests is rough with coefficient of friction between
the plane and B of 0.8. The system is in limiting equilibrium with B on the point of moving in
the direction of the 2.5 N force. Find the value of 0. [3]

Answer: The acceleration of Bis 1.43ms™ {to 35f) Answer: 6= 8.2 {to 1dp) N17/41/Q7

31

Two particles A and B have masses 0.35 kg and 0.45 kg respectively. The particles are attached to the
ends of a light inextensible string which passes over a small fixed smooth pulley which is 1 m above
horizontal ground. Initially particle A is held at rest on the ground vertically below the pulley, with
the string taut. Particle B hangs vertically below the pulley at a height of 0.64 m above the ground.
Particle A is released.

(i) Find the speed of A at the instant that B reaches the ground. [5]
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(i} Assuming that B does not bounce after it reaches the ground, find the total distance travelled by
A between the instant that B reaches the ground and the instant when the string becomes taut

again. [2]
Answers: (i) 1.26ms™ (i} 0.16m N17/43/Q4
32 Two particles A and B, of masses mkg and 0.3 kg respectively, are attached to the ends of a light

inextensible string. The string passes over a fixed smooth pulley and the particles hang freely below

it. The system is released from rest, with both particles 0.8 m above horizontal ground. Particle A

reaches the ground with a speed of 0.6 ms™.

(1) Find the tension in the string during the motion before A reaches the ground. [4]
(ii) Find the value of m. [2]
Answers: (i} 3.07TN {io 3 a0 (i) m=0.314 {to 3=f N18/41/Q4

> N
N

03ke @ ® 05ke

hm

Two particles P and @, of masses 0.3 kg and 0.5 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley with the particles hanging freely
below it. @ is held at rest with the string taut at a height of # m above a horizontal floor (see diagram).
0 is now released and both particles start to move. The pulley is sufficiently high so that P does not
reach it at any stage. The time taken for ( to reach the flooris 0.6s.

(1) Find the acceleration of @ before it reaches the floor and hence find the value of A. [6]

O remains at rest when it reaches the floor, and P continues to move upwards.

(ii) Find the velocity of P at the instant when Q reaches the floor and the total time taken from the

instant at which Q is released until the string becomes taut again. [3]
Answer: a=25ms- h=045 N18/43/Q5
Answer: Velocity of P when Q reaches floor = 1.5me™ Totaltime=09s
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34

A small ball B of mass 4 kg is attached to one end of a light inextensible string. A particle P of mass
3 kg is attached to the other end of the string. The string passes over a fixed smooth pulley. The
system is in equilibrium with the string taut and its straight parts vertical. B is at rest on a rough plane
inclined to the horizontal at an angle of «, where cos o = 0.8 (see diagram). State the tension in the

string and find the normal component of the contact force exerted on B by the plane. [3]
Answer: 30N 8N N15/43/Q1
35
A
!
1.6 m
} B

Particles A and B, of masses 0.35kg and 0.15 kg respectively. are attached to the ends of a light
inextensible string which passes over a fixed smooth pulley. The system is at rest with B held on the
horizontal floor, the string taut and its straight parts vertical. A is at a height of 1.6 m above the floor
(see diagram). B is released and the system begins to move; B does not reach the pulley. Find

(i} the acceleration of the particles and the tension in the string before A reaches the floor, [4]
(ii) the greatest height above the floor reached by B. 3]
Answer: ()4 ms™® 21N (i) 2.24 m N15/43/Q4
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36

Blocks P and Q, of mass m kg and 5 kg respectively, are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley which is fixed at the top of a rough plane inclined
at 35° to the horizontal. Block P is at rest on the plane and block Q hangs vertically below the pulley
(see diagram). The coefficient of friction between block P and the plane is 0.2. Find the set of values
of m for which the two blocks remain at rest. [6]

Answers: The set of values of m for which the two blocks remain atrestis 678sm 5122 N15/41/Q4

[143] Compiled by: Salman Farooq



WORK, ENERGY, POWER

WORK

The_product.ﬂf F and s is referred to as the work done by the
constant force F as the particle moves through a displacement s.

The 5.1. unit of work is the joule (T}, which is the amount of work done
when a force of 1 newton meoves an object a distance of 1 metre. The
joule is named after the English physicist James Prescott Joule (1818-89).

It is important to realise that the displacernent must take place in the direction of
the force, Hence, any forces that are perpendicular to the displacement do ne work.

Frequently, the applied force is directed at an angle ta the direction that the
displacement occurs. For the object in Example 1 the rope used to pull the
object may be inclined to the horizontal.

Suppose a force F is applied to an object that is then displaced by a distance
s in a direction making an angle & with the direction of F.

The force F can be resolved inte two components: parallel and perpendicular
to the direction of the displacement. The perpendicular component, Fsin 8,

does no work because there is no displacement in that direction. The parallel
component, Fcos B, is displaced a distance s. Therefore the work done by Fis

{FcosB) % s=Fscosé

EXAMPLE 1

A pack_mgcase is pulled along horizontal ground a distance of 6m R
by means of a rope inclined at 35° to the horizontal, The tension in 200

the rope is 400N Find the work done by the tension. 4
g 35
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KINETIC ENERGY (KE)

If an object is moving with a speed v the quantity —mvﬂ is called the
kinetic energy of the body.

So the kinetic energy (KE) of a body is the energy it possesses because of its motion.
Equation (1) tells us that when a force does work on a body 5o as to increase its
speed, then the work done is 2 measure of the increase in the kinetic energy.of the body.

EXAMPLE 2
A car.of mass 1600 kg s i‘.tavt:]lmg alonga stra.lght horizontal road ‘at 15ms™..The brakes are
applied as the car approaches:a junction. The car.travels 25'm before comingto rest. Find

a) theinitial kinetic energy of the car
b) the workdene in stopping the car
c) -the force applied in stopping the car.

EXAMPLE 3
A biody of miass 6 kg increases its energy by 38]. If its initial speed was 2m

5‘1,__ﬁnd its final speed.

POTENTIAL ENERGY (PE)

If an object increases its height by a distance # the quantity mgh is
the increase in gravitational potential energy of the object.

Raising an object increases its gravitational potential energy (GPE), while lowering
it decreases its GPE. The amount of energy is simply sgh, where h is the distance

above some arbitrary reference point. When an object loses height, this potential

energy is converted tq kinetic energy.

EXAMPLE 4
A carriage on a roller coaster:ride has a mass of 130 kg. Find the change in potential energy

when the carriage descends 12m.

EXAMPLE 5
A climber of mass 75 kg scales a mountain'l, 8 ke high. Find her gain in pofential energy.
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EXAMPLE 6

A block of mass 2.9 kg slides down the line of greatest slope of a rough inclined plane; The normal
reaction between the block and the plane is 2N.

a)" Show that if the angle of slape of thé plane is O, thien ebs E}—z—g~

b) Calculaté the change in gravitational potential énergy if the block slidesa distance of 2.4m.

CONSERVATION OF ENERGY

If, as an object moves, all of its potential energy is converted to kinetic energy,
then the situation is called a conservative system. If some work is done,
other than that done by or against gravity, so that oot all the potential

energy is converted to kinetic energy, this {s a non-conservative system.

So the total energy of a system remains constant providad no external
work is done and there are no sudden changes in the motion of the system.

The total energy of a system remains constant provided no external
work is done and there are no sudden changes in the motion of the
system. This is known as the principle of conservation of energy.

EXAMPLE 7
A ball of mass 06 kg is dropped. from rest ata height of 10m above the ground.,
'Neglécting air resistance, find

a) theloss'in gravitational potential energy in falling to the ground
b) ‘the gain.in kinﬂﬁc_energ}r-zif' the instarit:the ball reaches the gmund
c) the speed with which the ball hits the ground,

EXAMPLE 8

A smooth slope is inclined at tan™ (%) to the horizontal. A -particle of mass

0.4Xkg is released from rest at the top of the slope. The particle reaches the
bottom of the slope at a speed of 8 ms™. Find the length of the slope.
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THE WORK-ENERGY PRINCIPLE

The total work dene on any system is equal to the total change in
energy. This is known as the work-energy principle.

Asan -::-I:_-ject moves, if worlt is done, and so not all of the potential energy
is converted to kinetic energy, the system is nen-conservative

{see Section 7.4). In these situations we can still make use of energy-to
solve a prablem because of the work—energy principle.

EXAMPLE 9

A partic_ii_e foriélﬂﬂ__-‘-ikg is projected down 2 planeinclined at-30° to the horizontal at 2
s‘pee}:lj_ of 1 m s, Thiete is a constarit resistance of 5N. Find the speed-of the particle after it has
travelled 6 m down the pline.

EXAMPLE 10

A car of mass 1200 kg has a speed of 26 m s at the bottom of a hill inclined at 5°'ta the
horizontal, The car. travels up the line of greatest slope of the hill. After a distance of 500m the
car’s speed has decreased to 12 m sV, The resistance to motion is constant and has magnitude
400 N. Find the constant driving force produced by the car’s engine..

There are cases where the énergy done by a specific force is given. The following
example shows how to deal with this type of prablem. It ¢annot be assumed that
the force is constant and hence the use of constant acceleration formulae is prohibited.

Example 11
_—
) LI
wms! __?E_'"J"..,-./’/,/”'E
: - 600 m
;

| A car:of mass 1250 kg travels-along a road that has aistraight horizontal section AR and a straight”

inclined section BC. The length of BC is 600 m. The speed of the car at:A, Band € 1s19ms™,

29ms™ and 19 ms™, respectively (see diagram).

‘a) The work done against the resistance to motion of the car, as it travels from A to B, is 525].
Find the-work done by the driving force as the car travels.fiom 4 -to B..
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b) Asthecar travels from B to C. the resistance to motion is-450 N-and the work dane by the
driving force is 370K]. Find the heig_l:-lt of G above-the level of AB.

hrsE A sAA RN AR A AL A a A A LN NN AR R RN A AL R AN RN AN A AR RN A A AR R NN A SR A R AR

Q Examination advice
It s temptlng 1o use the constant acceleration equations in this question. However, this would require
the assumption that the dfiving force and the resistance are constant, which Is nét stated In the
question. Only the work-dang by the resistance and by the driving force are given. This is something to
be aware of in questions of this type.

EXAMPLE 11

Ifi d playground a smiall child of mass20kg goes.dowr a'slide, ag shown in'the diagram. The:slide
i5:1.5m high and there is @ constant resistance of 10N between 'the. child a.nd the slide. The total
length of the slide is 3.5 m. Thie child starts from rest at the top of the slide. Firid

a) thelossin graﬁtaﬁunal erergy af the child in sl"i'd-ing to the bottom of theslide

b) the gain'in Kinetic energy at the instant she reaches the end of the slide

:c) her speed at the end of the:slide.
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POWER

The rate at which work is done is called power, which can be expressed in a formula.

work done

aweY = —mm
P time taken

One unit of power is produced when work is done at the rate of one
joule per second. This unit is called the watt, W, after James Watt
{1736-1819), a Scottish inventor and engineer best known for
his-work on steam engine development. The watt is a relatively
small unit, so it is often useful to use the kilowatt (W),

where 1kW = 1000 W,

For example, if it takes a car 50 seconds to maove 100m when the

average force produced by the engine is 300N, then the average

rate of working or average power is
work done 300100

timetaken 50

=600W

In some cases, when the power is specified, the speed is required
at 4 given time. A car that is moved a distance of s metres in.
t seconds by a driving force F newtcns has

Fxs

power= = =F xf

But the quantity % is the speed, vms', of the car.

Hence

power = Fv

If the speed is not constant the value of Fv gives the power at the instant
when the speed is vms™,

There is obviously a limit to the power that a car or any other vehicle can produce.
When the maximum power is attained the speed produced is also a maximum.
In this case there is no acceleration possible, and the resultant force is zero.
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EXAMPLE 12

A car moves along a horizontal road against a resistance of 750 N, 'The maximum power of
the car’s engine is 12 kW. Dietermine the maximum speed of the car.
R
v
750N D
mg
EXAMPLE 13

A mass of 164 kg'is raised, by a crane, vertically upwards through a distance/of 35 in
106 seconds: Caleulate theavérage power of the crane.

ACCELERATION AND VARIABLE RESISTANCE

If, at a particular instant, a vehicle exerts more driving force than the total resistive
forces.there will be a resultant force in the direction of motion. In this case the
vehicle will accelerate. The acceleration can be found by applying Newton’s second law.

Be aware that the acceleration will be different at different instants. This'is becanse,
if the power remains constant, the vehicle accelerates, changing its speed, and
hence the driving force will change. So we can only calculate acceleration at a
particular instant in Fime.

EXAMPLE 14
A car travels along a horizontal straight road againsta constant resistive
force _nf'magpifude;'iﬁ N. The mass of the car-is 14{}'Dl§g_and'-its engineis
working at a rate of 7.5kW. Calculate
a} the.accelerafion at the instant-when the.car..has-_a.sp_e&d of12ms™
b) ‘the speed of the car at the instant wheh it is accelerating ata rate of
0.1 5% up the line:of greafest slope of a kil inclined at ari angle of 5° to
‘the herizontal.
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EXAMPLE 15

A car of mass 1250 kg travels on a straight horizontal road. Tt experiences a resistive force of
magnitude 25v N, - where yms™ is the car’s speed. The maximum speed of the car on this road
is 60 m s, Calculate

a) the car’s maximum power

b) ‘thé car’s maximum possible acceleration when'its speed is-30m s

EXAMPLE 16

A car of mass 1000 kg moves along a horizontal straight road, passing
through points A and B. The power of its engine is constant and equal to
15000'W. The driving force exerted by the engine is 750N at A and 500N at
B. Find the speed of the car at A and at B, and hence find the increase in the
car’s kinetic energy as it moves from A to B.

[Cambridge AS and A Level Mathematics 9709, Paper 41 (}1 November 2009]

EXAMPLE 17

A car of mass 1150 kg travels up a straight hill inclined at 1.2° to the
horizontal. The resistance to motion of the car is 975 N. Find the acceleration
of the car at an instant when it is moving with speed 16 ms~! and the engine
is working at a power of 35 kW.

[Cambridge A5 and A Level Mathematics 9709, Paper 41 Q1 June 2010]

EXAMPLE 18

A car of mass 1200 kg travels along a horizontal straight road. The power
provided by the car’s engine is constant and equal to 20kW. The resistance to
the car’s motion is constant and equal to 500 N. The car passes through the
points A and B with speeds 10ms-! and 25 ms! respectively. The car takes

30.5s to travel from A to B.
(i) Find the acceleration of the car at A.

(i) By considering work and energy, find the distance AB.
[Cambridge AS and A Level Mathematics 9709, Paper 4 Q7 June 2005]
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SELECTED PAST PAPER QUESTIONS

QUESTION 1
J12/41/Q1

A car of mass 880 kg travels along a straight horizontal road with its engine working at a constant
rate of PW. The resistance to motion is 700 N. At an instant when the car’s speed is 16ms™' its
acceleration is 0.625 ms~2. Find the value of P. [4]

QUESTION 2
J12/43/Q1

05ms™

A ring 1s threaded on a fixed horizontal bar. The ring is attached to one end of a light inextensible
string which is used to pull the ring along the bar at a constant speed of 0.5ms™!. The string makes
a constant angle of 24° with the bar and the tension in the string is 6 N (see diagram). Find the work
done by the tension in a period of 8 s. [3]

QUESTION 3
N12/42/Q1

45N
147 -

A block is pushed along a horizontal floor by a force of magnitude 45 N acting at an angle of 14° to
the horizontal (see diagram). Find the work done by the force in moving the block a distance of 25 m.

[3]

QUESTION 4
J12/41/Q3

20m
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A load of mass 160 kg is pulled vertically upwards, from rest at a fixed point (? on the ground, using
a winding drum. The load passes through a point A, 20 m above O, with a speed of 1.25ms™! (see
diagram). Find, for the motion from O to A,

(i) the gain in the potential energy of the load, [1]

(ii) the gain in the kinetic energy of the load. [2]
The power output of the winding drum is constant while the load is in motion.

(iii) Given that the work done against the resistance to motion from @ to A is 20 kJ and that the time
taken for the load to travel from O to A is 41.7 s, find the power output of the winding drum. [3]

QUESTION 5
J12/43/Q5

A lorry of mass 16 000 kg moves on a straight hill inclined at angle &® to the horizontal. The length
of the hill is 500 m.

(i) While the lorry moves from the bottom to the top of the hill at constant speed, the resisting force
acting on the lorry is 800N and the work done by the driving force is 2800 kJ. Find the value
of a. [4]
(ii) On the return journey the speed of the lorry is 20ms™ at the top of the hill. While the lorry
travels down the hill, the work done by the driving force is 2400 kJ and the work done against
the resistance to motion is 800 kl. Find the speed of the lorry at the bottom of the hill. [4]
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QUESTION 6
N14/42/Q5

A

Particles 4 and B, each of mass 0.3 kg, are connected by a light inextensible string. The string passes
over a small smooth pulley fixed at the edge of a rough horizontal surface. Particle 4 hangs freely and
particle B is held at rest in contact with the surface (see diagram). The coefficient of friction between
B and the surface is 0.7. Particle B is released and moves on the surface without reaching the pulley.

(i) Find, for the first 0.9 m of B’s motion,

(a) the work done against the frictional force acting on B, [2]
(b) the loss of potential energy of the system, [1]
(c) the gain in kinetic energy of the system. [2]

At the instant when B has moved 0.9 m the string breaks. A is at a height of 0.54 m above a horizontal
floor at this instant.

(if) Find the speed with which A reaches the floor. [3]
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HOMEWORK: WORK, POWER, ENERGY VARIANT 42

A crate of mass 800kg is lifted vertically, at constant speed, by the cable of a crane. Find

(i) the tension in the cable, [1]
(ii) the power applied to the crate in increasing the height by 20 m in 50 s. [3]
Answers: (i) 8000 N; (i) 3200 W. Jo3/Q1

5.2m

The diagram shows a vertical cross-section ABCD of a surface. The parts AB and CD are straight
and have lengths 2.5m and 5.2 m respectively. AD is horizontal, and AB is inclined at 60° to the
horizontal. The points B and C are at the same height above AD. The parts of the surface containing
AB and BC are smooth. A particle P is given a velocity of 8ms ! at A, in the direction AB, and it
subsequently reaches D. The particle does not lose contact with the surface during this motion.

(i) Find the speed of P at B. [4]
(ii) Show that the maximum height of the cross-section, above AD, is less than 3.2 m. [2]
(iii) State briefly why P’s speed at C is the same as its speed at B. [1]
(iv) The frictional force acting on the particle as it travels from C to D is 1.4 N. Given that the mass
of P is 0.4 kg, find the speed with which P reaches D. [4]
Answers: (i) 4.55 ms™; {iii] Path BC is smooth and B and C are at the same height (= KE the same at 8 J03/Q7

and CJ; (iv) 525 ms ™.

The top of an inclined plane is at a height of 0.7m above the bottom. A block of mass 0.2kg is
released from rest at the top of the plane and slides a distance of 2.5 m to the bottom. Find the kinetic
energy of the block when it reaches the bottom of the plane in each of the following cases:

(i) the plane is smooth, [2]
(ii) the coefficient of friction between the plane and the block is 0.15. [5]
Answers: (i) 1.4J; (i) 0.68 J. J04/Q4
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A car of mass 1200 kg travels along a horizontal straight road. The power of the car’s engine is 20 KW.
The resistance to the car’s motion is 400 N.

(i) Find the speed of the car at an instant when its acceleration is 0.5 m 572, [4]
(ii) Show that the maximum possible speed of the car is 50 m 5L, [2]
The work done by the car’s engine as the car travels from a point A to a point B is 1500kJ.

(iii) Given that the car is travelling at its maximum possible speed between 4 and B, find the time
taken to travel from A to 5. [2]

Answers: (i) 20 ms™; (i) 75 =. J04/Q6

A small block 1s pulled along a rough horizontal floor at a constant speed of 1.5m st by a constant
force of magnitude 30N acting at an angle of 8° upwards from the horizontal. Given that the work
done by the force in 205 is 72017, calculate the value of 6. [3]

Answer. 36.9. J05/Q1

A car of mass 1200 kg travels along a horizontal straight road. The power provided by the car’s engine
is constant and equal to 20 kKW. The resistance to the car’s motion is constant and equal to SO0N. The
car passes through the points 4 and B with speeds 10ms™! and 25ms! respectively. The car takes
30.5s to travel from A to B.

(i) Find the acceleration of the car at A. [4]
(ii) By considering work and energy, find the distance AB. [8]
Answers: (i) 1.25 ms™; (i) 590 m. J05/Q7

A block of mass 50 kg is pulled up a straight hill and passes through points .4 and B with speeds 7m s

and 3ms™! respectively. The distance AB is 200m and B is 15 m higher than A. For the motion of
the block from A to B, find

(i) the loss in kinetic energy of the block, [2]

(ii) the gain in potential energy of the block. [2]
The resistance to motion of the block has magnitude 7.5N.
(iii) Find the work done by the pulling force acting on the block. [2]

The pulling force acting on the block has constant magnitude 45N and acts at an angle o® upwards

from the hill.

(iv) Find the value of . [3]

Answers: (i) 1000 J; (i} 7500 J; (iii) 8000 J; (iv) 27.3. J06/Q6
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8 A car travels along a horizontal straight road with increasing speed until it reaches its maximum speed

of 30ms™!. The resistance to motion is constant and equal to RN, and the power provided by the
car’s engine is 18 KW,

(i) Find the value of R. [3]
(ii) Given that the car has mass 1200 kg, find its acceleration at the instant when its speed is 20 msL.
[3]
Answers: (i) 600; (i) 0.25 ms™, J07/Q3
9 ~1
17ms
—
17ms™! 25ms™! o
500 m
A B
A lorry of mass 12 500 kg travels along a road that has a straight horizontal section 4B and a straight
inclined section BC. The length of BC is 500 m. The speeds of the lory at A, B and C are 171_1_15_1_.
25ms! and 17ms™! respectively (see diagram).
(i) The work done against the resistance to motion of the loity, as it travels from A to B, is 5000 kJ.
Find the work done by the driving force as the loiry travels from A to B. [4]
(ii) As the lory travels from B to C, the resistance to motion is 4800 N and the work done by the
driving force is 3300 kJ. Find the height of C above the level of AB. [4]
Answers: (i) 7100 kJ; (il) 24 m. J07/Q5
10

A block is being pulled along a horizontal floor by a rope inclined at 20° to the horizontal. The tension
in the rope is 851 N and the block moves at a constant speed of 2.5m s7L.

(i) Show that the work done on the block in 12 s is approximately 24 kJ. [3]
(ii) Hence find the power being applied to the block, giving your answer to the nearest KW. [1]
Answer. (i) 2 KW. J08/Q2
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11 0
24m
500NA ____c
B
OABC is a vertical cross-section of a smooth surface. The straight part OA has length 2.4m and
makes an angle of 50° with the horizontal. A and C are at the same horizontal level and B is the lowest
point of the cross-section (see diagram). A particle P of mass 0.8 kg is released from rest at O and
moves on the surface. P remains in contact with the surface until it leaves the surface at C. Find
(i) the kinetic energy of P at A, [2]
(ii) the speed of P at C. [2]
The greatest speed of P is 8m s7L.
(iii) Find the depth of B below the horizontal through 4 and C. [3]
Answers: (i) 147 J: {ii) 6.06 ms™" {ii) 1.36m. J08/Q4
12 A particle P of mass 0.6 kg is projected vertically upwards with speed 5.2m s! from a point O which
is 6.2m above the ground. Air resistance acts on P so that its deceleration is 10.4ms~2 when P is
moving upwards, and its acceleration is 9.6 ms~2 when P is moving downwards. Find
(i) the greatest height above the ground reached by P, [3]
(ii) the speed with which P reaches the ground, [2]
(iii) the total work done on P by the air resistance. [4]
Answers: (i) 7.5 m; (i) 12ms™; (i) 2.11J. J08/Q6
13

A crate C is pulled at constant speed up a straight inclined path by a constant force of magnitude F'N,
acting upwards at an angle of 15° to the path. C passes through points P and @ which are 100 m apart
(see diagram). As C travels from P to Q the work done against the resistance to C’s motion is 900J,
and the gain in C’s potential energy is 2100J. Write down the work done by the pulling force as C
travels from P to @, and hence find the value of F. [3]

Answers. 3000J, 31.1. J09/Q2
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16

Omg! S5ms!
A 250 m b
ﬁ\ !
B dm C D

A cyclist and his machine have a total mass of 80kg. The cyclist starts from rest at the top A of a
straight path AB, and freewheels (moves without pedalling or braking) down the path to B. The path
AB is inclined at 2.6° to the horizontal and is of length 250 m (see diagram).

(i) Given that the cyclist passes through B with speed 9ms™!, find the gain in kinetic energy and
the loss in potential energy of the cyclist and his machine. Hence find the work done against the

resistance to motion of the cyclist and his machine. [3]

The cyclist continues to freewheel along a horizontal straight path BD until he reaches the point C,
where the distance BC is d m. His speed at Cis 5m s!. The resistance to motion is constant, and is
the same on BD as on AB.

(11) Find the value of 4. [3]

The cyclist starts to pedal at C, generating 425 W of power.

(iii) Find the acceleration of the cyclist immediately after passing through C. [3]
Answers: (i) 3240 J, 9070 J, 5830 J: (i) 96.0; (iii} 0.771 ms=. J09/Q5
17 A car of mass 1150kg travels up a straight hill inclined at 1.2° to the horizontal. The resistance to
motion of the car is 975 N. Find the acceleration of the car at an instant when it is moving with speed
16 ms™! and the engine is working at a power of 35 kW. [4]
Answers: (i) 20's; (i) 80 s; (iii) 4 ms~"; {iv) 1170 m. J10/Q1
18 P and Q are fixed points on a line of greatest slope of an inclined plane. The point Q is at a height of
0.45 m above the level of P. A particle of mass 0.3 kg moves upwards along the line PQ.
(i) Given that the plane is smooth and that the particle just reaches @, find the speed with which it
passes through P. [3]
(ii) It is given instead that the plane is rough. The particle passes through P with the same speed
as that found in part (i), and just reaches a point R which is between P and (0. The work done
against the frictional force in moving from P to R is 0.39]. Find the potential energy gained by
the particle in moving from P to R and hence find the height of R above the level of P. [4]
Answer (i) 3m~": {ii) 096J, 0.32 m. J10/Q5
19 A car of mass 1000 kg travels along a horizontal straight road with its engine working at a constant

rate of 20kW. The resistance to motion of the car 1s 600N. Find the acceleration of the car at an
instant when its speed is 25m sL [3]

2 N02/Q1

Answer: 0.2 ms ™
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20 (i) A particle P of mass 1.2kg is released from rest at the top of a slope and starts to move. The
slope has length 4 m and is inclined at 25° to the horizontal. The coefficient of friction between
P and the slope is %. Find

(a) the frictional component of the contact force on P, 21
(b) the acceleration of P, 2]
(¢) the speed with which P reaches the bottom of the slope. [2]

(ii) After reaching the bottom of the slope, P moves freely under gravity and subsequently hits a
horizontal floor which is 3 m below the bottom of the slope.

(a) Find the loss in gravitational potential energy of P during its motion from the bottom of the

slope until it hits the floor. [11
(b) Find the speed with which P hits the floor. [3]
Answers: (i){a) 2.72 N, (b) 1.96ms >, (¢) 3.96 ms " (ii)(a) 36 J, (b) 8.70 ms"". N02/Q6
21 A motorcycle of mass 100 kg 1s travelling on a horizontal straight road. Its engine is working at a rate

of 8kW. At an instant when the speed of the motorcycle is 25 ms™! its acceleration is 0.5 ms™. Find,
at this instant,

(i) the force produced by the engine, [1]
(i) the resistance to motion of the motorcycle. [3]
Answers: (i) 320 N; (i) 270 N. N03/Q1
22 25N
15°

A crate of mass 3kg is pulled at constant speed along a horizontal floor. The pulling force has
magnitude 25N and acts at an angle of 15 to the horizontal, as shown in the diagram. Find

(i) the work done by the pulling force in moving the crate a distance of 2 m, 21
(ii) the normal component of the contact force on the crate. [3]
Answers: (i)48.3 J; (i) 23.5 N. N03/Q3

23 A car of mass 1250 kg travels down a straight hill with the engine working at a power of 22 kW. The
hill is inclined at 3° to the horizontal and the resistance to motion of the car is 1130 N. Find the speed
of the car at an instant when its acceleration is 0.2 ms 2. [5]

Answer. 303 ms . N04/Q3
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24 A lorry of mass 16 000 kg climbs from the bottom to the top of a straight hill of length 1000 m at a
constant speed of 10m s7!. The top of the hill is 20 m above the level of the bottom of the hill. The
driving force of the lorry is constant and equal to S000N. Find

(D) the gain in gravitational potential energy of the lorry, [1]
(ii) the work done by the driving force, [1]
(iif) the work done against the force resisting the motion of the lorry. [1]
On reaching the top of the hill the lorry continues along a straight horizontal road against a constant
resistance of 1500 N. The driving force of the lorry is not now constant, and the speed of the lorry
increases from 10ms ™! at the top of the hill to 25m s at the point P. The distance of P from the top
of the hill is 2000 m.
(iv) Find the work done by the driving force of the lorry while the lorry travels from the top of the
hill to P. [5]
Arnswers: (i} 3200 kJ; (i) 5000 kJ; (i} 1800 kJ; {iv) 7200 kJ. N04/Q4

25 A crate of mass 50kg is dragged along a horizontal floor by a constant force of magnitude 400N
acting at an angle o° upwards from the horizontal. The total resistance to motion of the crate has
constant magnitude 250 N. The crate starts from rest at the point © and passes the point P with a speed
of 2ms™!. The distance OP is 20 m. For the crate’s motion from O to P, find

(i) the increase in kinetic energy of the crate, [1]
(ii) the work done against the resistance to the motion of the crate, [1]
(iii) the value of . [3]
N05/Q2
26

A box of mass 8 kg is pulled, at constant speed, up a straight path which is inclined at an angle of 15°
to the horizontal. The pulling force is constant, of magnitude 30N, and acts upwards at an angle of
10° from the path (see diagram). The box passes through the points A4 and B, where 45 = 20m and
B is above the level of 4. For the motion from A to B, find

(i) the work done by the pulling force, [2]
(ii) the gain in potential energy of the baox, 2]
(iii) the work done against the resistance to motion of the box. [1]

Answers (i) 581 J; (i) 414 J; (i) 177 J. N06/Q1
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27 A cyelist travels along a straight road working at a constant rate of 420 W. The total mass of the cyclist

and her eycle 1s 75kg. Ignoring any resistance to motion, find the acceleration of the cyclist at an

instant when she is travelling at 5m 571,

(i) given that the road 1s horizontal,

(ii) given instead that the road is inclined at 1.5° to the horizontal and the cyclist is travelling up the

slope.
[5]
N06/Q3
Answers. (i} 1.12 ms™= {ii) 0.858 ms™=. /Q
28 L
245m N

M

The diagram shows the vertical cross-section LAV of a fixed smooth surface. A 15 the lowest point
of the cross-section. Z is 2.45 m above the level of M, and ¥ 1s 1.2 m above the level of M. A particle
of mass 0.5 kg is released from rest at L and moves on the surface until it leaves it at V. Find

(i) the greatest speed of the particle, [3]
(ii) the kinetic energy of the particle at V. [2]

The particle is now projected from NV, with speed vm s along the surface towards M.

(iii) Find the least value of v for which the particle will reach L. 2]

Answers: (i) 7ms™; (i) 6.25J; (iii) 5. N06/Q5

29 A car of mass 900kg travels along a horizontal straight road with its engine working at a constant
rate of PkW. The resistance to motion of the car is 550 N. Given that the acceleration of the car is
0.2ms 2 at an instant when its speed is 30ms~!, find the value of P. [4]

Answer. 21.9. N07/ Q1
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30

B

The diagram shows the vertical cross-section of a surface. 4 and B are two points on the cross-section,

and 4 is 5m higher than B. A particle of mass 0.35kg passes through 4 with speed 7ms~!, moving
on the surface towards B.

(i) Assuming that there is no resistance to motion, find the speed with which the particle reaches B.

(3]

(ii) Assuming instead that there is a resistance to motion, and that the particle reaches B with speed
11ms™', find the work done a gainst this resistance as the particle moves from A to B. [3]

Answers. (i) 12.2 ms™"; (i) 4.9 J. N07/Q4

31

A car of mass 1200 kg is travelling on a horizontal straight road and passes through a point 4 with
speed 25m s7!. The power of the car’s engine is 18 kW and the resistance to the car’s motion is 900 N.

(i) Find the deceleration of the car at 4. [4]

(ii) Show that the speed of the car does not fall below 20 m s~! while the car continues to move with
the engine exerting a constant power of 18 kKW, [2]

Answer (i) 0.15 ms™. N08/Q3

32

A load of mass 160 kg is lifted vertically by a crane, with constant acceleration. The load starts from

rest at the point O. After 7s, it passes through the point 4 with speed 0.5ms™!. By considering
energy, find the work done by the crane in moving the load from O to A. [6]

Answer. 2820 J. N08/Q4
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33

A lorry of mass 15000 kg moves with constant speed 14ms™! from the top to the bottom of a straight
hill of length 900 m. The top of the hill is 18 m above the level of the bottom of the hill. The total
work done by the resistive forces acting on the lorry, including the braking force, is 4.8 x 10°J. Find

(i) the loss in gravitational potential energy of the lorry, [1]

(ii) the work done by the driving force. [1]

On reaching the bottom of the hill the lorry continues along a straight horizontal road against a constant
resistance of 1600 N. There is no braking force acting. The speed of the lorry increases from 14 m s
at the bottom of the hill to 16 ms™! at the point X, where X is 2500 m from the bottom of the hill.

(iii) By considering energy, find the work done by the driving force of the lorry while it travels from
the bottom of the hill to X. [3]

Answers: (i) 2.7 = 10° J; (i) 2.1 2 10° J; (i) 4.45 < 10°4. N09/42/Q2

33

A car of mass 1250 kg travels along a horizontal straight road with increasing speed. The power
provided by the car’s engine is constant and equal to 24 kW. The resistance to the car’s motion is
constant and equal to 600 N.

(i) Show that the speed of the car cannot exceed 40 m s7L. [3]

(ii) Find the acceleration of the car at an instant when its speed is [5m s7L. [3]

N09/42/Q3
Answer: (ii) 0.8 ms*

34

A cyclist, working at a constant rate of 400 W, travels along a straight road which is inclined at 2° to
the horizontal. The total mass of the cyclist and his cycle is 80 kg. Ignoring any resistance to motion,
find, correct to 1 decimal place, the acceleration of the cyclist when he is travelling

(i) uphill at 4ms~!,

(ii) downhill at4ms!.

[5]

N10/42/Q2

35

A block of mass 20kg is pulled from the bottom to the top of a slope. The slope has length 10m and
is inclined at 4.5° to the horizontal. The speed of the block is 2.5 ms™! at the bottom of the slope and

1.5ms™" at the top of the slope.
(i) Find the loss of kinetic energy and the gain in potential energy of the block. [3]

(ii) Given that the work done against the resistance to motion is 50], find the work done by the
pulling force acting on the block. [2]

(iii) Given also that the pulling force is constant and acts at an angle of 15° upwards from the slope,
find its magnitude. [2]

N10/42/Q4
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36

The diagram shows a vertical cross-section of a surface. A and B are two points on the cross-section.
A particle of mass 0.15kg is released from rest at A.

(i) Assuming that the particle reaches B with a speed of 8 m s~! and that there are no resistances to

motion, find the height of A above B. [3]

(ii) Assuming instead that the particle reaches B with a speed of 6m s and that the height of A

above B is 4 m, find the work done against the resistances to motion. [3]
Answers: (i) 3.2 m: (i) 3.3 J. N03/Q4

37  Aloadis pulled along horizontal ground for a distance of 76 m, using a rope. The rope is inclined at
5" above the horizontal and the tension in the rope is 65 N.

(i) Find the work done by the tension. 2]

At an instant during the motion the velocity of the load is 1.5ms™!.

(ii) Find the rate of working of the tension at this instant. [2]
Answers (i) 4920 J; (i) 971 'W. J11/42/Q1
38 An object of mass 8 kg slides down a line of greatest slope of an inclined plane. Its initial speed at the

top of the plane is 3ms~' and its speed at the bottom of the plane is 8ms™'. The work done against
the resistance to motion of the object is 120 I. Find the height of the top of the plane above the level

of the bottom. [4]
Answer. 425m. J11/42/Q2
39 A car of mass 1250 kg travels from the bottom to the top of a straight hill which has length 400 m and

is inclined to the horizontal at an angle of e, where sinoe = 0.125. The resistance to the car’s motion
is 800 N. Find the work done by the car’s engine in each of the following cases.

(i) The car’s speed is constant. [4]
(ii) The car’s initial speed is 6ms™!, the car’s driving force is 3 times greater at the top of the hill

than it is at the bottom, and the car’s power output is 5 times greater at the top of the hill than it
is at the bottom. [5]

Answers. (i) Work done = 9450000 {ii) Work done = 985 000 4 J12/42/Q6
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The frictional force acting on a small block of mass 0.15 kg, while it is moving on a horizontal surface,
has magnitude 0.12 N. The block is set in motion from a point X on the surface, with speed 3ms™. It
hits a vertical wall at a point ¥ on the surface 2 s later. The block rebounds from the wall and moves
directly towards X before coming to rest at the point Z (see diagram). At the instant that the block
hits the wall it loses 0.072 ] of its kinetic energy. The velocity of the block, in the direction from X to
Y.is vms ! at time £ s after it leaves X.

(i) Find the values of v when the block arrives at ¥ and when it leaves ¥, and find also the value of
t when the block comes to rest at Z. Sketch the velocity-time graph. %]

(ii) The displacement of the block from X, in the direction from X to ¥, is s m at time #s. Sketch the
displacement-time graph. Show on your graph the values of s and f when the block is at ¥ and
when it comes to rest at Z. [4]

Answers. (i) Vapgrasn = 14 M5, Vaepm =-1.0ms™, t=325s J12/42/Q7

41 A and B are two points 50 metres apart on a straight path inclined at an angle 8 to the horizontal,
where sin 8 = 0.05, with A above the level of B. A block of mass 16 kg is pulled down the path from
A to B. The block starts from rest at A and reaches B with a speed of 10ms™". The work done by the
pulling force acting on the block is 115017.

(i} Find the work done against the resistance to motion. 3]

The block is now pulled up the path from B to A. The work done by the pulling force and the work
done against the resistance to motion are the same as in the case of the downward motion.

(ii) Show that the speed of the block when it reaches A is the same as its speed when it started at B.

(2]

Answer. (i) 750J J13/42/Q2

42 A car of mass 1000 kg is travelling on a straight horizontal road. The power of its engine is constant
and equal to P kW. The resistance to motion of the car is 600 N. At an instant when the car’s speed is
25ms", its acceleration is 0.2 ms™2. Find

(i) the value of P, [4]
(ii) the steady speed at which the car can travel. [3]
Answers. (i) P=20 (i) Steady speed = 333 ms" J13/42/Q5

43

A car of mass 600 kg travels along a straight horizontal road. The resistance to the car’s motion is
constant and equal to R N.

(i) Find the value of R, given that the car’s acceleration is 1.4ms™ at an instant when the car’s
speed is 18 ms~! and its engine is working at a rate of 22.5 kW. 4]

(ii) Find the rate of working of the car’s engine when the car is moving with a constant speed of
15ms™". [1]
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Answer R=410  Answer. Rate of working of car's engine = 6150 W J14/42/Q1

44
B
A
30°
A light inextensible rope has a block A of mass 5 kg attached at one end, and a block B of mass 16 kg
attached at the other end. The rope passes over a smooth pulley which is fixed at the top of a rough
plane inclined at an angle of 30° to the horizontal. Block A is held at rest at the bottom of the plane
and block B hangs below the pulley (see diagram). The coefficient of friction between A and the
1
plane is i Block A is released from rest and the system starts to move. When each of the blocks
has moved a distance of xm each has speed vms™.
(i) Write down the gain in kinetic energy of the system in terms of v. [1]
(ii}) Find, in terms of x,
(a) the loss of gravitational potential energy of the system, [2]
() the work done against the frictional force. [3]
(iii) Show that 21v* = 220x. [2]
Answer. Kinetic Energy = 105 v* J14/42/Q5
Answer. Loss of Gravitational Potential Energy = 135
Answer. Work dong against friction = 25x
Answer. 135x = 10.51° +25x leading to the given expression
45 One end of a light inextensible string is attached to a block. The string makes an angle of 60° above
the horizontal and is used to pull the block in a straight line on a horizontal floor with acceleration
0.5ms 2. The tension in the string is 8 N. The block starts to move with speed 0.3 ms™". For the first
5 s of the block’s motion, find
(i) the distance travelled, [2]
(ii) the work done by the tension in the string. [2]
Answer: (i) Distance travelled = 7.75 m (i) Work done by the tension in the sting=31J  J15/42/Q1
46 The total mass of a cyclist and his cycle is 80 kg. The resistance to motion is zero.

(i) The cyclist moves along a horizontal straight road working at a constant rate of P W. Find the
value of P given that the cyclist’s speed is Sms™ when his acceleration is 1.2 ms™2. [2]

(if) The cyclist moves up a straight hill inclined at an angle @, where sina = 0.035. Find the

acceleration of the cyclist at an instant when he is working at a rate of 450 W and has
speed 3.6ms™. [3]
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Answer. (i) P= 480 (i) The acceleration of the cyclist is % =121 ms? J15/42/Q2
47 A plane is inclined at an angle of sin™ (%) to the horizontal. A and B are two points on the same line
of greatest slope with A higher than B. The distance AB is 12m. A small object P of mass 8 kg is
released from rest at A and slides down the plane, passing through B with speed 4.5ms™". For the
motion of P from A to B, find
(1) the increase in kinetic energy of P and the decrease in potential energy of P, [3]
(ii) the magnitude of the constant resisting force that opposes the motion of P. [2]
Answer. (i) Increase in kinetic energy of F = 81 J Decrease in potential energy of F =120 .J ]15/4.2/Q3
{if} The magnitude of the constant resisting force is 3.25 N
48 A racing cyclist, whose mass with his cycle is 75 kg, works at a rate of 720 W while moving on a
straight horizontal road. The resistance to the cyclist’s motion is constant and equal to R N.
(i) Given that the cyclist is accelerating at 0.16 ms™ at an instant when his speed is 12ms™', find
the value of R. 3]
{ii) Given that the cyclist’s acceleration is positive, show that his speed is less than 15ms~'. [2]
Answers: {i) B =48 N: {ii) v= 15 ms™ N11/42/Q1
49 A lorry of mass 16000 kg climbs a straight hill ABCD which makes an angle 8 with the horizontal,
where sin 8 = %. For the motion from A to B, the work done by the driving force of the lorry is
1200 kJ and the resistance to motion is constant and equal to 1240 N. The speed of the lorry is 15ms™
at Aand 12ms™" at B.
(i) Find the distance ARB. [5]
For the motion from B to [) the gain in potential energy of the lorry is 2400kJ.
(ii) Find the distance BD. [1]
For the motion from B to D the driving force of the lomry is constant and equal to 7200N. From B to
C the resistance to motion is constant and equal to 1240N and from C to I) the resistance to motion
is constant and equal to 1860 N.
(iii) Given that the speed of the lorry at D is 7ms', find the distance BC. [4]
Answears. (1) 200m; (if) 300m; {[ii) 61.3 m N11/42/Q6
50

\FLEBN
14° -

A block is pushed along a horizontal floor by a force of magnitude 45 N acting at an angle of 14° to
the horizontal (see diagram). Find the work done by the force in moving the block a distance of 25 m.

(3]

Answer: 1090 J. N12/42/Q1
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51 A car of mass 1250kg moves frem the bottom to the top of a straight hill of length 500 m. The top
of the hill is 30 m above the level of the bottom. The power of the car’s engine is constant and equal
to 30000 W. The car’s acceleration is 4 ms~2 at the bottom of the hill and is 0.2ms? at the top. The
resistance to the car’s motion is 1000 N. Find

(i) the car’s gain in kinetic energy, [5]
(ii) the work done by the car’s engine. 3]
Answears: (i} 128 kJ; (ii) 1000 kdJ. N12/42/Q6

52 A box of mass 25 kg is pulled in a straight line along a horizontal floor. The box starts from rest at a
point 4 and has a speed of 3ms~' when it reaches a point B. The distance AB is 15m. The pulling
force has magnitude 220 N and acts at an angle of ¢® above the horizontal. The work done against
the resistance to motion acting on the box, as the box moves from A4 to B, is 3000]J. Find the value

of a. [53]

"2

53 The resistance to motion acting on a runner of mass 70 kg is &v N, where vms™' is the runner’s speed

and £ is a constant. The greatest power the runner can exert is 100 W. The runner’s greatest steady

speed on horizontal ground is 4ms™.

(i) Show that & = 6.25. [2]

(ii) Find the greatest steady speed of the runner while running uphill on a straight path inclined at

an angle « to the horizontal, where sina = 0.03. [4]
Answer. v=208 ms™ N13/42/Q3

54 A train of mass 200000 kg moves on a horizontal straight track. It passes through a point A with
speed 28 ms™! and later it passes through a point B. The power of the train’s engine at B is 1.2 times
the power of the train’s engine at A. The driving force of the train’s engine at B is 0.96 times the
driving force of the train’s engine at 4.

(i) Show that the speed of the train at B is 35ms™". [2]

(ii) For the motion from A to B, find the work done by the train’s engine given that the work done
against the resistance to the train’s motion is 2.3 X 10°). [3]

Answer. 454 x 10° N14/42/Q3

55 B

A

Particles A and B, each of mass 0.3 kg, are connected by a light inextensible string. The string passes
over a small smooth pulley fixed at the edge of a rough horizontal surface. Particle A hangs freely and
particle B is held at rest in contact with the surface (see diagram). The coefficient of friction between
B and the surface is 0.7. Particle B is released and moves on the surface without reaching the pulley.
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(i) Find, for the first 0.9 m of B’s motion,

(a) the work done against the frictional force acting on B, [2]
(b) the loss of potential energy of the system, [1]
(¢) the gain in kinetic energy of the system. [2]

At the instant when B has moved 0.9 m the string breaks. A is at a height of 0.54 m above a horizontal

floor at this instant.

(if) Find the speed with which A reaches the floor. [3]

Answer: 1.89, 2.7, 0.81, 367 N14/42/Q5

The diagram shows a vertical cross-section ABC of a surface. The part of the surface containing AB
is smooth and A is 2.5 m above the level of B. The part of the surface containing BC is rough and
is at 45° to the horizontal. The distance BC is 4 m (see diagram). A particle P of mass 0.2kg is
released from rest at A and moves in contact with the curve AB and then with the straight line BC.
The coefficient of friction between P and the part of the surface containing BC is 0.4. Find the speed
[6]

with which P reaches C.

Answer: The speed with which P reaches C is 8.16 ms™' N15/42/Q4

A car of mass 1600 kg moves with constant power 14 kW as it travels along a straight horizontal road.
The car takes 25 s to travel between two points A and B on the road.

(i) Find the work done by the car’s engine while the car travels from A to B. [2]

The resistance to the car’s motion is constant and equal to 235 N. The car has accelerations at A and
B of 0.5ms 2 and 0.25 ms™2 respectively. Find

(ii) the gain in kinetic energy by the car in moving from A to B, [5]
(ii1) the distance AB. [3]
N15/42/Q7

Answer. Work Done by the cars engine = 3500000 = 350 kJd
Answar: Vs = 28000207 = 13.53 ms™' and Ve = 2B00/127 = 22.05 ms' Gain in Kinetic Energy = 2424980 J

Answer. The distance AB= 457 m
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HOMEWORK: WORK, POWER, ENERGY VARIANT 41 & 43

1 A block is pulled along a horizontal floor by a horizontal rope. The tension in the rope is 500N and
the block moves at a constant speed of 2.75 ms™'. Find the work done by the tension in 40 s and find
the power applied by the tension. [4]
Answer: Work Done = 55000 J Power = 1375 W 43/]15/1

2 A car of mass 860 kg travels along a straight horizental road. The power provided by the car’s engine

is PW and the resistance to the car’s motion is B N. The car passes through one point with speed
4.5ms™" and acceleration 4ms™>. The car passes through another point with speed 22.5m s and
acceleration 0.3 ms 2. Find the values of P and R. [6]

Answer: P= 17900 R =537.5 43/]15/3

3 A lorry of mass 12000 kg moves up a straight hill of length 500 m, starting at the bottom with a speed
of 24 ms~! and reaching the top with a speed of 16 ms™'. The top of the hill is 25 m above the level
of the bottom of the hill. The resistance to motion of the lorry is 7500 N. Find the driving force of the

lorry. [6]
Answer: Driving Force = 9660 N 43/]15/4

4 A block of weight 6.1 N slides down a slope inclined at tan™' (%) to the horizontal. The coefficient of

friction between the block and the slope is %. The block passes through a point A with speed 2ms™'.

Find how far the block moves from A before it comes to rest. [5]
Answer. Distance moved by the block from A before it comes to restis 3.05 m 41/]15/3

5 A lorry of mass 14 000 kg moves along a road starting from rest at a point ¢2. It reaches a point A,

and then continues to a point B which it reaches with a speed of 24 m s\, The part A of the road
is straight and horizontal and has length 400 m. The part AB of the road is straight and is inclined
downwards at an angle of 8 to the horizontal and has length 300 m.

(i} For the motion from @ to &, find the gain in kinetic energy of the lorry and express its loss in
potential energy in terms of 8. [3]

The resistance to the motion of the lorry is 4800 N and the work done by the driving force of the lorry
from O to B is 5000 kI.

(ii} Find the value of 8. [3]
Answer. (i} Gain in Kinetic Energy = 4032000 J = 4032 kJ 41/]15/4
Loss of Potential Energy = 42000000 sin 8 J = 42000 sin 6 kJ
i) 8=33
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A small block of mass 3 kg is initially at rest at the bottom @ of a rough plane inclined at an angle &
to the horizontal, where sina = 0.6 and cos e = 0.8. A force of magnitude 35 N acts on the block at
an angle B above the plane, where sin 8 = 0.28 and cos p = 0.96. The block starts to move up a line
of greatest slope of the plane and passes through a point A with speed 4ms~!. The distance OA is
12.5m (see diagram).

(i) For the motion of the block from @ to A, find the work done against the frictional force acting
on the block. [4]

(ii) Find the coefficient of friction between the block and the plane. [3]

At the instant that the block passes through A the force of magnitude 35 N ceases to act.

(iii) Find the distance the block travels up the plane after passing through A. [4]
Answer. 171, 0.983, D.5B4 43/N14/7
50N o
35ms
1 .
8.5ms o
e [+ T
B
A

A block of mass 60 kg is pulled up a hill in the line of greatest slope by a force of magnitude 50N
acting at an angle a® above the hill. The block passes through points 4 and B with speeds 8.5 ms™!
and 3.5ms™" respectively (see diagram). The distance 458 is 250 m and B is 17.5m above the level
of A. The resistance to motion of the block is 6 N. Find the value of a. [11]

Answer. 353 41/N14/7
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8 A lorry of mass 16 000 kg travels at constant speed from the bottom, O, to the top, 4, of a straight
hill. The distance (4 is 1200 m and 4 is 18 m above the level of @. The driving force of the lorry is
constant and equal to 4500 N.

(i) Find the work done against the resistance to the motion of the lorry. [3]

On reaching A4 the lorry continues along a straight horizontal road against a constant resistance of
2000 N. The driving force of the lorry is not now constant, and the speed of the lorry increases from
Oms ' at4to21ms™" at the point B on the road. The distance 48 is 2400 m.

(ii) Use an energy method to find F, where F N is the average value of the driving force of the lorry
while moving from 4 to B. [3]

(iii) Given that the driving force at 4 is 1280N greater than # N and that the driving force at B is
1280 N less than 7 N, show that the power developed by the lorry’s engine is the same at B as it

is at A. [2]
Answer. 252x10%°J 3200 43/]14/5
9 A train is moving at constant speed Vms~! along a horizontal straight track. Given that the power
of the train’s engine is 1330 kW and the fotal resistance to the train’s motion is 28 kN, find the value
of V. [3]
Answer. V=475 41/]14/1
10 o A B
m
176 1160 m
OQ————-—"—- - ___

A car of mass 1100 kg starts from rest at {J and travels along a road @AE. The section (4 is straight,
of length 1760 m, and inclined to the horizontal with A at a height of 160 m above the level of &. The
section AB is straight and horizontal (see diagram). While the car is moving the driving force of the

car is 1800 N and the resistance to the car’s motion is 700 N. The speed of the car is vms™! when the
car has travelled a distance of x m from .

(i) For the car’s motion from @ to A, write down its increase in kinetic energy in terms of v and
its increase in potential energy in terms of x. Hence find the value of & for which kv* = x for

0< x < 1760. [4]
(ij) Show that v = 2x — 3200 for x = 1760. [4]
Answer. k=55 41/]14/5

11 A lorry of mass 12 500 kg travels along a road from 4 to C passing through a point B. The resistance
to motion of the lorry is 4800 N for the whole journey from A4 to C.

(i) The section 4B of the road is straight and horizontal. On this section of the road the power of
the lorry’s engine is constant and equal to 144 kW. The speed of the lorry at 4 is 16 ms™" and its
acceleration at B is 0.096 ms~2. Find the acceleration of the lorry at 4 and show that its speed
at Bis 24ms L. 31

(ii) The section BC of the road has length 500 m, is straight and inclined upwards towards C. On
this section of the road the lorry’s driving force is constant and equal to 5800 N. The speed of
the lorry at C is 16 ms™'. Find the height of C above the level of 43. [5]

Answer. 0336 ms®  20m 43/N13/6
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40N

A block B lies on a rough horizontal plane. Horizontal forces of magnitudes 30N and 40 N, making
angles of & and B respectively with the x-direction, act on B as shown in the diagram, and B is moving
in the x-direction with constant speed. It is given that cos = 0.6 and cos 8 = 0.8.

(i) Find the total work done by the forces shown in the diagram when B has moved a distance of

20m. [2]

(ii) Given that the coefficient of friction between the block and the plane is %, find the weight of the

block. [3]
Answer: (i) 1000 J (ii) BON 41/N13/2

13 A lorry of mass 15 000 kg climbs from the bottom to the top of a straight hill, of length 1440 m, ata
constant speed of 15ms~". The top of the hill is 16 m above the level of the bottom of the hill. The
resistance to motion is constant and equal to 1300N.

(i) Find the work done by the driving force. [4]
On reaching the top of the hill the lorry continues on a straight horizontal road and passes through a
point P with speed 24 ms™!. The resistance to motion is constant and is now equal to 1600 N. The
work done by the lorry’s engine from the top of the hill to the point P is 5030 kJ.
(ii) Find the distance from the top of the hill to the point P. [3]
Answer: (i) 4.99 x10°J (i) 1500 m 41/N13/5
14

324 m

A &

Particle 4 of mass 1.6 kg and particle 5 of mass 2 kg are attached to opposite ends of a light inextensible
string. The string passes over a small smooth pulley fixed at the top of a smooth plane, which is
inclined at angle 8, where sin 8 = 0.8. Particle 4 is held at rest at the bottom of the plane and B hangs
at a height of 3.24 m above the level of the bottom of the plane (see diagram). A is released from rest
and the particles start to move.
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(i) Show that the loss of potential energy of the system, when B reaches the level of the bottom of
the plane, is 23.328 1. [3]

(iiy Hence find the speed of the particles when 5 reaches the level of the bottom of the plane.  [2]

Answer. 23328 J; 36 ms™ 43/]13/2
15 A car has mass 800kg. The engine of the car generates constant power 2 kW as the car moves along
a straight horizontal road. The resistance to motion is constant and equal to & N. When the car’s
speed is 14 ms™! its acceleration is 1.4m s, and when the car’s speed is 25 ms™' its acceleration is
0.33 ms2. Find the values of P and R. [6]
Answer. 27.2; 825 43/J13/3
16 A car of mass 1250 kg travels from the bottom to the top of a straight hill of length 600 m, which is
inclined at an angle of 2.5° to the horizontal. The resistance to motion of the car is constant and equal
to 400 N. The work done by the driving force is 450 kJ. The speed of the car at the bottom of the hill
is 30 ms~'. Find the speed of the car at the top of the hill. [3]
Answer: 26.7 41/]13/2
17 A train of mass 400000kg is moving on a straight horizontal track. The power of the engine is
constant and equal to 1500 kW and the resistance to the train’s motion is 30000 N. Find
(i) the acceleration of the train when its speed is 37.5m s, [4]
(ii) the steady speed at which the train can move. [2]
Answer: i) 0.025 ii) 50 41/]13/4
18 A — ) —_— D
T
25m
1.8m
r —_—
B

ABCD is a semi-circular cross-section, in a vertical plane, of the inner surface of half a hollow cylinder
of radius 2.5 m which is fixed with its axis horizontal. A7) is horizontal, B is the lowest point of the
cross-section and C is at a height of 1.8 m above the level of B (see diagram). A particle P of mass
0.8 kg is released from rest at A and comes to instantaneous rest at C.

{i) Find the work done on P by the resistance to motion while P travels from A to C. [2]

The work done on F by the resistance to motion while P travels from A to B is 0.6 times the work
dene while P travels from A to C.

(ii) Find the speed of P when it passes through B. [3]

Answers: (i) 5.6J; (i) 645ms™. 43/N12/1
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An object of mass 12 kg slides down a line of greatest slope of a smooth plane inclined at 10° to the
horizontal. The object passes through points A and B with speeds 3ms™' and 7ms™" respectively.

(i) Find the increase in kinetic energy of the object as it moves from A to B. [2]
(ii) Hence find the distance AR, assuming there is no resisting force acting on the object. 31

The object is now pushed up the plane from B to A, with constant speed, by a horizontal force.

(iii) Find the magnitude of this force. [3]
Answers. (i) 240J; (i) 115m; (i) 212 N. 43/N12/5
20 C
Bms
L
-y 5"
The diagram shows the vertical cross-section ABCD of a surface. BC is a circular arc, and AR and
CD are tangents to BC at B and C respectively. A and IJ are at the same horizontal level, and B and
C are at heights 2.7 m and 3.0 m respectively above the level of A and I). A particle P of mass 0.2kg
is given a velocity of 8ms™' at A, in the direction of AR (see diagram). The parts of the surface
containing A8 and BC are smooth.
(i) Find the decrease in the speed of P as P moves along the surface from B to C. [4]
The part of the surface containing I} exerts a constant frictional force on P, as it moves from € to
D, and P comes to rest as it reaches ).
(ii) Find the speed of P when it is at the mid-point of CD. [5]
Answers: (i} 116 ms™"; (i} 1.41 ms™. 41/N12/6
21

A car of mass 1200 kg moves in a straight line along horizontal ground. The resistance to motion of
the car is constant and has magnitude 960 N. The car’s engine works at a rate of 17 280 W.

(i) Calculate the acceleration of the car at an instant when its speed is 12m sl [3]

The car passes through the points A and B. While the car is moving between A and B it has constant
speed Vmsl.

(ii) Show that V = 18. [2]
At the instant that the car reaches B the engine is switched off and subsequently provides no energy.
The car continues along the straight line until it comes to rest at the point C. The time taken for the

car to travel from A to C 1s 52.5s.

(iii) Find the distance AC. [5]

Answers: (i} 0.4 ms™ (i) 742.5m. 41/N12/7
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05ms’

A ring is threaded on a fixed hoerizontal bar. The ring is attached to one end of a light inextensible
string which is used to pull the ring along the bar at a constant speed of 0.5ms™'. The string makes
a constant angle of 24° with the bar and the tension in the string is 6 N (see diagram). Find the work
done by the tension in a period of 8s. [3]

Answer. 21.9 ) 43/]12/1

23 A car of mass 1230kg increases its speed from 4ms™' to 21ms~! in 24.5s. The table below shows

corresponding values of time ¢ s and speed vms~..

f 0 0.5 | 163 | 245
v 4 6 19 21

(i) Using the values in the table, find the average acceleration of the car for 0 < ¢ <« 0.5 and for
163 < < 24.5. 2]

While the car is increasing its speed the power output of its engine is constant and equal to P'W, and
the resistance to the car’s motion is constant and equal to & N.

(ii) Assuming that the values obtained in part (i) are approximately equal to the accelerafionsat v= 175
and at v = 20, find approximations for P and K. [5]

Answers. P=30800W  R=1240 N 43/]12/4

24 A lorry of mass 16 000 kg moves on a straight hill inclined at angle &° to the horizontal. The length
of the hill is 500 m.

(i) While the lorry moves from the bottom to the top of the hill at constant speed, the resisting force
acting on the lorry is 800N and the work done by the driving force is 2800 kJ. Find the value
of o. [4]

(ii) On the return journey the speed of the lorry is 20ms~! at the top of the hill. While the lorry
travels down the hill, the work done by the driving force is 2400 kJ and the work done against
the resistance to motion is 800 kJ. Find the speed of the lorry at the bottom of the hill. [4]

Answers. Ma=17 (i) ¥ =30 ms™ 43/]12/5

25 A car of mass 880 kg travels along a straight horizontal road with its engine working at a constant
rate of PW. The resistance to motion is 700 N. At an instant when the car’s speed is 16 ms™ its
acceleration is 0.625 ms~2. Find the value of P. [4]

Answer. 20 000'W 41/]12/1
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125ms™

20m

A load of mass 160 kg is pulled vertically upwards, from rest at a fixed point O on the ground, using
a winding drum. The load passes through a point A, 20m above Q, with a speed of 1.25ms™! (see
diagram). Find, for the motion from O toc A,

(i) the gain in the potential energy of the load, [1]

(ii) the gain in the kinetic energy of the load. [2]
The power output of the winding drum is constant while the load is in motion.

(iii) Given that the work done against the resistance to motion from O to A is 20 kJ and that the time
taken for the load to travel from O to A is 41.7 s, find the power output of the winding drum. [3]

Answers. (i)32000J (i) 1250 (i) 1250 W 41/]12/3

27

O

10 m

The diagram shows the vertical cross-section AR of a slide. The straight line AR is tangential to
the curve OA at A. The line AB is inclined at & to the horizontal, where sin & = 0.28. The point O is
10 m higher than B, and AFB has length 10 m (see diagram). The part of the slide containing the curve
A is smooth and the part containing AR is rough. A particle P of mass 2 kg is released from rest at
O and moves down the slide.

(i) Find the speed of P when it passes through A. [3]

The coefficient of friction between P and the part of the slide containing AR is ﬁ Find

(ii) the acceleration of P when it is moving from A to B, [3]
(iii) the speed of P when it reaches B. [2]
Answers: (i) 12ms” (i) 2ms= (i) 13.6 ms" 41/]12/5
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4m

C 3m B

ABC is a vertical cross-section of a surface. The part of the surface containing AR is smooth and A
is 4 m higher than B. The part of the surface containing BC is horizontal and the distance BC is 5m
(see diagram). A particle of mass 0.8 kg is released from rest at A and slides along ABC. Find the
speed of the particle at C in each of the following cases.

(i) The horizontal part of the surface is smooth. [3]

(ii) The coefficient of friction between the particle and the horizontal part of the surface is 0.3, [3]

Answers. (i) 8.94 ms™; (i) 7.07 ms™ 43/N11/4

29

A car of mass 600kg travels along a straight horizontal road starting from a point A. The resistance
to motion of the car is 750 N.

(i) The car travels from A to B at constant speed in 100s. The power supplied by the car’s engine
is constant and equal to 30kW. Find the distance ARB. [3]

(ii) The car’s engine is switched off at B and the car’s speed decreases until the car reaches C with a
speed of 20ms~!. Find the distance BC. [3]

(iii) The car’s engine is switched on at C and the power it supplies is constant and equal to 30 kW,
The car takes 14 s to travel from C to D and reaches D with a speed of 30 ms™'. Find the distance
CD. [4]

Answers: (1) 4000 m; (i) 420 m; {iii)} 360 m 43/N11/7

30

One end of a light inextensible string is attached to a block. The string is used to pull the block along
a horizontal surface with a speed of 2ms~!. The string makes an angle of 20° with the horizontal and
the tension in the string is 25 N. Find the work done by the tension in a period of 8 seconds. [3]

Answer. 376 J 41/N11/1

31

B

I

|

I45 m
|

I

C

AR and BC are straight roads inclined at 5° to the horizontal and 1° to the horizontal respectively.
A and C are at the same horizontal level and B is 45 m above the level of A and C (see diagram, which
is not to scale}. A car of mass 1200 kg travels from A to C passing through B.
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(i) For the motion from A to B, the speed of the car is constant and the work done against the
resistance to motion is 360 kJ. Find the work done by the car’s engine from A to B. [3]

The resistance to motion is constant throughout the whole journey.

(ii) For the motion from B to C the work done by the driving force is 1660 kJ. Given that the speed
of the car at B is 15ms™, show that its speed at C is 20.9 ms™', correct to 3 significant figures.

[4]

(iii) The car’s driving force immediately after leaving B is 1.5 times the driving force immediately
before reaching C. Find, correct to 2 significant figures, the ratio of the power developed by the
car’s engine immediately after leaving B to the power developed immediately before reaching C.

[3]

Answers. (i) Work done s 900 000 J or 900 kJ; {iil) Ratio is 0.75 41/N11/6

32 A block is pulled for a distance of 50 m along a herizontal floor, by a rope that is inclined at an angle
of a° to the floor. The tension in the rope is 180N and the work done by the tension is 8200 1. Find
the value of «. [3]
Answer. 243, 43/]11/1

33 A car of mass 1250kg is travelling along a straight horizontal road with its engine working at a
constant rate of PW. The resistance to the car’s motion is constant and equal to RN. When the
speed of the car is 19 ms™' its acceleration is 0.6 ms 2, and when the speed of the car is 30ms™" its
acceleration is 0.16 ms2. Find the values of P and R. [6]
Answers. 28500; 750 43/]11/2

34

*0 nms"/ P

32m

A particle P is projected from the top of a smooth ramp with speed # ms™', and travels down a line of
greatest slope. The ramp has length 6.4 m and is inclined at 30° to the horizontal. Another particle O
is released from rest at a point 3.2 m vertically above the bottom of the ramp, at the same instant that
P is projected (see diagram}. Given that P and { reach the bottom of the ramp simultaneously, find

(i) the value of u, [4]
(ii) the speed with which P reaches the bottom of the ramp. [2]
Answers. (i) 6; (i) 10 ms™". 43/]11/3
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35 A lorry of mass 15000kg climbs a hill of length 500 m at a constant speed. The hill is inclined at
2.5° to the horizontal. The resistance to the lorry’s motion is constant and equal to 800 N.

(i) Find the work done by the lorry’s driving force. [4]

On its return journey the lorry reaches the top of the hill with speed 20ms~! and continues down the
hill with a constant driving force of 2000 N. The resistance to the lorry’s motion is again constant and
aqual to 800 N.

(ii) Find the speed of the lorry when it reaches the bottom of the hill. [5]

Answers: (i) 3 670000J; (i) 303 ms™ 43/]11/6

36 A carof mass 700 kg is travelling along a straight horizontal road. The resistance to motion is constant
and equal to 600 N.

(i) Find the driving force of the car’s engine at an instant when the acceleration is 2 m 572, [2]

(ii) Given that the car’s speed at this instant is 15m 5!, find the rate at which the car’s engine is
working. [2]

Answers. (i) 2000 N; (i) 30 000 W {or 30 KW). 41/]11/1

37 A load of mass 12530kg is raised by a crane from rest on horizontal ground, to rest at a height of
1.54 m above the ground. The work done against the resistance to motion is 5750 .

(i) Find the work done by the crane. [3]

(ii) Assuming the power output of the crane is constant and equal to 1.25 kW, find the time taken to

raise the load. [2]
Answers: (i) 25 000 J {or 25 kJ); (ii) 20 5. 41/J11/2

38 Loads A and B, of masses 1.2 kg and 2.0 kg respectively, are attached to the ends of a light inextensible
string which passes over a fixed smooth pulley. A is held at rest and B hangs freely, with both straight
parts of the string vertical. A is released and starts to move upwards. It does not reach the pulley in
the subsequent motion.

(i) Find the acceleration of A and the tension in the string. [4]

(ii) Find, for the first 1.5 metres of A’s motion,
{a} A’s gain in potential energy,
(b} the work done on A by the tension in the string,
{c} A’s gain in kinetic energy.

[3]

B hits the floor 1.6 seconds after A is released. B comes to rest without rebounding and the string
becemes slack.

(iii) Find the time from the instant the string becomes slack until it becomes taut again. [4]

Answers. {i) 25 ms™ 15 N; {ii){a) 18J, (b) 225, {c) 45J; (iii)0.8s. 41/J11/7
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1.Em
L B C
The diagram shows the vertical cross-section ABC of a fixed surface. AB is a curve and BC is a
horizontal straight line. The part of the surface containing A8 is smooth and the part containing BC
is rough. A is at a height of 1.8 m above BC. A particle of mass 0.5 kg is released from rest at A and
travels along the surface to C.
(i) Find the speed of the particle at B. [2]
(ii) Given that the particle reaches C with a speed of 5 ms™', find the work done against the resistance
to motion as the particle moves from B to C. [2]
Answers: (i) 6 ms™ (i) 2.75 ). 43/N10/2
40 A car of mass 1250kg travels along a horizontal straight road. The power of the car’s engine is
constant and equal to 24 kW and the resistance to the car’s motion is constant and equal to & N. The
car passes through the point A on the road with speed 20ms™~! and acceleration 0.32m 5.
(i) Find the value of R. [3]
The car continues with increasing speed, passing through the point B on the road with speed 29.9ms™".
The car subsequently passes through the point C.
(ii) Find the acceleration of the car at B, giving the answer in m s correct to 3 decimal places. [2]
(iii) Show that, while the car’s speed is increasing, it cannot reach 30 m s [2]
(iv) Explain why the speed of the car is approximately constant between B and C. [1]
(v) State a value of the approximately constant speed, and the maximum possible error in this value
at any point between B and C. [1]
The work done by the car’s engine during the motion from B to C is 1200 kJ.
(vi) By assuming the speed of the car is constant from B to C, find, in either order,
(n} the approximate time taken for the car to travel from B to C,
{b} an approximation for the distance BC.
[4]
Answers. (i} 800; {ii) 0.002ms™; (v) 30 ms™", 0.1 ms™; (vi){a) 50s, {b) 1500m.  43/N10/7
41 A car of mass 600 kg travels along a horizontal straight road, with its engine working at a rate of

40 kW. The resistance to motion of the car is constant and equal to 800 N. The car passes through the
point A on the road with speed 25ms™. The car’s acceleration at the point B on the road is half its
acceleration at A. Find the speed of the car at B. [5]

Answer: 33.3 41/N10/2
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A particle of mass 0.8 kg slides down a rough inclined plane along a line of greatest slope AB. The
distance AB is 8 m. The particle starts at A with speed 3 ms~! and moves with constant acceleration
2.5ms2,

(i) Find the speed of the particle at the instant it reaches B. [2]

(ii) Given that the work done against the frictional force as the particle moves from A to Bis 71, find
the angle of inclination of the plane. [4]

When the particle is at the point X its speed is the same as the average speed for the motion from A
to B.

(iii) Find the work done by the frictional force for the particle’s motion from A to X. [3]

Answer: i) 7 ii) 21.1 degrees iii) 2.8 41/N10/5

43
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A smooth slide AB is fixed so that its highest point A is 3 m above horizontal ground. B is im above
the ground. A particle P of mass 0.2 kg is released from rest at a point on the slide. The particle
moves down the slide and, after passing B, continues moving until it hits the ground (see diagram).
The speed of P at B is v, and the speed at which P hits the ground is v.

(i) Inthe case that P is released at A, it is given that the kinetic energy of P at B is 1.6]. Find
{n} the value of 1, [3]
(b} the kinetic energy of the particle immediately before it reaches the ground, [1]

(c} theratiow;: vg. [2]

(ii) In the case that P is released at the point X of the slide, which is A m above the ground (see
diagram), it is given that v : v, = 2.55. Find the value of H correct to 2 significant figures. [3]

Answer:i)a) 2.2b) 6 ¢) 1.941i) 2.6 41/N10/6

44

A load is pulled along a horizontal straight track, from A to B, by a force of magnitude PN which
acts at an angle of 30” upwards from the horizontal. The distance AB is 80 m. The speed of the load

is constant and equal to 1.2ms™! as it moves from A to the mid-point M of AB.

(i) For the motion from A to M the value of P is 25. Calculate the work done by the force as the
load moves from A to M. [2]

The speed of the load increases from 1.2ms™' as it moves from M towards B. For the motion from
M to B the value of P is 50 and the work done against resistance is the same as that for the motion
from A to M. The mass of the load is 35 kg.
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(ii) Find the gain in kinetic energy of the load as it moves from M to B and hence find the speed with
which it reaches B. [5]

Answers: (i} 866 J; (i) 866 J, 714 ms™". 43/]10/3

45 A car of mass 1150 kg travels up a straight hill inclined at 1.2° to the horizontal. The resistance to
motion of the car is 975 N. Find the acceleration of the car at an instant when it is moving with speed
16 ms™! and the engine is working at a power of 35 kW. [4]

Answer: 0.845 41/]10/1

46  Pand Q are fixed points on a line of greatest slope of an inclined plane. The point Q is at a height of
0.45 m above the level of P. A particle of mass 0.3 kg moves upwards along the line PQ.

(i) Given that the plane is smooth and that the particle just reaches {2, find the speed with which it
passes through P. 31

(ii) Itis given instead that the plane is rough. The particle passes through P with the same speed
as that found in part (i), and just reaches a point R which is between P and (). The work done
against the frictional force in moving from P to R is 0.39 ). Find the potential energy gained by
the particle in moving from P to R and hence find the height of R above the level of P. [4]

Answer: i) 31ii) 0.32 41/]10/5

47 A box of mass 25 kg is pulled, at a constant speed, a distance of 36 m up a rough plane inclined at an
angle of 20° to the horizontal. The box moves up a line of greatest slope against a constant frictional
force of 40 N. The force pulling the box is parallel to the line of greatest slope. Find

(i) the work done against friction, [1]
(ii} the change in gravitational potential energy of the box, [2]
(iii} the work done by the pulling force. 2]
Answers: Work done against friction = 1440 J Answer: Change in GPE = 3080J  ]J16/41/Q2
Answer: Work done by the pulling foree is 45204
48 A car of mass 1000 kg is moving along a straight horizontal road against resistances of total magnitude
300N.
(i) Find, in kW, the rate at which the engine of the car is working when the car has a constant speed
of 40ms L. [3]
(ii) Find the acceleration of the car when its speed is 25ms™! and the engine is working at 90% of
the power found in part (i). [3]
Answer: Bate at which the engine is working is 12 KW J16/41/Q3

Answer The acceleration of the ear is 0132 me™2
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49 A particle of mass 30 kg is on a plane inclined at an angle of 20° to the horizontal. Starting from rest,
the particle is pulled up the plane by a force of magnitude 200N acting parallel to a line of greatest
slope.

(i) Given that the plane is smooth, find
(a) the acceleration of the particle, [2]

() the change in kinetic energy after the particle has moved 12 m up the plane. [2]

(ii) It is given instead that the plane is rough and the coefficient of friction between the particle and
the plane is 0.12.

(a) Find the acceleration of the particle. [4]

() The direction of the force of magnitude 200 N is changed, and the force now acts at an angle
of 10° above the line of greatest slope. Find the acceleration of the particle. [4]

Answer: Acceleration of the particle = 3.25 ms™ J16/41/Q7
Answer: Change in kinetic energy = 1170

Answer: The acceleration of the particle is 2.12 ms™

Answer: The acceleration of the particle is 2.16 ms™

50 A particle of mass 8 kg is pulled at a constant speed a distance of 20 m up a rough plane inclined at an
angle of 30° to the horizontal by a force acting along a line of greatest slope.
(i} Find the change in gravitational potential energy of the particle. 2]
(ii} The total work done against gravity and friction is 1146 J. Find the frictional force acting on the
particle. [2]
Answer: 800J 173N J16/43/Q1
51 The motion of a car of mass 1400 kg is resisted by a constant force of magnitude 630 N.
(i} Find the constant speed of the car on a horizontal road, assuming that the engine works at a rate
of 20 kKW. [2]
(ii) The car is travelling at a constant speed of 10ms~! up a hill inclined at an angle of 8 to the
horizontal, where sin 8 = ?1 Find the power of the car’s engine. 31
(iii) The car descends the same hill with the engine working at 80% of the power found in part (ii).
Find the acceleration of the car at an instant when the speed is 20m sL 3]
Answer: 20.8ms™' 26500W 1.72ms J16/43/Q5
52 A particle of mass 0.6 kg is dropped from a height of 8 m above the ground. The speed of the particle
at the instant before hitting the ground is 10m s~!. Find the work done against air resistance. [3]
Answers: Work done against air resistance is 184 J17/41/Q1
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53 A car of mass 800 kg is moving up a hill inclined at 8° to the horizontal, where sin8 = 0.15. The
initial speed of the car is 8ms~!. Twelve seconds later the car has travelled 120 m up the hill and has
speed 14m s7!.

(i) Find the change in the kinetic energy and the change in gravitational potential energy of the car.

[3]

(i) The engine of the car is working at a constant rate of 32 kW. Find the total work done against the
resistive forces during the twelve seconds. [3]

Answers. (i) Change in kinetic energy = 52800 J Change in gravitational potential energy = 144 000 J ]17/4_ 1/Q4
{iiy The total work done against the resistive forces during the 12 seconds is 187 200 .J (187 000
to three significant figures)

54 A car of mass 1200 kg is travelling along a horizontal road.

(1) Itis given that there is a constant resistance to motion.

(a) The engine of the car is working at 16 KW while the car is travelling at a constant speed of
40 ms~!. Find the resistance to motion. 2]

(b) The power is now increased to 22.5kW. Find the acceleration of the car at the instant it is
travelling at a speed of 45 ms™ L. [3]

(ii) It is given instead that the resistance to motion of the car is (590 + 2v) N when the speed of the
car is vms~'. The car travels at a constant speed with the engine working at 16 kW. Find this
speed. [3]

Answers:(i){a) 400N (b) 0.0833ms? (i) 25 ms™ J17/43/Q6

55 A car has mass 1250kg.

(i) The car is moving along a straight level road at a constant speed of 36 ms™! and is subject to a
constant resistance of magnitude 850 N. Find, in kW, the rate at which the engine of the car is
working. [2]

(ii) The car travels at a constant speed up a hill and is subject to the same resistance as in part (i). The
hill is inclined at an angle of 0° to the horizontal, where sin 8° = 0.1, and the engine is working
at 63 kW. Find the speed of the car. [3]

(ifi) The car descends the same hill with the engine of the car working at a constant rate of 20 kW.
The resistance is not constant. The initial speed of the car is 20ms~'. Eight seconds later the
car has speed 24 ms~! and has moved 176 m down the hill. Use an energy method to find the
total work done against the resistance during the eight seconds. [5]

Answers: (i} The rate at which the engine of the car iz working is 30.6 KW (i} The speed of the caris 30 ms " ]18/41/Q6
{iii) The work done against the resistance is 270000 J
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56

A car of mass 1400 kg travelling at a speed of v ms™! experiences a resistive force of magnitude 40v N.

The greatest possible constant speed of the car along a straight level road is 56 ms™.

(i) Find, in kW, the greatest possible power of the car’s engine. [2]

(ii) Find the greatest possible acceleration of the car at an instant when its speed on a straight level
g p P £
road is 32ms L. [3]

(iii) The car travels down a hill inclined at an angle of 8° to the horizontal at a constant speed of

50 ms~!. The power of the car’s engine is 60 kW. Find the value of 6. [4]
Answers: (i) 125kW (i) 1.89ms™> (iii) 3.3 J18/43/Q6
57 v(ms™
A
V
]
0o 10 30 40 70 g 1O

The diagram shows a velocity-time graph which models the motion of a cyclist. The graph consists
of five straight line segments. The cyclist accelerates from rest to a speed of 5m s ! overa period of
10s, and then travels at this speed for a further 20s. The cyclist then descends a hill, accelerating
to speed V ms~! over a period of 10s. This speed is maintained for a further 30s. The cyclist then
decelerates to rest over a period of 20 s.

(i) Find the acceleration of the cyclist during the first 10 seconds. [1]

(ii) Show that the total distance travelled by the cyclist in the 90 seconds of motion may be expressed
as (45V + 150) m. Hence find V, given that the total distance travelled by the cyclist is 465 m.

(3]

(iii} The combined mass of the cyclist and the bicycle is 80kg. The cyclist experiences a constant
resistance to motion of 20 N. Use an energy method to find the vertical distance which the cyclist
descends during the downhill section from # = 30 to f = 40, assuming that the cyclist does no
work during this time. [4]

Answer The acceleration of the eyclist over the first ten seconds is 0.5 ma™ N16/41/Q5

Answer V=7 answer The vertical distance which the cyclist descends is 2.7 m
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58 A block of mass 25 kg is pulled along horizontal ground by a force of magnitude 50 N inclined at 10°
above the horizontal. The block starts from rest and travels a distance of 20m. There is a constant
resistance force of magnitude 30 N opposing motion.

(i) Find the work done by the pulling force. 2]

(ii) Use an energy method to find the speed of the block when it has moved a distance of 20m. [2]

(iii) Find the greatest power exerted by the 50 N force. [2]

50N

After the block has travelled the 20 m, it comes to a plane inclined at 5° to the horizontal. The force
of 50N is now inclined at an angle of 10° to the plane and pulls the block directly up the plane (see
diagram). The resistance force remains 30 N.

{iv) Find the time it takes for the block to come to rest from the instant when it reaches the foot of
the inclined plane. [4]

Answer. Work done by the pulling force is 985 N16/41/Q6

Answer. The speed of the block after it has moved 20m iz 555ms™"
Answer. The greatest power exerted by the S0 M force is 273W

Answer. =54 4 seconds

59 A crane is used to raise a block of mass 50 kg vertically upwards at constant speed through a height
of 3.5 m. There is a constant resistance to motion of 25 N.

(1) Find the work done by the crane. [3]
(ii) Given that the time taken to raise the block is 2 s, find the power of the crane. [2]
Answer: Work done by the crans is 18404 Answer Power of the crane is 919W N16/43/Q1
60 A cyclist is cycling with constant power of 160 W along a horizontal straight road. There is a constant
resistance to motion of 20 N. At an instant when the cyclist’s speed is 5ms™!, his acceleration is
0.15ms2.
(1) Show that the total mass of the cyclist and bicycle is 80 kg. [3]

The cyclist comes to a hill inclined at 2° to the horizontal. When the cyclist starts climbing the hill,
he increases his power to a constant 300 W. The resistance to motion remains 20 N.

(ii) Show that the steady speed up the hill which the cyclist can maintain when working at this power
is 6.26 ms™!, correct to 3 significant figures. [2]

(ili) Find the acceleration at an instant when the cyclist is travelling at 90% of the speed in part (if).

[4]
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Answer. Total mass of cyclist and bicycle is Bkg N16/43/Q6

Answer. Acceleration of the eyelist iz 0.0666 mea

61 A tractor of mass 3700 kg is travelling along a straight horizontal road at a constant speed of 12ms™".
= E=2 f=4 f=) p
The total resistance to motion is 1150 N.
(i) Find the power output of the tractor’s engine. [1]
The tractor comes to a hill inclined at 4° above the horizontal. The power output is increased to 25 kW
and the resistance to motion is unchanged.
(ii) Find the deceleration of the tractor at the instant it begins to climb the hill. [3]
(ifi) Find the constant speed that the tractor could maintain on the hill when working at this power.
[2]
N17/41/Q2
62 A roller-coaster car (including passengers) has a mass of 840kg. The roller-coaster ride includes a
section where the car climbs a straight ramp of length 8 m inclined at 30° above the horizontal. The
car then immediately descends another ramp of length 10 m inclined at 20° below the horizontal. The
resistance to motion acting on the car is 640 N throughout the motion.
(i) Find the total work done against the resistance force as the car ascends the first ramp and descends
the second ramp. [2]
(ii) The speed of the car at the bottom of the first ramp is 14 ms™!. Use an energy method to find the
speed of the car when it reaches the bottom of the second ramp. [4]
Answer: The total work done against the resistance foree is 11520 N17/41/Q3
Answer: The speed at the botiom of the second ramp is 12.5 ms™ (o 3sf)
63

A lorry of mass 7850 kg travels on a straight hill which is inclined at an angle of 3° to the horizontal.
There is a constant resistance to motion of 1480 N.

(i) Find the power of the lorry’s engine when the lorry is going up the hill at a constant speed of

10ms . [3]

(ii} Find the power of the lorry’s engine at an instant when the lorry is going down the hill at a speed

of 15ms~! with an acceleration of 0.8 ms2. [3]
Answers: (i} 55900W (i) 54 800W N17/43/Q2
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64 A high-speed train of mass 490000 kg is moving along a straight horizontal track at a constant speed
of 85 ms~!. The engines are supplying 4080 kW of power.

(i) Show that the resistance force is 48 000 N. [1]
(ii) The train comes to a hill inclined at an angle 8° above the horizontal, where sin8° = j!.ﬁ Given

that the resistance force is unchanged, find the power required for the train to keep moving at the
same constant speed of 85 m g1 [31]

Answers: (i} 48000 N {Answer given) (i} 6.16 MW {to 3sf) N18/41/Q2

65 A van of mass 2500kg descends a hill of length 0.4 ki inclined at 4° to the horizontal. There is a
constant resistance to motion of 600 N and the speed of the van increases from 20 m s to30ms! as

it descends the hill. Find the work done by the van’s engine as it descends the hill. [5]

Answer. 167000 J N18/41/Q3

66 A particle of mass 1.2kg moves in a straight line AB. It is projected with speed 7.5 ms™' from A
towards B and experiences a resistance force. The work done against this resistance force in moving

fromAtoBis25].

(i) Given that AB is horizontal, find the speed of the particle at B. 2]

(i) Ttis given instead that AB is inclined at 30° below the horizontal and that the speed of the particle
at Bis 9ms™'. The work done against the resistance force remains the same. Find the distance

AB. [3]
Answer: 3.82ms™ Answer 6.64m N18/43/Q3
67 A van of mass 3200 kg travels along a horizontal road. The power of the van’s engine is constant and

equal to 36 kW, and there is a constant resistance to motion acting on the van.

(i) When the speed of the van is 20 m s71, its acceleration is 0.2 m s 2. Find the resistance force.

[3]

When the van is travelling at 30 ms™!, it begins to ascend a hill inclined at 1.5° to the horizontal. The
power is increased and the resistance force is still equal to the value found in part (i).

(ii) Find the power required to maintain this speed of 30 m s7L. [3]

(iii) The engine is now stopped, with the van still travelling at 30 ms™!, and the van decelerates to
rest. Find the distance the van moves up the hill from the point at which the engine is stopped
until it comes to rest. [4]

N18/43/Q6

Answer: 1160 N Answer: 59900 W Answer: 721m
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68

A cyclist and his bicycle have a total mass of 90 kg. The cyclist starts to move with speed 3ms™
from the top of a straight hill, of length 500 m, which is inclined at an angle of sin~! 0.05 to the
horizontal. The cyclist moves with constant acceleration until he reaches the bottom of the hill with
speed 5ms~'. The cyclist generates 420 W of power while moving down the hill. The resistance to
the motion of the cyclist and his bicycle, R N, and the cyclist’s speed, vm s7!, both vary.

(i) Show thatR= @ + 43.56. [3]

(ii) Find the cyclist’s speed at the mid-point of the hill. Hence find the decrease in the value of R
when the cyclist moves from the top of the hill to the mid-point of the hill, and when the cyclist
moves from the mid-point of the hill to the bottom of the hill. [3]

Answer: (i) 412 ms ' 381 17.9 N15/43/Q5

69

A straight hill AB has length 400 m with A at the top and B at the bottom and is inclined at an angle
of 4° to the horizontal. A straight horizontal road BC has length 750 m. A car of mass 1250kg has a
speed of 5ms~' at A when starting to move down the hill. While moving down the hill the resistance
to the motion of the car is 2000 N and the driving force is constant. The speed of the car on reaching

Bis8ms .
(i} By using work and energy, find the driving force of the car. [5]

On reaching B the car moves along the road BC. The driving force is constant and twice that when
the car was on the hill. The resistance to the motion of the car continues to be 2000 N. Find

(ii) the acceleration of the car while moving from B to C, [3]

(iii) the power of the car’s engine as the car reaches C. [3]

Answer: (i) 1190 N {ii) 0.302 ms™ (jii} 54100 W N15/43/Q7

70

A weightlifter performs an exercise in which he raises a mass of 200 kg from rest vertically through
a distance of 0.7 m and holds it at that height.

(i) Find the work done by the weightlifter. [2]

(ii) Given that the time taken to raise the mass is 1.2s, find the average power developed by the
weightlifter. [2]

Answer. Work done by the weightlifter = 1400 J N15/41/Q1
Answer Average Power developed by the weightlifter = 1170 W

71

A lorry of mass 24 000 kg is travelling up a hill which is inclined at 3° to the horizontal. The power
developed by the lorry’s engine is constant, and there is a constant resistance to motion of 3200 N.

(i) When the speed of the lorry is 25 ms™, its acceleration is 0.2 ms 2. Find the power developed
by the lorry’s engine. [4]

(ii) Find the steady speed at which the lorry moves up the hill if the power is 500kW and the
resistance remains 3200 N. [2]

Answer: Power developed by the lorny's engine is 514 kKW N15/41/Q3
Answer: Steady speed of the lorry up the hill is 31.7 ms™'
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MOMENTUM

We know that a force is needed to change the velecity of an object. The force required to change

the objects velocity is dependent on the mass of the object. The precise relationship between force,
mass and velocity can be established by combining Newton's second law with one of the equations of
motion for constant acceleration.

Using Newton's second law;, F = ma, and the equation of motion v = 1 + af gives

F:m[v_”)
F

and hence
MNota: The quantity St Is called the

‘impulse’ of the force. For the purposes
of the examination, knowledge and
understanding of impulae is nat required.

FE=mv—mu

The right-hand side of the above equation is mv — sz, which is the change in the value of
(mass x velocity). This product of the mass and the velocity of a body is called its momentum.

momentum = my

Since momentum is a scalar multiple of velocity, which is
a vector, then it follows that momentum is also a vector.
The units used for momentum are those of Fr, that is,
newton seconds {N s).

Note: You need to consid er only motion in one
dimension, that is, in a straight line.

EXAMPLE 1
particle of mass 4 kg has an initial velocity of 5ms™. Find
} the momentum of the particle
) the magnitude of the change in momentum if the velocity of the particle increases to 12ms™.

EXAMPLE 2

A particle of mass 2.5 kg has an initial velocity of 3ms™. Find the magnitude of the change in
momentum of the particle if

a) the final speed of the particle is Sm s with the direction of motien unchanged

b) the final speed of the particle is Sm s~ with the direction of motion reversed.
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COLLISIONS

When two bodies are in contact, according to Newton’s third
law they exert equal and opposite forces {Fand -F) on each
other, Whether the bodies are in contact for a long or a short
time the time that each is in contact with the other {f) iz the
same. Hence, if no external forces act on the bodies the
change in momentum of each must be equal and opposite.
{Remember from Section 9.1 that Ff = myv — was)

Mote: Two bodies in cantact can be said o exert
equal and opposite impulses on each other.

mﬁuh + mHuB = m.—'l.v.‘l + vaB

This equation states that

total momentum before impact = total momentum after impact

This result is known as the principle of conservation of linear momentum. It applies for all
collisions, provided no external force acts.

EXAMPLE 3

A particle of mass 2kg travels at a speed of 5ms™'. It collides with a stationary particle of mass
8kg After the impact the 2kg mass has a speed of 3m s and its direction of motion is reversed.
Find the speed of the & kg mass after the impact.

EXAMPLE 4

Two particles, A and B, of masses 2 kg and 3 kg, respectively, are moving towards each other
in the same straight line with speeds #ms™ and 2u ms, respectively. The two particles collide and
coalesce. They continue to mowe in the initial direction of B before the impact, at a speed

of 4ms*. Calculate u:. Note: 'coalesce’ means join together to form
qne ﬂbJe‘:t.

EXAMPLE 4

A lorry of mass 3 tonnes is moving at a censtant speed of 4 ms™ when it collides with another
lorry, of mass 5 torines, moving at a speed of 2m s in the same direction. The speed of the
5-tonne truck is increased to.5ms by the collision. Show that the speed of the 3-tonne lorry
is 1 ms'after the cellision and find its directien of metien.
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EXAM-STYLE QUESTIONS

ta

.

Two particles, P and Q, are projected towards ¢
each other on 2 smooth horizontal surface.
P has mass 0.6 kg and initial speed 2.8 ms™,
and Q has mass 0.Bkg and initial speed
1.2msL. After a collision between Pand

the speed of Pis 0.1 ms! and the direction of
its motion is reversed.

a) Calculate the change in momentum of P.

b} Find the speed and direction of motion
of Q after the collisicn.

Two particles of masses 50 g and 80 g are
moving towards each other on a smooth
horizontal surface. The initial speed of the
50 g mass is 3.9ms ' and that of the 80g
mass is 3.25ms™. The particles collide and
coalesce. Find the speed and direction of
motion of the combined particle.

Each of two wagons has an unloaded mass of
1500kg. One of the wagons carries a load of
mass 1 lig and the other wagon is unloaded.
The wagons are moving towards each other
on the same rails, each with a speed of 2ms™,
when they collide. Immediately after the
collision the loaded wagon is at rest and the
speed of the urloaded wagon is 3ms™. Find
the value of s

A spacecraft of mass 40000kg docks with a ;
space station of mass 160000kg, The spacecraft ;
is travelling at 202 ms™ immediately before
docking takes place and the space station is :
travelling at 200 m 5. The docking is modelled
by two particles moving in the same straight

line that collide and coalesce.

a) Calculate the exact speed of the
spacecraft and space station after the
docking.

asssnnnaaa
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b} Calculate the total loss in kinetic energy
during the docking.

. Two spheres, P and @, have masses (L4kg

and 0.3 kg, respectively. The spheres are
moving directly towards each other on

a smooth horizontal surface and collide.
Immediately before the collision, P has a
speed of 6 msand Q has a speed of 4m s
Immediately after the collision the spheres
move away from each othex, P at a speed of
vms~ and Q at a speed of (5 - vIms™.

Find the value of v

: EXAM-STHLE QUESTION
! 6.

A railway wagon A of mass 1200kg, moving
at a speed of 4ms~, collides with = railway
wagon B, which has mass 1800kg and

is moving towards A at a speed of 2Zms,
Immediately after the collision the speeds
of 4 and B are equal.

a} Given that the two wagons are moving
in the same direction after the collision,
find their commeon speed. Determine
which wagon has changed its direction

of motion.

b} Itisgiven instead that A and B are
moving with equal speeds in opposite
directions after the collision.

i) Calculate the speed of the wagons

after the collisicn.

if) Calculate the change in the
maomentum of A as a result of the
collision.
A toy car of mass 240 g collides directly with
a stationary toy lorry of mass 360g. The car’s

speed is reduced by 3m s, Find the speed of
the lorry after the collision.
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: EXAM-ETHLE QUESTIONS
t 8. Two particles, of masses 0.2kg and m kg,

R R R Y]

Py
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10.

il

are moving towards each other and collide
directly. Immediately before the collision the
0.2 kg particle has 2 speed of 4ms™ and the
mkg particle has a speed of 2ms™.

Given that both particles are brought to
rest by the collision, find the value of #1.
Given instead that after the collision
both particles move at a speed of 0.5ms™,
find all the possible values of m.

a)

b)

Two particles, A and B, of masses 2kg

and 1kg, respectively, are initially moving
towards each other on a smooth horizontal
surface. Initially, the speed of A is 3m s

and the speed of B is 1 ms™. The particles
collide. The direction of motion of A remains
unchanged and the direction of motion of B
is reversed. The loss of kinetic energy due to
the collision is 5.25]. Find the speeds of the
particles after the collision.

Three smooth spheres, P, Q and R, of equal
radii and of masses kg, 4kg and 6kg,
respectively, lie in that order in a straight
line on a smooth horizontal plane. Initially,
Q and R are at rest and P is moving towards
Q at a speed of 9m s, After colliding with
@, sphere P continues ta move in the same
direction but at a speed of 2ms™.

a) Find the speed of Q after this collision.
Sphere Q collides with sphere R. In this

collision these two spheres coalesce to form
an object 8.

b} Find the speed of S after this collision.

c) Show that the total loss of kinetic energy
in the system due to the two collisions is
131.25].

Two particles, A and B, are travelling in
the same direction at different but constant

speeds along a straight line when they

12.

13,

collide. Particle A has mass 1.5kg and speed
6 ms ", Particle B has mass 2.5kg and speed
2ms . The particles coalesce during the
collision. Find the speed of the combined
particle after the collision.

Two model cars, A and B, have masses

250 grams and m grams, respectively. The

cars move towards each other in a straight

line on a horizontal table, They collide

directly when the speed of A is 4ms!

and the speed of Bis 2ms. As a result

of the collision the speed of A is reduced

to 2ms'and it continues to move in the

same direction as before the collision. The

direction of B's motion is reversed and its

speed immediately after the collision is

3ms ", Find the value of m.

A particle P moves across a smooth

horizontal surface in a straight line. P has

mass 2kg and speed 6ms™', A particle @, of

mass 3 kg, is at rest on the surface. Particle P

collides with particle Q.

a} Given that after the collision, P is at rest
and Q moves away from P, find the speed
of 0,

b} Given instead that after the collision, P
and () move away from each other with
the same spead vm s, find v

14. Two particles, P and Q, have masses 1.2kg

[195]

and 0.4 kg, respectively. They are moving
towards each other on a horizontal surface
when they collide directly. Immediately
before the collision the speed of P is 2.5ms™
and the speed of Q is 1.5m 5. Immediately
after the collision, P and 3 move in the same
direction and the speed cf Q is three times
the speed of P.

a} Find the speed of P immediately after the
collision,

b} Find the change in mementum of P.
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15.

16,

17.

<) Find the total loss in kinetic energy due
to the collision.

Two railway coaches, A and B, of masses
800kg and m kg, respectively, are moving

in opposite directions towards each other
when they collide. Immediately before the
collision the speed of A is 5Sms™' and the
speed of B is 2.5 ms™. Immediately after

the collision the coaches join together and
move with the same speed of 0.5ms™. The
direction of motion of A is unchanged by the
collision.

a) Find the value of .
b) Find the change in momentum of B.

Particles A and B, with masses 0.5kg and

m kg, respectively, are moving on a smooth
horizontal table in oppuosite directions and
collide. Immediately before the collision

the speed of A is 4m s and the speed of B is
2ms . Due to the collision, A’s direction of
motien is reversed, and the momentum of 4
changes by 26N s,

a} Find the speed of A immediately after
the collision.

b) Given that the speed of B immediately
after the collision is 1 ms™, find the two
possible values of m.

Twa particles, P and Q, of masses 4m kg and
m kg, respectively, are moving towards each
other on a hotizontal surface, Immediately
before they cellide, P has aspeed of 2ms™
and Q has a speed of LL ms'. Immediately
after the impact the direction of motion of
both particles has been reversed and they are
both travelling with the same speed vms™,

a) Showthatv=1.

The change in momentum of A during the
collision is 18 N s.

hl Find the vraliie nf

18,

19,

[196]

2mg! 1mat fL25ms!

)

Three particles, P,  and R, have masses
1.6kg, 1.2kg and 1.4 kg, respectively. The
particles are moving in a straight line on a
smoocth horizontal table, with () between P
and &. The particle P is maving towards Q

at a speed of 2m s~ and the particles Q and R
are moving towards P at speeds of 1msand
0.25ms”, respectively.

a) P cellides with (3. As a result of this
collision the direction of motion of Q is
reversed and its speed remains Ims-'.
Find the speed of P after the collision.

b) Q collides with R.

i) Find the total momentom of ) and
R in the direction of (s motion
imnediately before the collision
takes place, and verity that the
direction of motion of B is reversed
as a result of this collision.

Given that Q) is brought to rest by
this collision, find the speed of R
immediately after this collision.

i)

Two particles, A and B, have masses

0.6kg and 0.2 kg, respectively. A and B are
simultaneously projected towards each other
in the same straight line on a horizontal
surface at speeds of Sms~*and Z2ms™,
respectively. Before A and B collide the only
horizantal force acting is friction, and each
particle decelerates at (.5 m 57 The particles
collide and coalesce 3s after projection.

a) Find the speed of each particle
immediately before the collision.

b) Find the speed of the combined particle
immediately after the collision.
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20. ABis a line of greatest slope, of length 6 m,
on a smooth plane inclined at 30° to the
horizental. Particles P and (), of masses
0.2 kg and 0.5kg, respectively, move along
AB, with P below Q. The particles are
moving upwards, P at a speed of 8m s

Fsarrival at A.

and Q at a speed of 2ms™', when they

Summary exercise 9 page 120
1. a] 1.74Ns
b} 0975 ms™'; dineclion soverscs

2. 0.5ms™, In the dicectlon of the 80g
niasx before the collislon

3. 2250
4. a)] 2004ms" by Sa000]
5 0419 (3sf)
& A10727ms ' {3 sL); Bchanges
ivection.
b} i Ems" ii} 1IED0ON=
7. Zmst
B a] D4 by 0.28, 0.5, 0,38

% A lsms', F2ms!
10.a) 8.75ms"! b} Z5ms!
11.3.5ms!t

L. 10

1L.a)dms"! bl 12

14.a} Tms"' by -1.86Ns ¢} 1.8]
15.a) 1200 bl 3600Ns

16.a) 1.éms' ) 0933or 2.8
17. a) Proof b) 15
1% a} 0.5ms’!
bl i) 085N s; proof i) D607 ms!
19.a) A:35ms; 205ms!
B 25ms!

20.a) Qdoesnoleach B k) 1.10s
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collide at a point 3m from B. Particle P is
instantaneously at rest after the collision.

a} Determine whether (Q reaches B in the
subsequent motion.

b} Find the time between the collisicn and



HOMEWORK: MOMENTUM PRACTICE QUESTIONS

1 Particle P has mass m kg and particle O has mass 3m kg. The particles are moving i opposite
directions along a smooth horizontal plane when they collide directly. Immediately before the
collision F has speed 4u ms ! and O has speed ku ms ', where k is a constant. As a result of the
collision the direction of motion of each particle 1s reversed and the speed of each particle 1s
halved.

(a) Find the value of £
4)

Ans:k=2 M1 Dynamics Q1
3

2 Two particles 4 and B have mass 0.4 kg and 0.3 kg respectively. They are moving in opposite
directions on a smooth horizontal table and collide directly. Immediately before the collision,
the speed of 4 1s 6 m s and the speed of B1s 2 m s'. As a result of the collision, the direction
of motion of B 1s reversed and its speed immediately after the collision 1s 3 m s”! Find

(a) the speed of 4 immediately after the collision, stating clearly whether the direction of

motion of 4 1s changed by the collision,
4

Ans:v=(+)2.25 ms! M1 Dynamics Q3

3 (a) Two particles 4 and B, of mass 3 kg and 2 kg respectively, are moving m the same
direction on a smooth horizontal table when they collide directly. Immediately before the

collision, the speed of 4 is 4 m s™! and the speed of Bis 1.5 m s™\. In the collision, the
particles jom to form a single particle C.

Find the speed of C immediately after the collision.
(3)

(b) Two particles P and @ have mass 3 kg and m kg respectively. They are moving towards
each other in opposite directions on a smooth horizontal table. Each particle has speed
4ms", when they collide directly. In this collision, the direction of motion of each
particle is reversed. The speed of P immediately after the collision is 2 m s and the
speed of @is 1 ms™. Find

(1)  the value of m,
(3)

Ans:a)v=3ms! b)m=3.6 M1 Dynamics Q4

4 Two small steel balls 4 and B have mass 0.6 kg and 0.2 kg respectively. They are moving
towards each other in opposite directions on a smooth horizontal table when they collide

directly. Immediately before the collision, the speed of 4 is 8 m s~ and the speed of B is 2 m

s 1. Immediately after the collision, the direction of motion of 4 1s unchanged and the speed of
B 1s twice the speed of 4. Find

(a) the speed of 4 mmediately after the collision,

Ans:v=4.4ms1 M1 Dynamics Q5
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A particle P of mass 1.5 kg 1s moving along a straight horizontal line with speed 3 m st
Another particle O of mass 2.5 kg 1s moving, in the opposite direction, along the same straight

line with speed 4 m s The particles collide. Immediately after the collision the direction of

motion of P 1s reversed and 1ts speed 1s 2.5 m st

(a) Calculate the speed of O immediately after the impact.
(3

(b)  State whether or not the direction of motion of O is changed by the collision.
(1)

Ans:a)v=-0.7ms1sospeed=0.7ms?! b)Direction Qunchanged M1 Dynamics Q6

A particle P of mass 2 kg 1s moving with speed v m stma straight line on a smooth horizontal

plane. The particle P collides directly with a particle O of mass 4 kg which is at rest on the same
horizontal plane. Immediately after the collision, P and @ are moving in opposite directions and
the speed of P 15 one-third the speed of 0.

(a)  Show that the speed of P immediately after the collision is $um s

4

M1 Dynamics Q9

Two trucks .4 and B, moving in opposite directions on the same horizontal railway track,
collide. The mass of 4 1s 600 kg. The mass of B 1s m kg. Immediately before the collision, the
speed of A is 4m s~ and the speed of B is 2 m s~ Immediately after the collision, the trucks

are joined together and move with the same speed 0.5 m s™. The direction of motion of A is
unchanged by the collision. Find

(a) the value of m,

G
Ans: m =840 kg M1 Dynamics Q10
A railway truck P of mass 2000 kg 1s moving along a straight horizontal track with speed
10 ms™'. The truck P collides with a truck O of mass 3000 kg, which 1s at rest on the same
track. Immediately after the collision Q moves with speed 5 m s~!. Calculate
(a) the speed of P immediately after the collision,
(3)

Ans:v=2.5ms! M1 Dynamics Q13
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9 A particle 4 moves across a smooth horizontal surface in a straight line. The particle 4 has
mass 2kg and speed 6ms~!. A particle B, which has mass 3 kg, is at rest on the surface.
The particle A collides with the particle B.

6ms~!

e
40 OB

(a) If, after the collision, A is at rest and B moves away from A, find the speed of B.
(3 marks)

1

(b) If, after the collision, 4 and B move away from each other with speeds vms™" and
4vms~! respectively, as shown in the diagram below, find the value of v.
v 4y
< —
40 OB (3 marks)
Ans:a)v=4ms1 b)v=1.2ms1 M1 Momentum 2 Q1

10 Two particles 4 and B have masses of 3 kg and 2 kg respectively. They are moving along a
straight horizontal line towards each other. Each particle is moving with a speed of 4ms™!
when they collide.

A (3kg) B (2kg)
— = -—
4ms~! 4ms™!

(a) If the particles coalesce during the collision to form a single particle, find the speed of
the combined particle after the collision. (3 marks)

(b) 1If, after the collision, 4 moves in the same direction as before the collision with speed

0.4ms~!, find the speed of B after the collision. (3 marks)
Ans:v=0.8 b)v=14 M1 Momentum 2 Q1
11 6ms!
e
05kz @ @ mkg
P Q

A p_article P of mass 0.5kg is travelling with speed 6ms™" on a smooth horizontal plane towards a
stationary particle Q of mass mkg (see diagram). The particles collide, and immediately after the
collision P has speed 0.8 ms ! and Q has speed 4ms ™.

() Given that both particles are moving in the same direction after the collision, calculate .  [3]

(i) Given instead that the particles are moving in opposite directions after the collision, calculate .

[31

Answer: i) 0.65 ii) 0.85 M1 Momentum Q1
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12

Each of two wagons has an unloaded mass of 1200kg. One of the wagons carries a load of mass mkg
and the other wagon is unloaded. The wagons are moving towards each other on the same rails, each
with speed 3ms ™, when they collide. Immediately after the collision the loaded wagon is at rest and

the speed of the unloaded wagon is 5ms™!. Find the value of m. (5]
Answer: 2000 M1 momentum Q1
13 An ice skater of mass 40 kg is moving in a straight line with speed 4ms™' when she collides with a
skater of mass 60 kg moving in the opposite direction along the same straight line with speed 3ms™".
After the collision the skaters move together with a common speed in the same straight line. Calculate
their common speed, and state their direction of motion. (5]
Answer: i) 0.2, same as heavier skater M1 Momentum Q2
14
2ms?! 3ms!
0.18kc @) @ mke
;[‘wo pélafticles of masses 0.18kg a.nfi mk‘g move on a smooth horizontal plane. They are moving
owards each otht?r in the same—lstralght line when they collide. Immediately before the impact the
speeds of the particles are 2ms™ and 3ms™! respectively (see diagram).
(1) Given that the particles are brought to rest by the impact, find m. [3]
(ii) Given instead that the particles move with equal speeds of 1.5m s7! after the impact, find
(@) the value of m, assuming that the particles move in opposite directions after the impact, [3]
(b) the two possible values of m, assuming that the particles coalesce. (4]
Answer: i) 0.12 ii) a) 0.14 b) 0.42, 0.02 M1 Momentum Q4
-1
15 p— st 0.5ms
— R
03Kz @ @05k @0
L M A

Three uniform spheres L, M and N have masses 0.8kg, 0.6 k_g and 0.7 kg respectively. The sEherez
are moving in a straight line on a smooth horizontal table, with M betwee.n L and N. The_ sp : Crg ‘
is moving towards M with speed 4 m s~! and the spheres M and NV are moving towards L with speeds

2ms~! and 0.5ms™! respectively (see diagram).

(i) L collides with M. As a result of this collision the direction of motion of M is reversed, and i;s
speed remains 2m s~!. Find the speed of L after the collision. [4]

(ii) M then collides with N.

(a) Find the total momentum of M and N in the direction of M’s motion before this collisiqn
takes place, and deduce that the direction of miotion of N is reversed as a result of this

4
collision. (4]

(b) Given that M is at rest immediately after this collision, find the speed of N immediatclzy
after this collision. [2]
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Answer: i) 1ii) 0.85b) 1.21 M1 Momentum Q4

16 ®
6ms!
-—
0.5kg
mkg @ o "
0 P

Fig. 1

A particle P of mass 0.5kg is projected with speed 6ms! ona sn‘looth ho'rizontal surface
towards a stationary particle Q of mass mkg (see Fig. 1)- After the gztmclcs collide, P Flas speed
vms~! in its original direction of motion, and Q has speed 1ms™ more than P. Show that

v(im+0.5) = —m+ 3. 3]
(i) 1
4ms™ 2ms”
—_— ‘+——
mkg @ LO.S kg
Q P
Fig. 2

O and P are now projected towards each other with speeds 4 ms_.t[ an.d 2Im s"‘l res‘pective ly (f;ee
Fig.2). Immediately after the collision the speed of Q is vms vfnth 1{5 direction of mothn
unchanged and P has speed 1 ms~! more than Q. Find another relationship between mn and v in
the form v(m + 0.5) = am + b, where a and b are constants. 4]

(iii) By solving these two simultaneous equations show that m = 0.9, and hence find v. 4]

Answer: ii) v(m+0.5)=4m-1.5 iii) 1.5 M1 Momentum Q5
A railway wagon 4 of mass 2400kg and moving with speed 5 m s7! collides with railway wagon B

which has mass 3600 kg and is moving towards 4 with speed 3m s~!. Immediately after the collision
the speeds of 4 and B are equal.

17

(i) Given that the two wagons are moving in the same direction after the collision, find their common
speed. State which wagon has changed its direction of motion. [5]

(ii) Given instead that 4 and B are moving with equal speeds in opposite directions after the collision,
calculate

(a) the speed of the wagons,

(b) the change in the momentum of 4 as a result of the collision.

(5]

Answer: i) 0.2 ii) a) 1 b) 14400 M1 Momentum Q5
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~1

4ms! lms
PO
0.7kz @ @ 03kg
£ o

Two particles P and Q have masses 0.7 kg and 0.3 kg respectively. P and Q are simultaneously
projected towards each other in the same straight line on a horizontal surface with initial speeds of
4ms! and 1 ms™! respectively (see diagram). Before P and Q collide the only horizontal force acting

on each particle is friction and each particle decelerates at 0.4 m s72. The particles coalesce when they
collide.

(i) Given that P and Q collide 2 s after projection, calculate the speed of each particle immediately
before the collision, and the speed of the combined particle immediately after the collision. [6]

(ii) Given instead that P and Q collide 3 s after projection,

(a) sketch on a single diagram the (z, v) graphs for the two particles in the interval 0 < ¢ < 3,
3]

(b) calculate the distance between the two particles at the instant when they are projected. [6]

Answer: i) P=3.2 Q=0.2 v=2.181ii) b) 11.45m M1 momentum Q7
19 ' )

P

PQ is a line of greatest slope, of length 4m, on a smooth plane inclined at 30° to the horizontal.
Particles A and B, of masses 0.15 kg and 0.5kg respectively, move along PQ with A below B. The
particles are both moving upwards, A with speed 8m s 1 and B with speed 2m s~!, when they collide
at the mid-point of PQ (see diagram). Particle A is instantaneously at rest immediately after the
collision.

(i) Show that B does not reach Q in the subsequent motion. [8]

(ii) Find the time interval between the instant of A’s arrival at P and the instant of B’s arrival at P.

(6l

Answer: ii) 1.27 seconds (with g=9.8) M1 Momentum q7
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Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. Subject content

4 Mechanics (for Paper 4)

Questions set will be mainly numerical, and will aim to test mechanical principles without involving difficult
algebra or trigonometry. However, candidates should be familiar in particular with the following trigonometrical

results:

sin(90° — 6) = cos 6, cos(90° — 6) = sinH, tanO =

cosO’

sin’0 + cos’0 = 1.

Knowledge of algebraic methods from the content for Paper 1: Pure Mathematics 1 is assumed.

This content list refers to the equilibrium or motion of a ‘particle’. Examination questions may involve extended
bodies in a ‘realistic’ context, but these extended bodies should be treated as particles, so any force acting on

them is modelled as acting at a single point.

Vector notation will not be used in the question papers.

4.1 Forces and equilibrium
Candidates should be able to:
o identify the forces acting in a given situation

e understand the vector nature of force, and find
and use components and resultants

e use the principle that, when a particle is in
equilibrium, the vector sum of the forces acting
is zero, or equivalently, that the sum of the
components in any direction is zero

e understand that a contact force between two
surfaces can be represented by two components,
the normal component and the frictional
component

e use the model of a ‘smooth' contact, and
understand the limitations of this model

¢ understand the concepts of limiting friction
and limiting equilibrium, recall the definition of
coefficient of friction, and use the relationship
F = uR or F'< R, as appropriate

e use Newton's third law.

24 www.cambridgeinternational.org/alevel

Notes and examples
e.g. by drawing a force diagram.

Calculations are always required, not approximate
solutions by scale drawing.

Solutions by resolving are usually expected, but
equivalent methods (e.g. triangle of forces, Lami's
Theorem, where suitable) are also acceptable; these
other methods are not required knowledge, and will
not be referred to in questions.

Terminology such as ‘about to slip’ may be used to
mean ‘in limiting equilibrium’ in questions.

e.g. the force exerted by a particle on the ground
is equal and opposite to the force exerted by the
ground on the particle.

Back to contents page



Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. Subject content

4  Mechanics

4.2 Kinematics of motion in a straight line

Candidates should be able to: Notes and examples

e understand the concepts of distance and speed Restricted to motion in one dimension only.
as scalar quantities, and of displacement, velocity The term ‘deceleration’ may sometimes be used in
and acceleration as vector quantities the context of decreasing speed.

e sketch and interpret displacement-time graphs
and velocity-time graphs, and in particular
appreciate that

- the area under a velocity-time graph
represents displacement,

- the gradient of a displacement-time graph
represents velocity,

- the gradient of a velocity—time graph
represents acceleration

e use differentiation and integration with respect Calculus required is restricted to techniques from the
to time to solve simple problems concerning content for Paper 1: Pure Mathematics 1.
displacement, velocity and acceleration

e use appropriate formulae for motion with Questions may involve setting up more than one
constant acceleration in a straight line. equation, using information about the motion of
different particles.

4.3 Momentum
Candidates should be able to: Notes and examples

e use the definition of linear momentum and show For motion in one dimension only.
understanding of its vector nature

e use conservation of linear momentum to solve Including direct impact of two bodies where the
problems that may be modelled as the direct bodies coalesce on impact.
impact of two bodies. Knowledge of impulse and the coefficient of

restitution is not required.
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4  Mechanics
4.4 Newton's laws of motion
Candidates should be able to:

e apply Newton's laws of motion to the linear
motion of a particle of constant mass moving
under the action of constant forces, which may
include friction, tension in an inextensible string
and thrust in a connecting rod

e use the relationship between mass and weight

e solve simple problems which may be modelled as
the motion of a particle moving vertically or on
an inclined plane with constant acceleration

e solve simple problems which may be modelled as
the motion of connected particles.

4.5 Energy, work and power
Candidates should be able to:

e understand the concept of the work done by a
force, and calculate the work done by a constant
force when its point of application undergoes a
displacement not necessarily parallel to the force

e understand the concepts of gravitational
potential energy and kinetic energy, and use
appropriate formulae

e understand and use the relationship between the
change in energy of a system and the work done
by the external forces, and use in appropriate
cases the principle of conservation of energy

e use the definition of power as the rate at which
a force does work, and use the relationship
between power, force and velocity for a force
acting in the direction of motion

e solve problems involving, for example, the
instantaneous acceleration of a car moving on a
hill against a resistance.

www.cambridgeinternational.org/alevel

Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. Subject content

Notes and examples

If any other forces resisting motion are to be
considered (e.g. air resistance) this will be indicated in
the question.

W = mg. In this component, questions are mainly
numerical, and use of the approximate numerical
value 10 (ms™®) for g is expected.

Including, for example, motion of a particle on a
rough plane where the acceleration while moving
up the plane is different from the acceleration while
moving down the plane.

e.g. particles connected by a light inextensible string
passing over a smooth pulley, or a car towing a trailer
by means of either a light rope or a light rigid tow-
bar.

Notes and examples

W = Fdcos9;
Use of the scalar product is not required.

Including cases where the motion may not be linear
(e.g. a child on a smooth curved ‘slide’), where only
overall energy changes need to be considered.

Including calculation of (average) power as

Work done
Time taken”
P=Fv.
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5 List of formulae and statistical tables (MF19)

PURE MATHEMATICS

Mensuration

Volume of sphere = %nr3

Surface area of sphere = 47’

Volume of cone or pyramid = 4 x base area x height
Area of curved surface of cone = 7r x slant height
Arc length of circle =76 (6 in radians)

Area of sector of circle = %rzé? (@ 1in radians)

Algebra
For the quadratic equation ax” +bx+c=0:

_ —b+Alb* —4ac

* 2a
For an arithmetic series:
u,=a+n-1d, S, =tn(a+l)=Ln{2a+(n-1)d}
For a geometric series:
. a(l-r" a
u,=ar"", Sn:% (r#1), SOO=: (|r|<1)

Binomial series:

n_ n n n—1 n n-212 n n-313 n . v .
(a+b)'=a" + | a""b+ ) a"bhT + 3 a" b’ +...+b" , where n is a positive integer

!
and | |- "
r) ri(n—r)!

(=) > nr=D(n=2)
! 3!

n . .
A+x)"=1+nx+ +...,Wheren1srat10naland|x|<1
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Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. List of formulae and statistical tables (MF19)

Trigonometry
sinf
tand =
cosd
cos’@+sin*0=1, 1+tan’ O =sec’ 0, cot? @ +1=cosec’ 0

sin(A £ B)=sin Acos B+ cos Asin B
cos(4+ B)=cos Acos BFsin Asin B

tan A +tan B
1¥tan Atan B

sin2A4 =2sin Acos A

tan(4+ B) =

cos2A=cos’A—sin’A=2cos’A—1=1-2sin’4

2tan A
tan2A4 = e
1-tan” A4
Principal values:
—%n<sin_1x <3, 0<cos ' x<m, —%Tc<tan_1x<%n
Differentiation
f(x) f'(x)
xn nxn—l
1
Inx —
X
e’ e’
sin x CcoS X
COS X —sinx
tan x sec’ x
secx secxtan x
cosecx —cosecxcotx
cotx —cosec® x
. 1
tan " x 3
1+x
du dv
uy V—tu—
dx dx
du dv
V——U—
u dx dx
v v
dy dy dx
If x=f(r) and y=g(f) then 2 =L+
dx dr dt
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Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. List of formulae and statistical tables (MF19)

Integration
(Arbitrary constants are omitted; a denotes a positive constant.)

f(x) j f(x) dx
n+l
x" (n=-1)
n+l
1
— ln|x|
x
e’ e’
sinx —CoSXx
coS X sin x
sec” x tan x
; ltan71 (ij
2 +a? a a
1 1 xX—a
_ —In x>a
x> —a’ 2a |x+a ( )
1 1 a+x
—_— —In x|<a
aZ _x2 2(1 a—x ( | | )

Iugdxzuv— vd—udx
dx dx

f'(x)
| o dx = In|f (x)|

Vectors
If a=qgi+a,j+ak and b=5ji+b,j+bk then

ab=ab +a,b, +a,b, =|a ||b |cos€
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Cambridge International AS & A Level Mathematics 9709 syllabus for 2020, 2021 and 2022. List of formulae and statistical tables (MF19)

MECHANICS
Uniformly accelerated motion
v=u+at, s=1u+v), S:ut+%at2, v =u® +2as
FURTHER MECHANICS
Motion of a projectile
Equation of trajectory is:
2
ax
=xtanf —
4 2V*cos* 0
Elastic strings and springs
2
r=2* o2
/ 21

Motion in a circle
For uniform circular motion, the acceleration is directed towards the centre and has magnitude

2
2 v
r or 4
r

Centres of mass of uniform bodies
Triangular lamina: 2 along median from vertex

Solid hemisphere of radius 7: 2 from centre

Hemispherical shell of radius r: £ from centre

. . rsina
Circular arc of radius » and angle 2 from centre
a
. . 2rsing
Circular sector of radius » and angle 2 v from centre
a

Solid cone or pyramid of height 4: 3h from vertex
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