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Kinematicsof a particle movingin astraight line
Exercise A, Question 1

Question:

A particle is moving in a straight line with constant acceleration 3 fa &t timet = 0, the speed of the particle is 2 m
s~ 1 Find the speed of the particle at tit = 6 s.

Solution:

a =3,u=2,t=6,v="?
V =u+at
=2+3x6=2+18=20

The speed of the particle at tit = 6sis20ms~ L
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Kinematicsof a particle movingin astraight line
Exercise A, Question 2

Question:

A particle is moving in a straight line with constant acceleration. The particle passes a point with speed’1 Paurs
seconds later the particle has sp7.€6 m <~ L. Find the acceleration of the parti

Solution:

u =12.,t=4,v=76,a= ?

Vv =u+at

76 =12+ax4
76-1.2

a = a =1.6

The acceleration of the particlel.6ms~2,
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Kinematicsof a particle movingin astraight line
Exercise A, Question 3

Question:

A car is approaching traffic lights. The car is travelling with speed 10 tnEhe driver applies the brakes to the car
the car comes to rest with constant deceleration in 16 s. Modelling the car as a particle, find the deceleratior

Solution:
u =10,v=0,t=16,a= ?
V =Zu+at
0 =10+ax 16
10
a = - - - 0.625

The deceleration of the car0.625ms~ 2.
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Kinematicsof a particle movingin astraight line
Exercise A, Question 4

Question:

A particle moves in a straight line from a paofito pointB with constant acceleration. The particle pagsesth speed
2.4m <~ 1. The particle pass®B with spee@ m <~ 1, five seconds after it passA. Find the distance betweA andB.

Solution:

u =24,v=8,t=5,s=7?
u+v

7 )

24+8
2

s = (

x5=52x5=26

The distance betweeA andB is 26 m

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Kinematicsof a particle movingin astraight line
Exercise A, Question 5

Question:

A car accelerates uniformly while travelling on a straight road. The car passes two signposts 360 m apart. The car takes

15s to travel from one signpost to the other. When passing the second signpost, it has speed. Fm the speed
the car at the first signpa

Solution:

s=360,t=15,v=28,u= ?

u+yv

s= ( > ) t

u+28

360 = x 15

360 x 2
15

u=48-28=20

u+28= =48

The speed of the car at the first sign po20ms ™1,
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Kinematicsof a particle movingin astraight line
Exercise A, Question 6

Question:
A particle is moving along a straight line with constant deceleration. The pomtsY are on the line andY = 120 m.
Attimet = 0, the particle passésand is moving toward¥ with speed 18 m s1. Attimet = 10 s, the particle is af.

Find the velocity of the particle at tint = 1C s.
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Kinematicsof a particle movingin astraight line
Exercise A, Question 7

Question:

A cyclist is moving along a straight road frofrto B with constant acceleration 0.5 m & Her speed @ is3m s 1
and it takes her 12 seconds to cycle fiA to B. Finda her speed B, b the distance frorA to B.

Solution:

a

a =05,u=3,t=12,v=7?

vV =u+at
=3+05%x12=3+6=9

The speed of the cyclist Btis 9m s~ L.

b

u =3,v=9,t=12,s= ?
u+v

s = ()t

= () x12=6x12=72

The distance frorAtoBis 72 m
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Kinematicsof a particle movingin astraight line
Exercise A, Question 8

Question:

A particle is moving along a straight line with constant acceleration from aftord pointB, whereAB = 24 m. The

particle takes 6 s to move frofito B and the speed of the particleBais 5 m s™ 1. Finda the speed of the particle At
b the acceleration of the partic

Solution:
a
s=24,t=6,v=5,u="?
u+v
s=( 5 )t
24 = ( u;5 ) X 6
24 x 2
u+5= 5 =8
u=8-5=3

The speed of the particle Atis 3m s~ 1.

b
u=3,v=5,t=6,a="?
v=u+at
5=3+6a
g= 58 _ 1

6 3

1
The acceleration of the particleTs m &
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Kinematicsof a particle movingin astraight line
Exercise A, Question 9

Question:

A particle moves in a straight line from a poito a pointB with constant deceleration 1.2 m 4 The particle takes €

to move fromA to B. The speed of the particleBis 2 m s~ 1 and the direction of motion of the particle has not
changed. Fina the speed of the particle A, b the distance frorA to B.

Solution:

a
a=-12,t=6,v=2,u=?
V =u+at

2 =u-12x6=u-7.2
u =2+7.2=9.2

The speed of the particle Atis 9.2 ms 1.

b

u =92,v=2,t=6,s=?
u+v

s = ()t
92+2

= (~5") x6=56x6=336

The distance frorAtoB is 33.6 m
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Kinematicsof a particle movingin astraight line
Exercise A, Question 10

Question:

A train, travelling on a straight track, is slowing down with constant deceleration 0-6.nTise train passes one signal
with speed 72 km hl and a second signal 25 s later. Farttie speed, in km hl, of the train as it passes the second
signal,b the distance between the sigr

Solution:

a

72 x 1000
72kmh~1=72x1000mh 1= —— = ms 1=20ms?!

u =20,a= -06,t=25,v=?
vV =u+t+at
=20-0.6x25=20-15=5(ms?!)

5 x 3600

5ms~1=5x3600mHh 1= — = kmh 1=18kmh~?

The speed of the train as it passes the second signal is 18 km h

b

u =20,v=5,t=25,s= ?
u+v

s = ()t
20+5

= (5,°) x25=125x25=3125

The distance between the signals is 312
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Kinematicsof a particle movingin astraight line
Exercise A, Question 11

Question:

A particle moves in a straight line from a poito a pointB with a constant deceleration of 4 m3% At A the particle
has speed 32 ms! and the particle comes to resBaFind a the time taken for the particle to travel fréno B, b the
distance betweeA andB.

Solution:
a
a=-4,u=32,v=0,t= 7
VvV =u+at
0 =32-4t
32
t = T:

The time taken for the particle to move fréo B is 8s.

b

u =32,v=0,t=8,s= ?
u+v

s =(—5 )t
32+0

= ( > ) x8=16x%x8 =128

The distance betweeA andB is 128 m
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Kinematicsof a particle movingin astraight line
Exercise A, Question 12

Question:

A skier travelling in a straight line up a hill experiences a constant deceleration. At the bottom of the hill, the skier has a

speed of 16 m 51 and, after moving up the hill for 40 s, he comes to rest. &thd deceleration of the skidrthe
distance from the bottom of the hill to the point where the skier comes"

Solution:
a
u =16,t=40,v=0,a= ?
V =u+at
0 =16 +40a
16
a __E__O'A'

The deceleration of the skier is 0.4 m%

b

u =16,t=40,v=0,s= ?
u+v

s =(—5 )t
16 + 0

:( > ) x40 =8 x40 =320

The distance from the bottom of the hill to the point where the skier comes to rest i<
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Kinematics of a particlemoving in a straight line
Exercise A, Question 13

Question:

A particle is moving in a straight line with constant acceleration. The paigsi#l Clie on this line. The particle moves
from Athrough Bto C. The speed of the particle ais®2 m s~ 1 and the speed of the particle aisB m s~ 1. The particle
takes 20 s to move from th B.

a Find the acceleration of the patrticle.
The speed of the particle isi€11 m s L. Find
b thetime taken for the particle to move fromtd®C,

c the distance betweA andC.

Solution:
a
u=2,v=7,t=20,a= ?
VvV =u+at
7 =2+ 20a

7-2
a = ?—0.25

Theacceleration of the particle is 0.25 m%

b
From Bto C
u =7,v=11,a=025,t= ?
vV =u+at
11 =7 + 0.25t
11-7
0.25 =16

The time taken for the particle to move fromtdBCis 16 s.
¢ The time taken to move fromtd Cis (20+16) s=36s

From Ato C
u=2,v=11,t=36,s= ?
u+v

s = ( 2)t

= (257) x36=6.5x36=234

The distance betweeA andC is 234 m
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Kinematicsof a particle movingin astraight line
Exercise A, Question 14

Question:

A particle moves in a straight line frafnto B with constant acceleration 1.5 m & It then moves, along the same
straight line, fromB to C with a different acceleration. The speed of the partickeiatl m s~ 1 and the speed of the
paticle atC is 43 m s 1. The particle takes 12 s to move fréno B and 10 s to move froi to C. Find

a the speed of the particle Bt
b the acceleration of the particle as it moves fi®ion C,

c the distance frorA to C.

Solution:

a
FromAtoB

a =15,u=1,t=12 ,v=?
V =u+at
=1+15x%x12=1+18=19

The speed of the particle Bis 19 m s 1.

b
FromBtoC
u =19,v=43,t=10,a= ?
v =u+t+at
43 =19 + 10a
43-19
a = — =24

The acceleration froBtoCis 2.4 ms 2

c
The distance fromi\ to B

u =1,v=19,t=12 ,s= ?

u-+v
s = ()t

= (=57) x12=10x12=120

The distance fronB to C
u =19,v=43,t=10,s= ?
u+v

s = ( 2)t

= (737) x10=31x10=310
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Kinematics of a particlemovingin a straight line
Exercise A, Question 15

Question:

A cyclist travels with constant acceleratiomyxs™ 2, in a straight line, from rest to 5 nT 4 in 20 s. She then decelerates from 5 m

1
s~ 1to rest with constant deceleratigrx m s~ 2. Find a the value of yb the total distance she travelled.

Solution:
a
u =0,v=5,t=20,a=x
V =u+at
5 =0+ 2K
5
X —5—0.25
b

While accelerating
u=0,v=5,t=20,s=7?

u-+yv

s = ()t
= (22) x20=25x20="50

While decelerating [The value of is found firs{
u=5,v=0,a= - >x= -0.125 t= ?
v u+at
0 =5-0.12%

5
t = G =40

[To find the value of svhile decelerating.

u =5,v=0,t=40,s=?

u+v
s = ()t

5+0
= ( T) x40 =2.5x40=100
The total distance travelled is the distance travelled while accelerating added to the distance travelled while decelerating =
(5C+10C) m=15Cm.
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Kinematicsof a particle movingin astraight line
Exercise A, Question 16

Question:

A particle is moving with constant acceleration in a straight line. It passes through threefp&@msdC with speeds
20m s~ 1, 30 m s 1and 45 m s L respectively. The time taken to move frénto B ist; seconds and the time taken to

move fromB to C ist, seconds.

t

1 2
a Show that~ =3 .
2

Given also that the total time taken for the particle to move fkdaonC is 50 s,

b find the distance betwetA andB.

Solution:

a

FromAtoB

vV =u+at

30 =20 +at;

at1 =10 (1)
FromBtoC

Vv =u+at

45 =30+ at,

at2 =15 2)

Dividing equation (1) by equation (2)

la, _ [i
[at, ~ [15
bo_ 2 ired
t, =3 , as require
b
From the result in paet

3

3 5
. — 3, _ 5 _ .

bt =t + ot = St =50, given.
t = 2 =
1 =3 x 50 =20
FromAtoB
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u =20,v=30,t=20,s= ?

u+yv

s = ()t

= ( #5F) x20=25x20=500

The distance frorA toB is 500 m
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Kinematicsof a particle movingin astraight line
Exercise B, Question 1

Question:

A particle is moving in a straight line with constant acceleration 2.5 R I$ passes a poirt with speed 3 m st and
later passes through a poB, whereAB = 8 m. Find the speed of the particle as it passes thrB.

Solution:

a =25u=3s=8yv="?

v =u?+2as
=32+2x25x8=9+40=49

v =\49=7

The speed of the particle as it passes thr@is7ms~ 1
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Kinematicsof a particle movingin astraight line
Exercise B, Question 2

Question:

A car is accelerating at a constant rate along a straight horizontal road. Travelling at'gitppasses a pillar box and 6
s later it passes a sign. The distance between the pillar box and the sign is 60 m. Find the acceleratiol

Solution:

u =8t=6,s=60,a= ?

_ 1.2
S =ut+ 2at
60 :8><6+% xa x 62 = 48 + 18a

2
The acceleration of the carl}: m &
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Kinematicsof a particle movingin astraight line
Exercise B, Question 3

Question:

A cyclist travelling at 12 m 51 applies her brakes and comes to rest after travelling 36 m in a straight line. Assuming
that the brakes cause the cyclist to decelerate uniformly, find the decel

Solution:

u =12,v=0,s=36,a= ?
v =u?+2a s

02 =12+ 2 xax 36 =144 + 72a
144
a =- — = -2

The decelerationi2ms 2.
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Kinematicsof a particle movingin astraight line
Exercise B, Question 4

Question:

A particle moves along a straight line frdrio Q with constant acceleration 1.5 m 4 The particle takes 4 s to pass
from

P to Q andPQ = 22 m. Find the speed of the particleQ.

Solution:

a =15t=4,s=22,v=?

P )
s =vt- Jat

22 = 4y- %X1.5><@=4v—12

2+12 34
v = ) =8.5

The speed of the particleQis8.Ems~ 1L
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Kinematicsof a particle movingin astraight line

Exercise B, Question 5

Question:

Pagel of 1

A particle is moving along a straight li®A with constant acceleration 2 m7 4. At O the particle is moving towards
with speec5.5m <~ 1. The distancOA is 20 m. Find the time the particle takes to move 1O to A.

Solution:

a =2u=55,s5=20,t= ?
_ 1 0

S =ut+ 2at

20 =5.5t+ % x 2 x t2

t2+55t-20=0
2t2 + 11t-40= (2t-5) (t+8) =0
t=25, -8

The time the particle takes to move frOto A is 2.5 <
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Kinematicsof a particle movingin astraight line
Exercise B, Question 6

Question:

A train is moving along a straight horizontal track with constant acceleration. The train passes a signal at Saan h
asecond signal at 72 km™. The distance between the two signals is 500 m. Find, i fntke acceleration of the
train.

Solution:
54 x 1000
-1 — 24x 00 -1_ -1
54 km h 2600 ms 15ms
72 x 1000
-1 = L2V -1_ -1
72 kmh 3600 ms 20ms

u =15,v=20,s=500,a= ?
v =u¥+2as

20° = 15° + 2 xa x 500
400 = 225 + 1000a

400 - 225

oo - 0.175

The acceleration of the train0.17¢ms~ 2
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Kinematicsof a particle movingin astraight line
Exercise B, Question 7

Question:

A particle moves along a straight line, with constant acceleration, from afptira pointB whereAB = 48 m. AtA the

particle has speed 4 nT$ and atB it has speed 16 ms. Finda the acceleration of the partickethe time the particle
takes to move frorA to B.

Solution:

a

s =48,u=4yv=16,a= ?
vV =u?+2as
16 =42+ 2 xax 48
256 =16 + 96a
256 - 16

= T - 2.5

The acceleration of the particle is 2.5 Mm%

b

u =4yv=16,a=25t=?
vV =u+at
16 =4 + 2.5t
16-4 _

> 4.8

t =

The time taken to move froAtoBis 4.8 <
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Kinematicsof a particle movingin astraight line
Exercise B, Question 8

Question:

A particle moves along a straight line with constant acceleration 34nThe particle moves 38 m in 4 s. Fiathe
initial speed of the particlb the final speed of the partic

Solution:

a

a =3s=38t=4,u=?

s =ut+ ya

38 =du+ 5 x3x#=4u+24

38 - 24
u = 2 =35

The initial speed of the particle is 3.5m &

b

Vv —utat
=35+3x4=155

The final speed of the particle15.Ems ™1
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Kinematicsof a particle movingin astraight line
Exercise B, Question 9

Question:

The driver of a car is travelling at 18 m $along a straight road when she sees an obstruction ahead. She applies the
brakes and the brakes cause the car to slow down to rest with a constant deceleration éf Binta the distance
travelled as the car deceleraib the time it takes for the car to decelerate f18 m <~ 1 to rest

Solution:

a

u =18,v=0,a= —-3,5s= ?
v =u?+2a s
02 =18 -2 x 3 xs=324- 65

324
S = 5 =54

The distance travelled as the car decelerates is 54 m.

b
u =18,v=0,a= - 3;t= ?
Vv =ut+at
0 =18-3t
18
t 3 -

The time taken for the car to decelerate is
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Kinematicsof a particle movingin astraight line
Exercise B, Question 10

Question:

A stone is sliding across a frozen lake in a straight line. The initial speed of the stone i§ 12Tesfriction between

the stone and the ice causes the stone to slow down at a constant rate of 8.&indsa the distance moved by the
stone before coming to reb the speed of the stone at the instant when it has travelled half of this d

Solution:
a
u =12,v=0,a= -0.8,s= ?

v =ul+2a s
02 =12 -2 x 0.8 xs= 144- 1.6s

S :RZQO

The distance moved by the stone is 90 m.

b
u =12,a= - 0.8,s=45v= ? Half the distance in ais 45 .

vV =ul+2as
=12 -2x0.8x%x45=144-72=72
v =\72~8.49

The speed of the stone8.4¢ms~1(3s.f.)
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Kinematicsof a particle movingin astraight line
Exercise B, Question 11

Question:

A particle is moving along a straight li®A with constant acceleration 2.5 m & At timet = 0, the particle passes

throughO with speed 8 m 51 and is moving in the directid®A. The distanc®A is 40 m. Finda the time taken for the
particle to move fronO to A, b the speed of the particle A. Give your answers to one decimal pl:

Solution:

a

a =25u=8,s=40,t= ?
s —ut+ %at2

40 = 8t + 1.25¢

1252+ 8-40=0

-8+ (P+4x125x40) _ -—-8+Y264
2.5 B 25

=3.299 ... [The negative solution is discountgd.

The time taken for the particle to move fr@to A 3.3 s (1 d.p.).
b

a =25u=8,s=40,v= ?

vV =u?+2a s

=82+ 2 x25 x40 = 264
v =\264=16.24 ...

The speed of the particleAis16.2ms~1(1d.p.)
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Kinematicsof a particle movingin astraight line
Exercise B, Question 12

Question:

A particle travels with uniform deceleration 2 m%in a horizontal line. The poin#s and B lie on the line and

AB = 32 m. At timet = 0, the particle passes througjlwith velocity 12 m s 1 in the directiomAB. Find a the values of
when the particle is B, b the velocity of the particle for each of these valuet.

Solution:
a
a= —-2,.s5=32,u=12t= ?

1
S=ut+ Eatz

32 = 12t t2

t2-12t+32= (t-4) (t-8) =0
t=48

b

Whent=4,y =u+at
=12-2x4=4

The velocity is 4 m § 1in the directionAB.

Whent=8,y =u+a't
=12-2%x8= -4

The velocity is4 m s~ 1in the directiorBA.
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Kinematicsof a particle movingin astraight line
Exercise B, Question 13

Question:

A particle is moving along the-axis with constant deceleration 5 m & At timet = 0, the particle passes through the

origin O with velocity 12 m s 1in the positive direction. At timeseconds the particle passes through the poimith
x-coordinate 8. Fina the values ot, b the velocity of the particle as it passes through the pointx-coordinate — 8.

Solution:

a

a = -5u=12,s=8;t= ?
s ut+ %at2

8 =12-25¢

258 -12+8=0
512 - 24t + 16 = (5t-4) (t-4) =0

t=0.84
b
a = -5u=12,s= -8,v= ?

vV =u?+2as
=122+2x (-5) x (-8) =144+80=224
v =\224=14.966 ...

The speed ex = - 8is15.(ms~1(3s.f.)
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Exercise B, Question 14

Question:

A particleP is moving on the-axis with constant deceleration 4 m% At timet = 0, P passes through the origh

with velocity 14 m s 1in the positive direction. The poiftlies on the axis an@A = 22.5 m. Finda the difference
between the times wheP passes throucA, b the total distance travelled IP during the interval between these tin

Solution:

a

a = —-4u=14,s=225t= ?
s =ut+ %at2

225 = 14 - 22

212 - 14t+225=0
42 -28t+45= (2t-5) (2t-9) =0
t =2545

The difference between the timesis (4.5 -2.5F 2s.

b
[Find the time when Peverses directiob|1.
a = -4u=14yv=0,t= ?
Vv mutat
0 =14-4t>t= - =35

IFind the displacement whert3.5]

_ 1.2
S =ut+ 2at
=14x35-2x38=245

Between the times whet = 2.5 andt = 4.5 the particle move2 ( 24.£-22.5) m=4m.
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Question:
A car is travelling along a straight horizontal road with constant acceleration. The car passes over three consecutive

points A, B andC whereAB = 100 m andBC = 300 m. The speed of the carBais 14 m s™ 1 and the speed of the car at
Cis20m ¢~ L Finda the acceleration of the cib the time taken for the car to travel frA to C.

Solution:

aFromBto C

u =14,v=20,s=300,a= ?

vV =ul+2as

207 = 142 + 2 x a x 300
_ 2

a = 2% _g34
600

The acceleration of the car is 0.34 m%

b FromAtoC

v =20,s=400,a= 0.34,u= ?
vV =u?+2as

207 = U2 + 2 x 0.34 x 400 =U? + 272
u?2 =400 -272=128

u = \|128 = 8r2 Assuming the car is not in reversa at

v =utat

20 =8Y2+0.34t
_ 20-8f2 _

t =~ ~255

The time taken for the car to travel frAto C is 25.5 s (3 s.f.
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Question:
Two particlesP and Q are moving along the same straight horizontal line with constant accelerations 2and3.6 m
s~ 2respectively. At timeé = 0, P passes through a poitwith speed 4 m 51. One second lat& passes through

with speed 3 m 51, moving in the same direction Bs

a Write down expressions for the displacement® ahdQ from A, in terms oft, wheret seconds is the time aftBrhas
passed througA.

b Find the value of where the particles meet.

¢ Find the distance (A from the point where the particles m

Solution:

aForP:
1
s=u t+ Zat?=> s=4t+t?

The displacement d?is (4 +t2) m.
For Q:
Q has been moving for t(- 1 ) seconds since passing through A

1
s=ut+ Lat?=>s=3(t-1) +18(t-1)?2

The displacement dis [3(t-1) +1.8(t-1) 2] m.
b
At+t2 =3(t-1) +1.8(t-1)2

4t+t2 =3t—-3+1.8¢ - 3.6t+ 1.8
082 - 46t-12=0

IDivide throughout by 0.2.

A2 -2 -6 =0
(t-6) (4t+1) =0

t = 6, the negative solution is rejecteds(the time after passing through

Cc
Substitute & 6 into the expression for the displacement of P
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S=4t+t?=4x6+6=60
The distance cA from the point where the particles meet is 6
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Exercise C, Question 1

Question:

A ball is projected vertically upwards from a po@iwith speed 14 m s1. Find the greatest height abo®aeached by
the ball

Solution:

Take upwards as the positive direction.

u =14 ,v=0,a= -9.8,s= ?
V2 =u?+2a s

02 =14°- 2 x 9.8 xs
2

s = 14 =10
2x9.8

The greatest height aboO reached by the ball is 10
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Question:

A well is 50 m deep. A stone is released from rest at the top of the well. Find how long the stone takes to reach the
bottom of the wel

Solution:

Take downwards as the positive direction.
s =50,u=0,a=98,t=?

- 1.2
s =ut+ Cat

50 =0+ 4.9¢

2 = % =10.204 ... > t=3.194 ... = 3.2

The stone takes 3.2 s (2 s.f.) to reach the bottom of the
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Question:

A book falls from the top shelf of a bookcase. It takes 0.6 s to reach the floor. Find how far it is from the top shelf to the
floor.

Solution:

Take downwards as the positive direction.
u=0,t=0.6,a=98,s=7?
- 1.2
s =ut+ Jat
=0+49x06=1.764~18

The top shelf is 1.8 m (2 s.f.) from the flc
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Question:

A particle is projected vertically upwards with speed 20 8om a point on the ground. Find the time of flight of the
particle

Solution:

Take upwards as the positive direction.

u =20,a= -98,s=0,t= "7
_ 1.2
S =ut+ 2at
0 =20t-4.92=t(20-4.9t) ,t#0

20

t =75 =4.081..=41

The time of flight of the particleis4.1s(2s
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Question:

A ball is thrown vertically downward from the top of a tower with speed 18 f & reaches the ground in 1.6 s. Find
the height of the towe

Solution:

Take downwards as the positive direction.
u =18,a=98,t=16,s= ?

— 1.2
s =ut+ Jat

=18 x 1.6 + 4.9 x 1.6= 41.344~ 41

The height of the toweris 41 m (2 s
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Question:

A pebble is catapulted vertically upwards with speed 24 rh Einda the greatest height above the point of projection
reached by the pebblb the time taken to reach this heig

Solution:

a
Take upwards as the positive direction.

u =24,a= -98,v=0,s=?
v =u?+2a s

02 =242-2x 9.8 xs
2
s 2% - 29387 ...~29
2x%x9.8

The greatest height above the point of projection reached by the pebble is 29 m (2 s.f.).

b

u=24,a= -98,v=0,t="?

Vv =u+at
0 =24 -9.8t
24
t = 5—2.448...N2.4

The time taken to reach the greatest heightis 2.4 s (;
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Question:

A ball is projected upwards from a point which is 4 m above the ground with speed 18 Firsda the speed of the
ball when it is 15 m above its point of projectib the speed with which the ball hits the groi

Solution:

a
Take upwards as the positive direction.

u =18,a= -98,s=15,v=?

vV =u?+2as
=182-2x9.8x15=30

v =\30= #5477 ...~ +55

The speed of the ball when it is 15 m above its point of projection is 5.5'({2ss.f.).

b

u =18,a= -98,s= -4,v=7?
vV =u?+2as

=182 +2x ( -9.8) x ( —-4)
324+ 78.4 = 402.4
-\402.2= -20.059 ..~ - 20

\

The speed with which the ball hits the groun2Cm <~ 1 (2 s.f.)
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Question:

A particleP is projected vertically downwards from a point 80 m above the ground with speed 4 Firsda the spee
with which P hits the grouncb the timeP takes to reach the grou

Solution:

a
Take downwards as the positive direction.

s =80,u=4,a=98,v= "7
vV =u?+2as

=42+ 2 x 9.8 x 80 = 1584
v =\1584 =39.799 ...~ 40

The speed with whicP hits the ground is 40 ms! (2 s.f.).

b

u:4,a=9.8,v:\|1584 =72

v=u+at
1584 = 4 + 9.8t
t= —“598‘;_4 = 3653 ..~3.7

The timeP takes to reach the ground is 3.7 s (2
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Question:

A particleP is projected vertically upwards from a po¥itFive seconds latét is moving downwards with speed 10 m
s~ 1 Finda the speed of projection P, b the greatest height aboX attained byP during its motior

Solution:

a
Take upwards as the positive direction.

v = -10,a= -98,t=5,u=?
\% —u+at

-10 =u-9.8x%x5

u =9.8x5-10=39

The speed of projection & is 39 m s 1.

b

u =39,v=0,a= —-9.8,s= ?

vV =ul+2a s

02 =39 -2 x9.8xs

s = 3% _77602.. ~78
2x%x9.8

The greatest height aboX attained byP during its motion is 78 m (2 s.1
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Question:

A ball is thrown vertically upwards with speed 21 mls|t hits the ground 4.5 s later. Find the height above the ground
from which the ball was throw

Solution:

Take upwards as the positive direction.

u=21,t=45,a= —9.8,s= ?
_ 1. 2
S =ut+ 2at
=21 x45-49x43= - 4725~ - 4.7

The height above the ground from which the ball was thrown is 4.7 m (
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Question:

A stone is thrown vertically upward from a point which is 3 m above the ground, with speed™1%6 Rirgla the time
of flight of the stoneb the total distance travelled by the st

Solution:

a
Take upwards as the positive direction.

S = -3,u=16,a= —-98.,t= ?
_ 1.2

S =u t+ 2at

-3 =16 - 4.9¢

492-166-3=0

-bx\ (b2-4a c)
2a

Usingx =

16+| (1@+4x49x3)

t = T Only the positive solution need be considered.

=3.443... =34

The time of flight of the stone is 3.4 s (2 s.f.).

b
Find the greatest height, shyreached by the stone.

u =16,v=0,a= -9.8,s=h
V2 =u?+2a s
02 = 162 - 2 x 9.8 xh

1€ _13.061..~13

h =
2x49

The total distance travelled by the ston (2x 13+ 3) m=29m (2 s.f.)
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Question:

A particle is projected vertically upwards with speed 24.5. ind the total time for which it is 21 m or more above
its point of projectior

Solution:

Take upwards as the positive direction.
u =245,a= -98,s=21,t=?

s =ut+ %atz

21 =248 - 4.9¢

492 -245+21=0

) -b+\ (b®-4a c)
Usingx = a

245+] (24.3-4x49x21)

t =
2x9.8
=1.0984 ... ,3.9015 ...
The difference between these timesis (3.9015... —1.0984 ... ) s=2.803 ... s

The total time for which the particle is 21 m or more above its point of projection is 2.8 s
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Question:
A particle is projected vertically upwards from a pdnwvith speecim s~ L. Two seconds later it is still moving

1
upwards and its speed Tsum s™ L. Finda the value ofl, b the time from the instant that the particle lea®es the

instant that it returns tO.

Solution:

a
Take upwards as the positive direction.

1
u =u,v= 5u,a= -98,t=2
v =u+at

%u —u-9.8x2

2

Su =19.6>u= g x 19.6 = 29.4

u =29 (2stf.)

u =294 . s=0,a= -98,t= ?
_ 1 0
S =ut+ 2at

0 =29.4-49=t(29.4-4.9) ,t#0
29.4

t___

4.9

The time from the instant that the particle leaO to the instant that it returns O is 6 s
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Question:

A ball A is thrown vertically downwards with speed 5 msfrom the top of a tower block 46 m above the ground. At
the same time a& is thrown downwards, another bBlis thrown vertically upwards from the ground with speed 18 m

s~ 1 The balls collide. Find the distance of the point wiA andB collide from the point wherA was throwr

Solution:

For A, take downwards as the positive direction.
1
SA=Ut+ Sat?=5t+4.92 .. %
For B, take upwards as the positive direction.
1
sg=u t+ sat?=18t- 4.9¢
Syt Sy =46

5t + 4.9 + 18t— 4.9€ = 46
23t=46=>t=2

Subditute into %

S,=5x2+49x2=296
The distance of the point wheA andB collide from the point wherA was thrown is 30 m (2 s.1
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Question:

A ball is released from rest at a point which is 10 m above a wooden floor. Each time the ball strikes the floor, it
rebounds with three-quarters of the speed with which it strikes the floor. Find the greatest height above the floor reached
by the balla the first time it rebounds from the flob the second time it rebounds from the fl

Solution:

a
Find the speed,,usay, immediately before the ball strikes the floor.

u =0,a=98,s=10,v=uy;
V2
U =02+2x9.8x10 =196

u; =\196 =14

The speed of the first rebound, say, is given by

—u?+2a s

u, =

3
" x 14 = 10.5

A~ lw

u2 =
Find the maximum heighby, say, reached after the first rebound.

u =105,v=0,a= -9.8,s=h;

2

vV =ul+2a s

10.%
2%x98

=5.625

02 =10.#-2x9.8xh = h, =

The greatest height above the floor reached by the ball the first time it rebounds from the floor is 5.6 m (2 s.f.).

b
Immediately before the ball strikes the floor for the second time, its speed isiagal®.5.

The speed of the second reboungsay, is given by
3 3
;= Ju,= 7 x10.5=7.875

Find the maximum heighk, say, reached after the second rebound.

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

u =7875,v=0,a= —9.8,s:h2
v =u?+2a s

02 =7.878-2x98xh, > h,= 2% 3164

The greatest height above the floor reached by the ball the second time it rebounds from the floor is 3.2
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Question:

A particleP is projected vertically upwards from a podiwith speed 12 m 3. One second aftd has been projected
from O, another particl€ is projected vertically upwards fro@with speed 20 m 1. Finda the time between the
instant thaP is projected fronD and the instant wheld andQ collide, b the distance of the point whelPeandQ collide
from O.

Solution:

a
Take upwards as the positive direction.

For P,
1
s =ut+ Eatz

S =12t-49€ ... ... *

ForQ,

s =ut+ %at2 Q has been moving for one less second tRan
So =20(t-1) -49(t-1) 72

At the point of collisiors, = So -

12t-4.9€=20(t-1) -49(t-1) 2

12t- 4.9€ = 20t - 20 - 4.9¢ + 9.8t - 4.9

24.9

249=178t=>t= 78 - 1.3988 ...~ 1.4

The time between the instant thiats projected fronD and the instant whe andQ collide is 1.4 s (2 s.f.).

b
Substitute fot in *

$=12-492~12x14-49x14=72

The distance of the point wheP andQ collide fromOis 7.2 m (2 s.f.
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Question:
v(ms ') 4

q_---_--_- ]

0 4 12 £(8)

The diagram shows the speed-time graph of the motion of an athlete running along a straight track. For the first 4 s, he
accelerates uniformly from rest to a speed of 9. Fhis speed is then maintained for a further 8 s. Find

a the rate at which the athlete accelerates,

b the total distance travelled by the athlete in

Solution:

9

aa= 7 =2.25

The athlete accelerates at a rate of 2.25 s

b

1
E(a+b) h

= 2 (8+12) x9=90

The total distance travelled by the athlete is S
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Question:

A car is moving along a straight road. WhenO0's, the car passes a poftvith speed 10 m 31 and this speed is
maintained untilt = 30 s The driver then applies the brakes and the car decelerates uniformly, coming to rest at
B whent = 42 s.

a Sketch a speed-time graph to illustrate the motion of the car.

b Find the distance frolA to B.

Solution:
a
v(ms )4

10

o (s)
b

1
s =3 (a+b) h

= ~(30+42) x10=360

The distance frorAtoB is 360 m
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Question:
vims ).

8_ ________

0 20 60 75 HS)

The diagram shows the speed-time graph of the motion of a cyclist riding along a straight road. She accelerates
uniformly from rest to 8 m s1in 20 s. She then travels at a constant speed of 8'ficg 40 s. She then decelerates
uniformly to rest in 15 s. Find

a the acceleration of the cyclist in the first 20 s of motion,

b the deceleration of the cyclist in the last 15 s of motion,

c the total distance travelled in 7!

Solution:

The acceleration of the cyclist is 0.4 m3%

8
ba= Tz (= -053)

8
The deceleration of the cyclistis ~ m $

C
1
s =3 (a+b)h
= 2 (40+75) x8=460

The total distance travelled is 460
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Question:

A car accelerates at a constant rate, starting from rest at a\@widtreaching a speed of 45 km hin 20 s. This speed
is then maintained and the car passes a [B$iminutes after leaving.

a Sketch a speed-time graph to illustrate the motion of the car.

b Find the distance frolA to B.

Solution:
a
45kmh-1= 45%;gooms‘lz 125ms !
3min=180s
yims N4
12.6|----- ; :
/{I ;
/ 5
/ g
0 20 180  t(s)
b

s =3 (a+b)h

= - (160+180) x12.5=2125

The distance frorAtoB is 2125 i
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Question:

A motorcyclist starts from rest at a poibn a straight race track. He moves with constant acceleration for 15 s,

reaching a speed of 30 m &. He then travels at a constant speed of 30 thfer T seconds. Finally he decelerates at a
constant rate coming to rest at a pdin®5 s after he begins to decelerate.

a Sketch a speed-time graph to illustrate the motion.
Given that the distance betwegandF is 2.4 km,

b calculate the time the motorcyclist takes to travel fStoF.

Solution:

a

vims "4

30 f-----

Of415+»<—— T —»=25 »(s)

(a+b) h

N |-

2400 = 5 (T+ (15+T+25) ) x30=15(2F40)

2400

2T+40 = BT =160

160 - 40
T= > =60

The taken to travel frorStoFis (15+ T+ 25) <=10Cs.
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Question:
vims ') a

40

]'ﬁ_ ---------- : 1

1
1
! -
T

0 30 100 s)

A train is travelling along a straight track. To obey a speed restriction, the brakes of the train are applied for 30 s

reducing the speed of the train from 40 m!do 16 m s~ L. The train then continues at a constant speed of 16 hics
afurther 70s. The diagram shows a speed-time graph illustrating the motion of the train for the total period of 100 s. Find

a the retardation of the train in the first 30 s,

b the total distance travelled by the train in 1(

Solution:

16 - 40 24

aa= "5 = - 3 = -0.8

The retardation (deceleration) is 0.8 m%

b The area under the graph is made up of a triangle, with sides 30 x 24, and a rectangle, with sides 100 x 16.
1
s= 5 x30x24+100 x 16 = 360 + 1600 = 1960

The total distance travelled by the train is 196
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Question:

A train starts from a statiox and moves with constant acceleration 0.6 it $or 20 s. The speed it has reached afte
s is then maintained fdr seconds. The train then decelerates from this speed to rest in a further 40 s, stopping ¢
Y.

a Sketch a speed-time graph to illustrate the motion of the train.
Given that the distance between the stations is 4.2 km, find
b the value ofT,

c the distance travelled by the train while it is moving with constant ¢

Solution:

a The speed after 20 s is given by

V =u+at
=0+06x20=12

»ims N4

12f--mnem-

D"‘“ED""‘—I"'— T —"'l""—-ﬂ-[]—"" f{bs}
b

1

S =3 (a+b) h
4200 =5 (T+ (20+T+40) ) x12
4200 = 6 ( 2T+ 60) = 12T+ 360

4200 - 360
T= =~ =320

12

c at constant speed, distance = speed x time

=12 x 32(C = 384(
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The distance travelled at a constant speed is 38
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Exercise D, Question 8

Question:

A particle moves along a straight line. The particle accelerates from rest to a speed of 1hrhSs. The particle the

moves at a constant speed of 10 Tt $or a period of time. The particle then decelerates uniformly to rest. The pe
time for which the particle is travelling at a constant speed is 4 times the period of time for which it is decelerating.

a Sketch a speed-time graph to illustrate the motion of the patrticle.
Given that the total distance travelled by the particle is 480 m,
b find the total time for which the particle is moving,

c sketch an accelerati-time graph illustrating the motion of the parti

Solution:
a Let the time for which the particle decelerate§ Is®conds.
Then the time for which the particle moves at a constant speg@dséecdnds.

yims 4

10 fennmmnnnen

b
1
S = E(a+b) h
480 = (4T+ (15+4T+T) ) x10=5(9T+15)
45T+ 75 =480
480 - 75
T = = =09

The total time for which the particle is moving is
(5T+15) s=(5x9+15) s=60s

10 2
¢ While acceleratinga = - = 3
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10
While deceleratingg = -
a(ms2)4
2
7 [
: a1 60
e —— . =
o 15 : i t(s)
S —
El
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Question:

vims ') a

104+

I A

12 s

% [ R
Ly - = = = -
=

0

A particle moves 100 m in a straight line. The diagram is a sketch of a speed-time graph of the motion of the particle.
The particle starts with speedn s~ 1 and accelerates to a speed 10Tt 51 3 s. The speed of 10 nT $ is maintained
for 7 s and then the particle decelerates to rest in a further 2 s. Find

a the value ofy,

b the acceleration of the particle in the first 3 s of ma

Solution:

a Area = trapezium + rectangle + triangle

100= 3 (U+10) x3+7x10+5 x2x 10

100 = (u+10) +70+ 10

Z(u+10) =100- 70 - 10 =20

2 40
+ = X - = —
u+10=20 3 3
40 10
us= = -10 = 3
10
10 - —
3 20
ba= 3 = 5

20
The acceleration of the particle ms%
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Question:
al(ms =) a
0 g-—
5 10 16
= i - -
0 4 ! [ Hs)
—(},2F - s e

The diagram is an acceleration-time graph to show the motion of a particle. Attithe, the particle is at rest. Sketch
a spee-time graph for the motion of the partic

Solution:

Fromt=0tot=4 v=u+at
=0+08x4=3.2

Fromt=10tot=16 v=u+at
=32-02x6=2

y(ms1) 4}
i 1 e
J R T S s— =,
o 4 10 16 f(s)
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Question:

A motorcyclist Mleaves a road junction at time=t0 s. She accelerates at a rate of 3T ®r 8 s and then maintains the speed she
hasreached. A car Gaves the same road junction as M at timéts. The car accelerates from rest to 30 & 20 s and then
maintains the speed of 30 nT4. C passes Ms they both pass a pedestrian.

a On the same diagram, sketch speed-time graphs to illustrate the moticandf®

b Find the distance of the pedestrian from the road jun

Solution:

aForMv=u+at=0+3x8=24

v(ms1) C

) [ e e e o e 7—;
24 i i

O ] 20 T tis)

b Let Covertake Mat time Tseconds.
The distance travelled by M is given by
1 1
s= (a+b) h=735(T-8+T) x24=12(2T-8)
The distance travelled by i€ given by
1 1
s= S (a+b) h= 7 (T-20+T) x30=15(2T-20)

2

At the point of overtaking the distances are equal

12 (2I-8) =15(2r-20)

24T-96 =307 - 300
6T = 204

204
T = =34

s=12(2T-8) =12(2x%x34-8) =720
The distance of the pedestrian from the road junction is 7
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Question:

A particle is moving on an axf3x. From timet = 0 s to timet = 32 s, the particle is travelling with constant speed 15 m
s~ L The particle then decelerates from 15 ' $o rest inT seconds.

a Sketch a speed-time graph to illustrate the motion of the particle.
The total distance travelled by the particle is 570 m.
b Find the value of.

¢ Sketch a distan-time graph illustrating the motion of the parti

Solution:
a
yims Nt

15

0 32 32+7 ((s)
b

1

S =3 (a+b) h
570 = 2 (32+324T) x15

2 (T+64) =570

570 x 2
15

T =76-64=12

T +64

=76

CAtt=32,5=32x 15 = 480
Att=44,s =480 + area of the triangle

:480+§ x 12 x 15 = 570
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Exercise E, Question 1

Question:

A car travelling along a straight road at 14 m'ds approaching traffic lights. The driver applies the brakes and the car
comes to rest with constant deceleration. The distance from the point where the brakes are applied to the point where the
car comes to rest is 49 m. Find the deceleration of th

Solution:

u =14v=0,s=49,a= ?
V2 =u?+2a s
02 =142+ 2 xax 49

142
a = - = =2
2 x 49

The deceleration of the car2 ms ™2
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Question:

A ball is thrown vertically downward from the top of a tower with speed 6 th $he ball strikes the ground with spe
25m <~ 1 Find the time the ball takes to move from the top of the tower to the g

Solution:

[Take downwards as the positive direct|i|on.

u =6,v=25a=98t= ?

V =u+at
25 =6+ 9.8t
25-6
t = Y =1938..=1.9

The ball takes 1.9 s (2 s.f.) to move from the top of the tower to the g
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Question:

vims 'ya

I

0

The diagram is a speed-time graph representing the motion of a cyclist along a straight roadt Attignehe cyclist i
moving with speedim s~ L. The speed is maintained until timme 15 s, when she slows down with constant
deceleration, coming to rest wht = 23 s. The total distance she travels in 23 s is 152 m. Find the vau.

Solution:
1

s = E(a+b) h

152 = 5 (15+23) = 1
152

u —5—8
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Question:
A stone is projected vertically upwards with speed 21h &ind
a the greatest height above the point of projection reached by the stone,

b the time between the instant that the stone is projected and the instant that it reaches its grea

Solution:

a

[Take upwards as the positive directlbn.

u =21v=0a= -9.8,s= ?
vV =u?+2as

02 =212-2x 9.8 xs
2

s = 2L -25
2x%x9.8

The greatest height above the point of projection reached is 23 m (2 s.f.).

b

u =21,v=0,a= -98,t= ?
Vv =u+at

0 =21-9.38t

21
t =353 =214 .. =21

The time between the instant that the stone is projected and the instant that it reaches its greatest height is
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Question:

A train is travelling with constant acceleration along a straight track. Atttimes, the train passes a potravelling
with speed 18 ms1. At timet = 12 s, the train passes a potravelling with speed 24 ms'. At timet = 20 s, the
train passes a poi. Find

a the speed of the train

b the distance frorP to Q.

Solution:

aFromOtoP

u =18,v=24t=12,a= ?
Vv =u+at

24 =18 + 12a
_24-18 _ 1

a =" T3

FromOtoQ

u =18t=20a= %,v= 2
V =u+at

:18+%><20228

The speed of the train §is 28 ms™ 1,

b FromPtoQ

u =24v=28,t=8,s= ?
u+v
s = ()t

y 24;28) X 8 = 208

The distance frorP to Q is 208 m
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Question:

A car travelling on a straight road slows down with constant deceleration. The car passes a road sign with speed 40 km
h~1and a post box with speed of 24 ki h The distance between the road sign and the post box is 240 m. Find, in m
s~ 2, the deceleration of the ¢

Solution:
40 x 1000 100
~1 — 40x100C -1_ 100 -1
40 km h 3600 MS g MS
24 x 1000 20
-1 - £ -1_ £ -1
24 kmh 3600 MS 3 MS
100 20
= — y= — g= = 2
u 9,v 3,5 240a
vV=u?+2as
20 100
(?)2: ?)2+2xax240
(@)2_(1_00)2
a= ( 3 9 ) = -0.1646 ...
2 x 240

The deceleration of the car0.165ms~2(3 d.p.)
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Question:

A skier is travelling downhill along a straight path with constant acceleration. At tin@est she passes a pointvth speed
6 m s~ L. She continues with the same acceleration until she reaches a pdihtdpeed 15 msL. At B, the path flattens o
and she travels from ® a point Cat the constant speed of 15 m’s It takes 20 s for the skier to travel fromidC and the
distance from Ao Cis 615 m.

a Sketch a speed-time graph to illustrate the motion of the skier.

b Find the distance from # B.

¢ Find the time the skier took to travel frcA to B.

Solution:

a
v (ms—1) 1

| =

Of¢—T —==—320 — {(s)

b Thedistance from Bo Cis given by distance = speed x time = 15 x 20 =300 (m)
The distance from £o Bis (615-300) m=315m.

Cc
Let Tseconds be the time for which the skier is accelerating.

s =3 (a+b)h

315 =5 (6+15) T= =T
315x 2

T =X =30

The time the skier took to travel frcAtoBis 30 s
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Question:

A child drops a ball from a point at the top of a cliff which is 82 m above the sea. The ball is initially at rest. Find
a the time taken for the ball to reach the sea,

b the speed with which the ball hits the sea.

¢ State one physical factor which has been ignored in making your calct

Solution:

a

[Take downwards as the positive direct|i|on.

u =0,s=82,a=9.8,t= ?

1
S =ut+ Eatz

82 =0+ 4.9¢
2 = ==1673..
t =\16.73..=4.1

The time taken for the ball to reach the sea is 4.1 s (2 s.f.).

b
u =0,s=82,a=9.8,v= ?

vV =u?+2as
=0%+2x9.8x82=1607.2

vV = \|1607. ~ 40.09

The speed with which the ball hits the sea is 40Th & s.f.).
c Air resistanc
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Question:

A particle moves along a straight line, from a p&rib a pointY, with constant acceleration. The distance fd$to Y is
104 m. The particle takes 8 s to move frdito Y and the speed of the particleYais 18 m s~ L. Find

a the speed of the particle 4

b the acceleration of the particle.

The particle continues to move with the same acceleration until it reaches . gtidt the speed of the particle is thi
times the speed of the particlexat

¢ Find the distancXZ.

Solution:

a

s =104,t=8,v=18,u= ?
u+v

s = > )t
u+18

104 = ( > ) x8= (U+18) 4=4u+72
104 - 72

u = 2 =8

Thespeed of the particle Xtis 8 m s~ 1.

b
=104,t=8v=18,a= ?

R )
s =wv- at
104 :18><8—%a><82:144—32a

144 - 104
== - 1.25

The acceleration of the particle is 1.25 m%

c FromXtoZ

PhysicsAndMathsTutor.com
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u =8v=24a=125s=?

v =u?+2as

242 =82+ 2 x 1.25 xs
2 _q2

s = 2-% _s0s
2.5

XZ =204.8m
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Exercise E, Question 10

Question:
A pebble is projected vertically upwards with speed 21 mfsom a point 32 m above the ground. Find
a the speed with which the pebble strikes the ground,

b the total time for which the pebble is more than 40 m above the g

Solution:

a

[Take upwards as the positive directlbn.

u =21,s= -32,a= —-9.8,v= ?
vV =ul+2as
=212+2x (-9.8) x ( -32) =441 +627.2 = 1068.2

v = \|1068.2 =32.68 ...

the speed with which the pebble strikes the ground is 33 f(8 s.f.).

b

40 m above the ground is 8 m above th¢
point of projection.

u =21s=8,a= —-9.8,t= ?
_ 1.2

S =ut+ 2at

8 =21t - 4.9¢

492 -21+8=0

- 2 _ 2 — 4 x X + -
b\ (b2-dac) _ 21+Y (2P-4x49x8) _ 21:(2842 m“:3.86,0.42
o o8 9.8

t=

the pebble is above 40 m between these times; 3.86 — 0.42 = 3.44
the pebble is more than 40 m above the ground for 3.4 s
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Question:

A particleP is moving along the-axis with constant deceleration 2.5 m% At timet = 0's, P passes through the ori
with velocity 20 m s 1in the direction ok increasing. At timé = 12 s,P is at the poinA. Find

a the distanc®A,

b the total distancP travels in 12

Solution:
a
a = -25u=20,t=12,s= ?
s  =ut+ %atz
=20X12—% x 2.5 x 12= 240 - 180 = 60
OA =60m

b The particle will turn round when= 0.

a = -25u=20,v=0,5= ?
v =u?+2a s
02 =20 - 5s= s=80

The total distanc® travelsis (80 + 20)
m = 100 m.
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Question:

A train starts from rest at a statiBrand moves with constant acceleration for 45 s reaching a speed of 25, ifitse
train then maintains this speed for 4 minutes. The train then uniformly decelerates, coming to rest aa station

a Sketch a speed-time graph illustrating the motion of the train FréorQ.
The distance between the stations is 7 km.
b Find the deceleration of the train.

¢ Sketch an accelerati-time graph illustrating the motion of the train fr® to Q.

Solution:
v (ms-1) 4
26 == :
o 45 285 T > r{:}
b
1
S = (a+b) h
7000 =%(240+2854T) x 25
525+T = To2~ =560 > T=35
The deceleration in the last 35 s is givel
the gradient of the line.
=2 5
a= g =77

5
the deceleration of the train 1'; m$

HThe acceleration of the train in the first ‘HO
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||s is given by the gradient of the line. ||

_ B _ 5
a= 45 = 9
_ov A&
a{ms—)
5
o —
E 285 320
e ; =
o 45 : i f(s)
S B __
7
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Question:
vims ') a
2l - .
T -
0 8 20 26 HS)

A particle moves 451 m in a straight line. The diagram shows a speed-time graph illustrating the motion of the particle.
The particle starts at rest and accelerates at a constant rate for 8 s reaching a speest df Zhis speed is then

maintained untilt = 20 s. The particle then decelerates to a speado$™ ! at timet = 26 s. Find

athe value otf,

b the distance moved by the particle while its speed is lesum <~ 1,

Solution:

a
distance = area of triangle + area of rectangle + area of trapezium

451= 5 x8x2u+12x2u+ 5 x (U+2u) X6
=8u+ 24u+9u=41u
451

u =Z=11

b
The particle is moving with speed less tham g™ Yfor the first 4 s.

1
s= EX4><11=22

The distance moved with speed less t11 ms~ lis 22 m
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Question:

A plarticle is moving in a straight line. The particle starts with speed 5haad accelerates at a constant rate of 2 m
gs. Iftotrhen decelerates at a constant rate coming to rest in a further 12 s.

a Sketch a speed-time graph illustrating the motion of the particle.

b Find the total distance moved by the particle during its 20 s of motion.

¢ Sketch a distan-time graph illustrating the motion of the parti

Solution:
a
v (ms1 4 vV =u+at
- v =5+2x8
=21 ms 1

b
distance = area of trapezium + area of triangle

1

1
s= 5 (5+21) x8+ 7 x12x21=104+ 126 =230

The distance moved in 20 s is 230 m.

c After 8 s,s =104
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s(m) !

230

104 |--

0 8 20 t(s)
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Exercise E, Question 15

Question:

A boy projects a ball vertically upwards with speed 10T om a pointX, which is 50 m above the grouriisecond
after the first ball is projected upwards, the boy drops a second balKfrbritially the second ball is at rest. The balls

collide
25 m above the ground. Find the valueT.

Solution:
u =10,s= - 25,a= —-9.8,t= ?
_ 1 0
S =ut+ 2at
-25 =10t - 4.92

492-10t-25=0

10 +\ (1P + 4 x 4.9 x 25)
9.8

t=

U =0,s=25a=9.8¢t=t
_ 1 2
S =ut+ 281

25=49%'2 = t ~2.2587 ...

T =t-t =1240... =1.2s (2s.f)

© Pearson Education Ltd 2C
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Find the time taken by the first ball to
reach 25 m below its point of projection
take upwards as the positive direction.

= 3.4989 ...

[The negative solution is not possille.

Find the time taken by the second ball t
reach 25 m below its point of projection
Take downwards as the positive directign.
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Question:

A car is moving along a straight road with uniform acceleration. The car passes a checkwitirgp®ed 12 m st and another
check-point Cwith speed 32 msL. The distance betweenahdC is 1100 m.

a Find the time taken by the car to move frornoAC.
Given that Bis the mid-point of AC

b find the speed with which the car pasB.

Solution:

a

u =12yv=325=1100t= ?
u+v

s = (5 )t

1
1100 = 5 (12 +32) t=22t

1100

t= ?:50

The time taken by the car to move fronto®Cis 50 s.

b

From Ato C

u =12v=32s=1100a= ?
VvV =uP+2as

322 =122 + 2a x 1100
a =¥ _qg4
2200

From Ato B

u =12s=550a=04y= ?
vV =u’+2as
=122+ 2x0.4%x550=584= v=24.166 ...

The car passeC with spee24.2ms~1(3s.f)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Kinematicsof a particle movingin astraight line
Exercise E, Question 17

Question:

A particle is projected vertically upwards with a speed of 30 thfsom a pointA. The pointB is h metres abovA. The
particle moves freely under gravity and is abB for a time 2.4 s. Calculate the valueh.

Solution:
To find greatest height reached take
upwards as the positive direction.

u =30,v=0a= -9.8,5s=H /F‘\“

V2 =ul+2as

02 =30°-2x9.8 xH

H = 2 ~45018...
2x%x9.8

| N e

L
|
B'Drns-1T x.i

2.4
By symmetry, the particle takeg™ = 1.2 s to fall the distancex,sagm the highest point to a poihtm above the

point of projection.

Take downwards as the positive direction.
u =0t=12,a=9.8,s=x

s =ut+ ar

X =0+4.9x1.2=7.056

From diagram,

h =H - x=45.918- 7.056 = 38.862
h =39 (2sf.)
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Exercise E, Question 18

Question:

f2

Two carsA andB are moving in the same direction along a straight horizontal road. At tn@e they are side by side,
passing a poind on the road. Cah travels at a constant speed of 30 mtsCarB passe® with a speed of 20 ms!,

ard has constant acceleration of 4 m%sFind
a the speed oB when it has travelled 78 m fro®,
b the distance fro® of AwhenB is 78 m fromO,

c the time wheiB overtake:A.

Solution:

a

u =20,a=4,s=78,v= ?

v =ut+2as
=20°+2 x 4 x 78 = 1024

v =\|1024=32

The speed oB when it has travelled 78 mis 32 m &

b

v =32,u=20,a=4,t= ?
Vv =u+at
32-20 _

32 =20+4t > t= — > =3

For A, distance = speed x time

s=30x3=90

The distance fron® of A whenB is 78 m fromO is 90 m.

c At timet seconds, foA, s= 30t

1
forBs=u t+ Sat? =20t + 2t2

PhysicsAndMathsTutor.com

Find time for Bto reach the point 78 m
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20t + t2 = 30t
t2-10t =t(t-10) =0

For overtaking > 0,t = 10
B overtake<A 10 s after passirO.
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Kinematicsof a particle movingin astraight line
Exercise E, Question 19

Question:

A car is being driven on a straight stretch of motorway at a constant speed of 34 when it passes a speed
restriction signSwarning of road works ahead and requiring speeds to be reduced to 22 he driver continues at

her speed for 2 s after passiBgShe then reduces her speed to 22hwith constant deceleration of 3 m 4 and
continues at the lower speed.

a Draw a speed-time graph to illustrate the motion of the car after it fasses

b Find the shortest distance before the road workstkhaould be placed on the road to ensure that a car driven in this
way has had its speed reduce22 m <~ 1 by the time it reaches the start of the road w

Solution:

a
To find time decelerating.

u =34,v=22,a= -3t=7?
V =u+at
34-22

22 =34-3t => t= 3 =4
v(ms1) 4
34 e
v E_______:‘_-'T?:-.I—
0 2 6 ((e)

|distance = rectangle + trapezilim

s =34x2+3 (22+34) x4
= 68 + 112 = 180

Distance required is 180

© Pearson Education Ltd 2C
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Kinematicsof a particle movingin astraight line
Exercise E, Question 20

Question:

A train starts from rest at statiénand accelerates uniformly ak & s~ 2 until it reaches a speed of 30 m% For the
next

T seconds the train maintains this constant speed. The train then retards unifarmlg 2 until it comes to rest at a
stationB. The distance between the stations is 6 km and the time takeAfi@Biis 5 minutes.

a Sketch a speed-time graph to illustrate this journey.
40
b Show that’~ +T = 300.

¢ Find the value oT and the value of.
d Calculate the distance the train travels at constant speed.

e Calculate the time taken from leaviA until reaching the point heway between the statiol

Solution:

a
v (ms—1) 1

30| -----s

P

O+t »=+—T—=+——300 f{rs],

b
Acceleration is the gradient of a line.

t, + T+t,=300

10 30 40 .
-~ +T+ 7 =300 = - +T=2300, as required

X X
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1
cs= 3 (a+b)h

1
6000 = 5 (T+300) x30=13 + 4500

6000 - 4500
15 -

Substitute into the result in part b

%+1oo: 300 = % = 200

40
X = 0 - 0.2

d at constant speed, distance = speed x time = 30 x 100 = 3000 (m)
The distance travelled at a constant speed in 3 km.

10 10
1 X 0.2

)

1
while accelerating, distance travelled (s 2 x 50 x ?0 m =750 m

To reach half way, the train must travel 2250 m at a constant speed.

distance 2250

at constant speed, time Sopeed 30 ST 75s

Time for train to reach heway is (50+ 75) s=12Es.
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Dynamics of a particlemoving in a straight line
Exercise A, Question 1

Question:
Remember thag should be taken as 9.8 nT$.

Find the weight in newtons of a particle of mass -

Solution:
W=m g=4x9.8=39.2
The weight of the patrticle is 39.2

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 2

Question:

Find the mass of a particle whose weight is 4¢

Solution:

W=m g so 490 =mx 9.8

490
= = —— =
m o8 50

The mass of the particle is 50

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 3

Question:

The weight of an astronaut on the Earth is 686 N. The acceleration due to gravity on the Moon is approximately 1.6 m
s~ 2. Find the weight of the astronaut when he is on the \

Solution:

WeARTH =™ 9eaRTH
so, 686 =mx 9.8

=>m =70 i.e. the mass of the astronaut is 70 kg

Wmoon =™ 9vioon
=70x1.6
=112

The weight of the astronaut on the Moon is 11

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 4

Question:

Find the force required to accelerate a 1.2 kg mass ata 3.5ms~2

Solution:

F =m a
=1.2x35
=4.2

So the force required is 4.2

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 5

Question:

Find the acceleration when a particle of mass 400 kg is acted on by a resultant force

Solution:

F =m a
120 = 400a
a =0.3

The acceleration i0.2 m <~ 2

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 6

Question:

An object moving on a rough surface experiences a constant frictional force of 30 N which decelerates it at a rate of
1.2m ¢~ 2 Find the mass of the obje

Solution:
F =m a
30 =1.2m
m =25

The mass of the object is 25

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 7

Question:

In each of the following scenarios, the forces acting on the body cause it to accelerate as shown. Find the magnitude of
the unknown force® andQ.

a b C
S P 10N 6ms?
# —»
] 2
SmS,'T 2kg Emsi 4kg
l 4iN€—— 5kg —>P
v
2gN 4gN
v
S5gN
Solution:
a
R(1t), P-29=2x3 |Always resolve in the direction of the acceleratjon.
P =25.6

The magnitude dP is 25.6 N.

b

R(l ), 49+ 10-P =4 x 2
49.2 -P =8

P =41.2

The magnitude oP is 41.2 N.

c

R(— ), P-4 =5x%x6

P = 34

The magnitude oP is 34 N.

R(1), Q-5g=5x0 No acceleration verticallﬂ'.
Q = 49

The magnitude of is 49 N.

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 8

Question:

In each of the following situations, the forces acting on the body cause it to accelerate as shown. In each case find the
mass of the bodym.

a b C
10N 20N 10N 8N

Sms "i m 2 ms .T i 0.5 ms zi i
v v l

mg N mgN mg N

Solution:

a
R(] ), mg-10=mx5

9.8m- 10 =5m
4.8m =10
m =21 (2s.f.)

The mass of the body is 2.1 kg (2 s.f.).

b

R(1T), 20-m g =mx2

20 - 9.8m =2m

20 =11.8m

m =17 (2s.f.)

The mass of the body is 1.7 kg (2 s.f.).

Cc

R(| ), mg+8-10 =mx 0.5
9.8m- 2 =0.5m

9.3m =2

m =0.22 (2s.f.)

The mass of the body is 0.22 kg (2 ¢

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 9

Question:

In each of the following situations, the forces acting on the body cause it to accelerate as shown with raagnitude
s~ 2. In each case find the valueaf

a b C
BN 100N 30N 20N
'y 'y A &
a i 2kg a T 8kg a T 4kg
v v v
2gN 8z N 4gN
Solution:

a
R(| ), 20-8 =2a

196 -8 =2a
11.6 =2a
5.8 =a

The acceleration of the body is 5.8 m%

b
R(1), 100 - 8g = 8a
100 - 78.4 = 8a
21.6 = 8a
2.7 —a

The acceleration of the body is 2.7 m%

C
R(1), 30+20-4g=4a

50 - 39.2 =4a
10.8 = 4a
2.7 =a

The acceleration of the body2.7 m =2,

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise A, Question 10

Question:
The diagram shows a block of mass 4 kg being lowered vertically by a rope.

a
T
'

4kg

v
4o
Find the tension in the rope when the block is loweradth an acceleration of 2 m's, b at a constant speed of 4 m

g1
c with a deceleration (0.5 m <~ 2.

Solution:
a
R(| ), 49-T =4x%x 2 r
39.2-T =8
T =31.2
4 kg ‘ 2
l v
4g
The tension in the rope is 31.2 N.
b
R(CL) ., 4g-T =4x0 Constant speed> zero acceleratio”u.
39.2 =T
-
4 kg ‘ 0
v

4g
The tension in the rope is 39.2

PhysicsAndMathsTutor.com
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c
R(J]),40-T =4x%x -0.5
39.2-T = -2
T =41.2

The tension in the rope is 41.2

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise B, Question 1

Question:

A ball of mass 200 g is attached to the upper end of a vertical light rod. Find the thrust in the rod when it raises the ball
vertically with an acceleration 1.5m s~ 2

Solution:
R T

T-1.96 =0.3

=226=223 .
T (2sf.) @

The thrust in the rod is 2.3 N (2 s.f.).

1.5

—_—

Y
02g
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Dynamics of a particlemoving in a straight line
Exercise B, Question 2

Question:

A small pebble of mass 50 g is dropped into a pond and falls vertically through it with an acceleration of 2.8 m s
Assuming that the water produces a constant resistance, find its may

Solution:
R(/| ) ,0050-R =0.05x%28 R
R =0.35

The resistance of the water is 0.35 N.

@ | 2.5
Y

0.05g
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Dynamics of a particle movingin a straight line
Exercise B, Question 3

Question:

A lift of mass 500 kg is lowered or raised by means of a metal cable attached to its top. The lift contains passengers whose
total mass is 300 kg. The lift starts from rest and accelerates at a constant rate, reaching a speedaft& meving a

distance of 5 m. Find

a the acceleration of the lift,

b the tension in the cable if the lift is moving vertically downwards,

c the tension in the cable if the lift is moving vertically upwe

Solution:

au=0,v=3,s=5,a="?

v =u?+2as

32 =0%2+2ax5
9 =10a
a =0.9
The acceleration of the lift is 0.9 nT €.
b
R(| ), 800g-T =800x0.9 I
7840 -T =720 T
T =7120
The tension in the cable is 7120 N. 800 kg \L 0.9
W
800 g
C
R(1),T-800g=800x0.9 T
T - 7840 =720 T
T = 8560 %
The tension in the cable is 8560 N. A
800 kg ‘ 0.9
800 g
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Dynamics of a particlemoving in a straight line
Exercise B, Question 4

Question:

A block of mass 1.5 kg falls vertically from rest and hits the ground 16.6 m below after falling for 2 s. Assuming that the
air resistance experienced by the block as it falls is constant, find its mag

Solution:
u=0,s=166,t=2,a= ?

1
S :ut+5at2 (1)

16.6 =0+ %aXZZ

a =83
R(J]), 150-R=15x8.3 R
R =2.25 T
The magnitude of the air resistance is 2.25 |
83
15k
9y
15¢g
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Dynamics of a particlemoving in a straight line
Exercise B, Question 5

Question:

A trolley of mass 50 kg is pulled from rest in a straight line along a horizontal path by means of a horizontal rope
attached to its front end. The trolley accelerates at a constant rate and after 2 s its speedisAsrit moves, the
trolley experiences a resistance to motion of magnitude 20 N. Find

a the acceleration of the trolley,

b the tension in the rog

Solution:

au=0,v=1,t=2,a="?

\Y =u+at
1 =0+ax?2
=>a =0.5

The acceleration of the trolley is 0.5 Mm%

b

R(— ), T-20=50x%0.5 0.5
—

T =45

The tension in the rope is 45 N. 20 +—— 50kg — T
O O
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Dynamics of a particlemoving in a straight line
Exercise B, Question 6

Question:

A trailer of mass 200 kg is attached to a car by a light tow-bar. The trailer is moving along a straight horizontal road and

decelerates at a constant rate from a speed of 15 Hosa speed of 5 mslin a distance of 25 m. Assuming there is no
resistance to the motion, find

a the deceleration of the trailer,

b the thrust in the to-bar

Solution:

au=15,v=5,s=25,a= ?

V2 =uw+2as (—)

52 =15 +2ax 25

25 =225 + 50a

- 200 =50a

a = -4
The deceleration of the trailer is 4 m%
b

R(— ), -T=200x -4 I

T =800 i
The thrust in the tow-bar is 800 N. 200 kg i

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise B, Question 7

Question:
A woman of mass 60 kg is in a lift which is accelerating upwards at a rate of Zm s

a Find the magnitude of the normal reaction of the floor of the lift on the woman.
The lift then moves at a constant speed and then finally decelerates to rest at 5 m s

b Find the magnitude of the normal reaction of the floor of the lift on the woman during the period of deceleration.

¢ Hence explain why the woman will feel heavier during the period of acceleration and lighter during the period of
deceleratior

Solution:
a
R(1), R-60g=60x2 R
R - 588 =120 i
R =708 ‘ A
! 2
b
60 g
The normal reaction on the woman has magnitude 708 N.
b
R(1), R-60g=60x —-15 R
R - 588 = - 90 A
R = 498 \ i

60 g

The normal reaction on the woman has magnitude 498 N.

¢ The woman's sense of her own weight is the magnitude of the force that she feels from the floor i.e. the normal
reaction. This is ‘usually’ 69i.e. 588 N but when the lift is accelerating upwards it increases to 708 N i.e. she feels
heavier and when the lift is decelerating upwards it decreases to 498 N i.e. she feel

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercise B, Question 8

Question:

The engine of a van of mass 400 kg cuts out when it is moving along a straight horizontal road with speed. T s
van comes to rest without the brakes being applied.

In a model of the situation it is assumed that the van is subject to a resistive force which has constant magnitude of 200
N.

a Find how long it takes the van to stop.
b Find how far the van travels before it stops.

¢ Comment on the suitability of the modelling assump

Solution:

a

R(— ), -200=400a —>>a

—a = -05 400 kg 200

u=16,v=0,a= -05,t?

v =u+tat (-)
0 =16-0.5t

0.5t =16

t =32

It takes 32 s for the van to stop.
bu=16,v=0,a= -05,s?
VvV =w+2as (— )
02 =162+2( -0.5)s
0 =256 -s

s =256
The van travels 256 m before it stops.

c Air resistance is unlikely to be of constant magnitude. (It is usually a function of
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Dynamics of a particlemoving in a straight line
Exercise B, Question 9

Question:

Albert and Bella are both standing in a lift. The mass of the lift is 250 kg. As the lift moves upward with constant
acceleration, the floor of the lift exerts forces of magnitude 678 N and 452 N respectively on Albert and Bella. The
tension in the cable which is pulling the lift upwards is 3955 N.

a Find the acceleration of the lift.
b Find the mass of Albert.

¢ Find the mass of Bell

Solution:
a
R — 2504 [IPraw a diagram showing the forces acting an th
(1) ,3955-678 -452 - 250¢g LIFT only.
375 = 250a
a =15 3955
The acceleration of the lift upwards is 1.5 | T
s™2
A
‘ 5
678 452
250 g
b
R(1),678-Myg =M, x15 Draw a diagram showing the forces acting on
678 =11.3M, ALBERT only.
My =60 678
The mass of Albert is 60 kg. T

Bl
'

Mag

‘Draw a diagram showing the forces acting an H

PhysicsAndMathsTutor.com
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R(1),452-Mgg =Mgx 15 [BELLA only. ||
452 =11.Mg
452
Mg =40 T
The mass of Bella is 40 kg.
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Dynamics of a particlemoving in a straight line
Exercise B, Question 10

Question:

A small stone of mass 400 g is projected vertically upwards from the bottom of a pond full of water with speed 10 m
s~ 1 As the stone moves through the water it experiences a constant resistance of magnitude 3 N. Assuming that the
stone does not reach the surface of the pond, find

a the greatest height above the bottom of the pond that the stone reaches,

b the speed of the stone as it hits the bottom of the pond on its return,

c the total time taken for the stone to return to its initial position on the bottom of the

Solution:

a

R(1t), -3-04g=0.4a

a = -17.3

u=10,v=0,a= -173,s= ?
V2 =u?+2a s (1)

0 =10%+2( -17.3)s

0 =100 - 34.6s

s =289.. =29 (2s.f.) 0.4

The stone rises to a height of 2.9 m (2 s.1.)
above the bottom of the pond.

lp— L.
L]
—
5t}

b
R(|), 04g-3=04a 3
0.92 =0.4a
a =23 |
100 a
u—O,s—(m5 ,a=23,v="? @ v
V2 =u?+2a s (1)
100
Vv =0P+2x23x (3 04g

v =3.646..=3.6 (2s.f.)
The stone hits the bottom of the pond with

speed 3.6 ms1(2s.f).

bl

cu=10,v=0,a= -17.5,t= ?

PhysicsAndMathsTutor.com
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v =u+at (1)
0 =10-17.3t,
10
t = — =
1 1753~ 0.57803 ...
100
u —O,a—2.3,s—(m3 =7
— 1.2
S =ut+ cat (1)
100 _ 1 2
a2 01 3 x23
2 _  _2x100 _
L° = Soeaae = 251319
t, =1.585

t, +1,=0.57803 + 1.585 = 2.16
The total time is 2.16 s (3 s.
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Dynamics of a particlemoving in a straight line
Exercise C, Question 1

Question:
Find the component of each force that acts in

i thex-direction,ii they-direction.

12N

]
L

20°)

i ey _________________h. x
; X
d
YA
BRANE
f 10N
Solution:
a

i12cos 20° =11.3N (3s.f.)

ii12cos 70° =12sin 20° =4.10N (3s.f.)
b

i5cos 90° =0N

ii —5cos 0° = -5N

(or5cos 180 °)

c

i —8cos 50° = -5.14N (3s.f.)

(or8cos 130 °)

ii8cos 40° =6.12N (3s.f.)
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d

i10cos 30° =8.66N (3s.f.)

ii —10cos 60° = -5N

(or 10 cos 120°)

e

i —6cos 50° = -3.86N (3s.f.)
(or6 cos 130 °)

ii —6cos 40° = -460N (3s.f.)
(or 6 cos 140 °)

f

i Fcos 6N

iiF cos (90° —-0) =F sin 6N
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Dynamics of a particlemoving in a straight line
Exercise C, Question 2

Question:
For each of the following systems of forces, find the sum of the components in

i thex-direction,ii they-direction.

a b C
o 8N 3".‘

10N

b

I'N

et

QN ¥

- _________*

Ry
{ =

{

_—————

RN
Solution:

a

i8cos 60° -6=-2N

ii8cos 30° =6.93N (3s.f.)

b

i6cos 40° +5cos 45° + (10cos 90° ) =8.13N (3s.f.)
iil0 (cos 0° ) +6c¢cos 50° —5cos 45° =10.3N (3s.f.)
c

iPcosa+Q( cos 0°) -Rcos (90° —-8)

=P cosa+Q-R sin g

iiP cos (90° —a) —R cos f=P sin a—R cos g
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Dynamics of a particlemoving in a straight line
Exercise D, Question 1

Question:

Each of the following diagrams shows a body of mass 5 kg lying initially at rest on rough horizontal ground. The
1
coefficient of friction between the body and the groungis . In each diaBriarthe normal reaction from the ground

on the body ané is the friction force exerted on the body by the ground. Any other forces applied to the body are as
shown on the diagram. In each case

i find the magnitude df,
ii state whether the body will remain at rest or accelerate from rest along the ground,

iii find, when appropriate, the magnitude of this acceleration.

a b C
R R R
& F 3 &
3N 7N 12N
F Skg —p F S5kg —p F Skg —p
<4 < <
v v v
S5gN S5gN 5N
d e f
? 14N ? 14N ? HlN
. BN s ON 12N
P Skg —» F Skg —» o 5kg —»
< L «
SgN S5gN SgN
g h [
? 141N T 14N ? 14N
AN a SN v BN
F Skg —p F 5kg F—» F S5kg —»
+ + <+
S5gN S5gN SN
] k
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R 14™ R 28N
rF s
"30° ' 30°
S5kg Skg
F F
4 4
v v
S5gN g N
Solution:
a

i
R(1T)R-5g=0
R =5g=49N

1
S Fyax = 7 X49=7N .. F=3N

ii .. F=3N and body remains at rest

b

iFyax = 7N ..F=7N

ii F =7 N and body remains at rest (in limiting equilibrium)
c

iFyax = 7N ..F=7N

ii F =7 N and body accelerates

R(— ),12-7=5a

a =1ms ?

Body accelerates at 1 nT §

d

i

R(1t),R-14-59g=0

R =63 N
1

Fyax = 7 x63=9N . F=6N

ii F = 6 N and body remains at rest

e
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iF=9N

ii F =9 N and body remains at rest in limiting equilibrium
f

iF=9N

ii F =9 N and body accelerates

iii
R(— ), 12-9=5a
a =06ms 2

Body accelerates at 0.6 n $

g

i
R(1)R+14-53=0
R =35N

1
- Fyax = 7 X35=5N..F=3N

ii F = 3 N and body remains at rest

h

iF=5N

ii F =5 N and body remains at rest in limiting equilibrium
[

iF=5N

ii F =5 N and body accelerates

i
R(— ),6-5=5a
a =02ms 2

Body accelerates at 0.2 nT $

j

[

R(1),R+14cos 60° -5g=0

R =42 N

1
S Fyax = 7 x42=6N
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R(— ),l4cos 30° +=5a

Since 14 cos 30° >6

“F=6N

ii F = 6 N and body accelerates

iii

R(— ),l4cos 30° -6=5a

a =1.22ms 2 (3sf.)

Body accelerates at 1.22m $ ( 3s.f.)

k

[

R(1),R+28cos 60° —5g=0

R =35N
. _ 1 _

R( — ),28cos 30° F=5a

Since 28 cos 30° >5
~“F=5N

ii F =5 N and body accelerates

i
R(— ),28cos 30° -5=5a
a =3.85ms 2 (3sf.)

Body accelerates at 3.85m $ (3s.f.)
I

iR( 1T )R-56cos 45° -§=0
..R=886N (3s.f.)

1
< Fyax = 5 % 88.6=12.657 N

R(— ),56cos 45° F
Since 56 cos 45° > 12.657 N

F=Fyax = 12.657 or 12.7 N (3 s.f.)

ii body accelerat
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iii56 cos (45° ) =39.5979

5a = 39.598 - 12.657 = 26.941
a=5.3882

So the acceleration 5.3¢m <=2 (3 s.f.)
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Dynamics of a particlemoving in a straight line
Exercise D, Question 2

Question:

In each of the following diagrams, the forces shown cause the body of mass 10 kg to accelerate as shown alor
horizontal planeR is the normal reaction arkdis the friction force. Find the coefficient of friction in each case.

a b c
R R R
F F 9 F
20N 20N 20V2N
. 10kg 30° . 10kg 60" 4:,\\J 10kg >
ﬁ* . fr‘ \ < F
v hd v
10gN 10gN 10g M
—>> —>> —>
1 ms? 0.5ms™? 0.5ms?
Solution:
a
R(1),R+20cos 60° -10g=0
R =88 N

R( — ),20cos 30° 1 x88 =10x 1
1 =0.083 (2s.f.)

b

R(1),R+20cos 30° - 10g=0
R =80.679... N

R( — ),20cos 60° — x 80.679=10 x 0.5
1 =0.062 (2s.f.)

c

R(1),R-20{2 cos 45° - 10g=0
R =118 N

R(— ),20{2 cos 45° -« x 118 =10x0.5
1 =0.13 (2sf.)
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Dynamics of a particlemoving in a straight line
Exercise E, Question 1

Question:

A particle of mass 0.5 kg is placed on a smooth inclined plane. Given that the plane makes an angle of 20° with the
horizontal, find the acceleration of the parti

Solution:
a
I
FE/) ., [0.5g cos 70° =[0.5a Eéf
a :(32?) 2
{}.SlgN

The acceleration of the particle3.35m <~ 2 (3s.f.) .
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Dynamics of a particlemoving in a straight line
Exercise E, Question 2

Question:

The diagram shows a box of mass 2 kg being pushed up a smooth plane by a horizontal force of magnitude 20 N. The plane is

3
inclined to the horizontal at an anglewhere tan &= 2-

Find
a the normal reaction between the box and the plane,

b the acceleration of the box up the pli

Solution:
a
R(~N), R-20cos (90° —u) 3
-29 cos a=0 ana =7
R =20sin a + 19.6 cosa . all 3
=12 + 15.68 siha =5
=27.7N (3s.f.) 4 4
cosa = ¢

Thenormal reaction is 27.7 N (3 s.f.).

b

R(~- ), 20cosa-2g cos (90° -a) =2a

20 cos a — 29 sin «a =2a

a =212ms 2

The acceleration of the box2.12m <~ 2,
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Dynamics of a particlemoving in a straight line
Exercise E, Question 3

Question:

A boy of mass 40 kg slides from rest down a straight slide of length 5 m. The slide is inclined to the horizontal at an
argle of 20°. The coefficient of friction between the boy and the slide is 0.1. By modelling the boy as a particle, find

a the acceleration of the boy,

b the speed of the boy at the bottom of the ¢

Solution:

a

R(~ ), 40gcos 70°
-0.1R

R(~N), R-40gcos 20°
R

Substituting,

392 cos 70 ° - 36.836 =40a 40g
a =243 (3s.f.)

The acceleration of the boy is 2.43 m %(3

s.f).

bu=0,a=243,s=5,u=?

vV =u?+2as

V2 =0%+2%x243x5=243
u =4.93ms-1(3sf.)

The speed of the boy4.9:m <~ 1 (3 s.f)
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Dynamics of a particlemoving in a straight line
Exercise E, Question 4

Question:

A block of mass 20 kg is released from rest at the top of a rough slope. The slope is inclined to the horizontal at an angle

of 30°. After 6 s the speed of the block is 21 mtsAs the block slides down the slope it is subject to a constant
resistance of magnituR N. Find the value cR.

Solution:
N u=0,v=21,t=6,a= ?
R Vv =u+at
as % 21 =0+ 6a
a =35ms 2
ag°
20g

R(~v ), 20g cos 60° - R =20 x 3.5
98 -R =70
R =28N
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Dynamics of a particlemoving in a straight line
Exercise E, Question 5

Question:

A book of mass 2 kg slides down a rough plane inclined at 20° to the horizontal. The acceleration of the book is 1.5 m
s~ 2. Find the coefficient of friction between the book and the

Solution:
R =0
(~N), R-2gcos20°
R =2g cos 20°
R(~< ),
2g cos 70° _
- ux2g cos 20° =2x15
_ 29 cos 70° -3 =0.201
~ 29 cos 20° (3s.f.)

The wefficient of friction is 0.20 (2 s.f.).
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Dynamics of a particlemoving in a straight line
Exercise E, Question 6

Question:

A block of mass 4 kg is pulled up a rough slope, inclined at 25° to the horizontal, by means of a rope. The rope
the line of greatest slope. The tension in the rope is 30 N. Given that the acceleration of the block &fidartise
coefficient of friction between the block and the pl

Solution:

R(~N), R-4gcos25° =0 o S5

R

R =4qg cos 25° s
R(~~ ), 30-4gcos 65° —4x2

—ud4g cos 25° "R rl

22 — 4y cos 65° _ 259

49 cos 25° —H 1
0.15 (2s.f.) =u
The coefficient of friction is 0.15 (2 s.f.). 1
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Dynamics of a particlemoving in a straight line
Exercise E, Question 7

Question:

A parcel of mass 10 kg is released from rest on a rough plane which is inclined at 25° to the horizontal.
a Find the normal reaction between the parcel and the plane.

Two seconds after being released the parcel has moved 4 m down the plane.

b Find the coefficient of friction between the parcel and the

Solution:
a

R _ R

(~N), R—1Ogc0325°_O e

= R
_ o =888N “ f

R=98 cos 25 (3sf.) 2

The normal reaction is 88.8 N (3 s.f.). 1

10g

b
u =0,s=4,t=2,a=?

1
S =ut+ Eatz

4 :0+%a><22

a =2ms” 2

R(~v ), 10g cos 65° —uR =10x 2

ux98 cos 25° 10g cos 65° - 20
_ 98 cos 65° -20
# ~ 98 cos 25°

=0.241 (3s.f.)

The coefficient of friction is 0.24 (2 s.i
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Dynamics of a particlemoving in a straight line
Exercise E, Question 8

Question:

3
A particleP is projected up a rough plane which is inclined at an anglehe horizontal, where tan= 7. The

1
coefficient of friction between the particle and the plang is . The particle is projected from th& wiiinspeed 20 m

s~ land comes to instantaneous rest at the [®int
Lo . . . 13
a Show that whileP is moving up the plane its deceleratiormfs

b Find, to three significant figures, the distardz
c Find, to three significant figures, the time takenRdo move fromA to B.

d Find the speed (P when it returns tA.

Solution:

a
Let mass of particle be.

R(N), R-mgcosa=0

_ 4myg
R - 5
. 1
R(~7~) , —mgsma—gR:ma
_3mg 1 4mg _
s 3>< c =Im a mg
3
_ 1 _ tana = —
15 -a 4
.13 : _ 3
The deceleration is sl = ¢
_ 4
cosa = ¢
b
139
= = = - — = ?
u=20,v =0,a e ST "
V2 =u?+2a s
_ _ 260 _ 6000 _
0 =207 155> 5= 5o =235m (3sf.)

AB=235m (3sf.)

c
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-13g

u=20,v=0,a= 15 =7
V Zu+at
_ _ 3t
0 =20 15
300
t = 13 =2.35s (3s.f.)
d
4m
:Tgasbefore
. 1
R(~v ) , mgsma—gR:ma
3mg 1 4[mg _
s T3 s =[m a
9 _
3 =—a
g 6000
= = = = — = 72
u 0,a 3 S 26 Y
vV =u?+2as
29 6000 4000
2 =0+ — X — = —
ve =0+ 5 269 26

u =124ms-1 (3sf.)

The speed of the particle as it pasA on the way down i12.4m <~ 1 (3 s.f.)
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Dynamics of a particlemoving in a straight line
Exercise F, Question 1

Question:

Two particlesP and Q of mass 8 kg and 2 kg respectively, are connected by a light inextensible string. The patrticles are
on a smooth horizontal plane. A horizontal force of magnifudeapplied tdP in a direction away fror® and when th

string is taut the particles move with acceleration 0.4 s
a Find the value of.

b Find the tension in the strir

Solution:

—= (14
Q F

2 kg 8 kg E

For whole system:

a
R(—): F=(2+8) x04
=4

HenceF is 4 N.

b ForQ:

R(—): T=2x04
=0.8

The tension in the string is 0.8

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercise F, Question 2

Question:

Two bricksP and Q, each of mass 5 kg, are connected by a light inextensible string.mBisdkeld at rest an@ hangs
freely, vertically belowP. A force of 200 N is then applied vertically upward$toausing it to accelerate at 1.2 m%
Assuming there is a resistance to the motion of each of the bricks of madRivdand

a the value oR,

b the tension in the string connecting the bri

Solution:
a
For whole system g 200
R(1T), l T
200 -2R-10g =10 x 1.2
200 -2R-98 =12 Pl 5kg
2R =90
R =45 A
- \ ‘ 1.2
5g
Ri A7
Q| 5kg
Sg
b For Q only:

R(1), T-R-59g=5x1.2
T-45-49 =6
T =100

". The tension in the string is 100 N.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 3

Question:

A car of mass 1500 kg is towing a trailer of mass 500 kg along a straight horizontal road. The car and the trailer are
connected by a light inextensible tdvar. The engine of the car exerts a driving force of magnitude 10 000 N and
and the trailer experience resistances of magnitudes 3000 N and 1000 N respectively.

a Find the acceleration of the car.

b Find the tension in the tc-bar

Solution:

roT
500 kg M 10 000N

- _—

1000 3000

a For whole system:

R(— ), 10000 - 1000 - 300G 2000a
a =3

The acceleration of the car is 3 fifs

b For trailer:

R(— ), T-1000 =500 x 3
T = 2500

The tension in the tc-bar is 2500 M
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Dynamics of a particlemoving in a straight line
Exercise F, Question 4

Question:

Two particlesA and B of mass 4 kg and 3 kg respectively are connected by a light inextensible string which pass
small smooth fixed pulley. The particles are released from rest with the string taut.

a Find the tension in the string.
WhenA has travelled a distance of 2 m it strikes the ground and immediately comes to rest.

b Assuming thaB does not hit the pulley find the greatest height B reaches above its initial positir

Solution:
a
ForA: R(| ), 4g-T=4a
1)
ForB: R(1t), T-3g=3a
(2) U
(1) + _
=7a
(2): 49-3g
1 _
79 -a
. T A AT
i.e. a =14ms 2 i
n
. _ 39 a|l Aldg 3g)B| a
T =3g+ - E A
= 336N i
(3s1) PRy
I

The tension in the string is 33.6 N (3 s.f.).

5
bForA: (| ) u=0,s=2,a= 7 ,v= "7
vV =u+2as
5
V2 :OZ+ (2)( ; X2)
_ 4
7
4
ForB: (1) uw= — ,v=0,a= -g,s=?
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v =u?+2as
2
0 = @—Zﬁs:sz -

2
. Height above initial positionis 2 m.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 5

Question:

Two particlesA and B of mass 5 kg and 3 kg respectively are connected by a light inextensible string. RdigElen a
rough horizontal table and the string passes over a small smooth pulley which is fixed at the edge of the tabR. Particle
hangs freely. The coefficient of friction betwe&mand the table is 0.5. The system is released from rest. Find

a the acceleration of the system,
b the tension in the string,

¢ the magnitude of the force exerted on the pulley by the ¢

Solution:
R
|
- T T
5 kg
05R ¢ .
ol AT
a
B‘ a
5 kg
| Y
3g
aFor A:
R(1).,R-59=0
R =49
R(— ), T-05R=5ba
i.e.T—-245 =ba (1)

ForB: R(] ), 3g-T=3a
294 -T =3a (2)

(1) + (2) : 29.4-245=8a

4.9 = 8a
0.6125 =a

The acceleration of the systen0.61m<~2 (3s.f.) or0.61ms~2 (2s.f.) .
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T-245 =5x0.6125
T = 27.5625

The tension in the string is 27.6 N (3 s.f.) or 28 N (2 s.f.).

c

By Pythagoras, T
F2=T2+ 712 = 272 ‘ 45°
F =M2
=38.979 ... 45°
T

The magnitude of the force exerted on the pulley is 39 N (2 s.f.) or 39.0 N |
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Dynamics of a particle movingin a straight line
Exercise F, Question 6

Question:

Two particles PandQ of equal mass are connected by a light inextensible string. The string passes over a small smc
which is fixed at the top of a smooth inclined plane. The plane is inclined to the horizontal at anvamgfle tan = 0.75.
Particle Pis held at rest on the inclined plane at a distance of 2 m from the pulleyzanth® freely on the edge of the plane
at a distance of 3 m above the ground with the string vertical and taut. Particleldased. Find the speed with which it hits
the pulley

Solution:
tan =3
a a= 7
5 3
4
sin -3
“= 5
_ 4
CoS a = s

ForP: R(~-7 ), T-mgsina =ma

T—ngg=ma (1)

ForQ: R(]J), mg-T=ma (2)

(1) +(2) : [mg- 3L =om

9 -
5 =a

1
RS

g
ForPu=0,a= 5 ,S=2,V

v =u?+2as
2
v =02+ ?gxz
4 _
v :\I?g:Z.Sms 1

P hits the pulley with spee2.€ m <~ 1.
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Dynamics of a particlemoving in a straight line
Exercise F, Question 7

Question:

Two particlesP and Q of equal mass are connected by a light inextensible string. The string passes over a small smooth
pulley which is fixed at the top of a fixed wedge. One face of the wedge is smooth and inclined to the horizontal at an
angle of 30° and the other face of the wedge is rough and inclined to the horizontal at an angle of 60P estare

the rough face and partiolglies on the smooth face with the string connecting them taut. The coefficient of friction
betweerP and the rough face is 0.5.

a Find the acceleration of the system.

b Find the tension in the strir

Solution:
s
/a,-“’?R T \a
-
kY
Q g
mg mg
a
ForQ:R(— ), T-mgcos60°=ma ForP:R(~” ), S=mg cos 60°

(1)

R(N), mgcos30°—%S—T:ma

mgc0330°—%mgcos 60° -T =m a ()

(1) +(2) : moB-3m¢ o Joos 300 =8 cos 60° =L

4 2 2

g3(2\1_3—3) =a

. The acceleration of the system is 0.569 ¢ g 3 s.f.)
or0.57ms 2 (2s.f.)

b From (1),

T

%m g+ %(2‘{_3—3)

= (1+23)
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The tension in the string 'rgs—g ( 1 +|_2\% - Orb6g .
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Dynamics of a particle movingin a straight line
Exercise F, Question 8

Question:

A van of mass 900 kg is towing a trailer of mass 500 kg up a straight road which is inclined to the horizontal at an angle o
where tan o= 0.75. The van and the trailer are connected by a light inextensible tow-bar. The engine of the van exerts a
driving force of magnitude 12 kN and the van and the trailer experience resistances to motion of magnitudes 1600 N and 600
N respectively

a Find the acceleration of the van.

b Find the tension in the t¢-bar

Solution:
a
3
tan a = 0.75 = 2
5 3
4
: _ 3
sin a = s
_ 4
COoS a = s

Forwhole system:

R( 7 ) ,12000 - 1600 — 600 — 1400gsin = 1400a

9800 - 1400gsina = 1400a
7 -5.88 =¥
1.12 =¥

The acceleration of the van is 1.12 m%

b For trailer:

R( ), T-600-50@sin a =500 x 1.12
T - 600 - 2940 = 560
T = 4100

The tension in the tc-bar is 4100 M
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Dynamics of a particlemoving in a straight line
Exercise F, Question 9

Question:

Two particlesP and Q of mass 2 kg and 3 kg respectively are connected by a light inextensible string. The string passes
over a small smooth pulley which is fixed at the top of a rough inclined plane. The plane is inclined to the horizontal at
an angle of 30°. Particl is held at rest on the inclined plane &tiangs freely on the edge of the plane with the string
vertical and taut. Particle is released and it accelerates up the plane at 2.53rFnd

a the tension in the string,

b the coefficient of friction betwee and the plane,

c the force exerted by the string on the pu

Solution:

aForP:
R(~), R-2gcos 30° =0 oS 300:E
R =g(3 2
R(7), T-ug(3-2gcos 60° =2x25 cos 60° =1
2
T-ug3-g =5 (1)
ForQ:R( ] ) ,3g-T =3x%x25
3g-T =75 2)
S T=219
The tension is 21.9 N.
b
(1) +(2) 2g-ug(3 =125
ug\3 =71
7.1
U =G =0.418 (3s.f.) or0.42 (2s.f.)

The coefficient of friction is 0.42 (2 s.i
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F =2T cos 30°
=43.8cos 30°
=379N (3s.f.) or38N (2s.f.)

The force exerted by the string on the pulley is 38 N (2
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Dynamics of a particlemoving in a straight line
Exercise F, Question 10

Question:

A car of mass 900 kg is towing a trailer of mass 300 kg along a straight horizontal road. The car and the trailer are

connected by a light inextensible tow-bar and when the speed of the car is28ima brakes are applied. This prodt
a braking force of 2400 N. Find

a the deceleration of the car,
b the magnitude of the force in the tow-bar,

c the distance travelled by the car before it s

Solution:
—» 3
r T
300 kg 900 kg 2400
a For whole system:
R(— ), - 2400 = 120G
a = -2

The deceleration of the car is 2 m%

b For trailer:

R(—),-T=300x -2
> T = 600

The thrust in the tow-bar is 600 N.

cu=20,a= -2,v=0,s=?
V2 :u2+2as(—>),
02=20?+2(-2)s

0 =400-4s

s =100

The car stops in 100
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Dynamics of a particlemoving in a straight line
Exercise G, Question 1

Question:

A ball of mass 0.5 kg is at rest when it is struck by a bat and receives an impulse of 15 N s. Find its speed immediately
after it is struck

Solution:
(—): o)
15 =0.5v
30 =v 15
Itsinitial speed is 30 m's 1
—
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Dynamics of a particlemoving in a straight line
Exercise G, Question 2

Question:

A ball of mass 0.3 kg moving along a horizontal surface hits a fixed vertical wall at right angles with speed 3.5 m's
The ball rebounds at right angles to the wall. Given that the magnitude of the impulse exerted on the ball by the wall is
1.8 N s, find the speed of the ball just after it has hit the
Solution:

(<): 3.5

1.8 =0.3(v- -3.5)

—
6 =v+35 @ 18
25 =v

The bdl rebounds with speed 2.5 ni's- =
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Dynamics of a particlemoving in a straight line
Exercise G, Question 3

Question:

A ball of mass 0.2 kg is dropped from a height of 2.5 m above horizontal ground. After hitting the ground it rises to a
height of 1.8 m above the ground. Find the magnitude of the impulse received by the ball from thi

Solution:

u=0,a=g,s=25,v=? ul

V2 =u?+2a s (1)

VvV =0°+2x9.8x%x25 gE'
= 49

v =7 (not—-7) V! |

(1):v=0,a= -g,s=18,u=? DT
v =u?+2as
02=u?+2(-98) x1.8 gé

u? =35.28
u

u =594 (not-594) .

Take downwards as positive.

(1) :1=02(594-7) 59k
= —2.588 '

The magnitude of the impulse on the ball is
2.59 N s (3 s.f.). '
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Dynamics of a particlemoving in a straight line
Exercise G, Question 4

Question:

A ball of mass 0.2 kg, moving along a horizontal surface, hits a fixed vertical wall at right angles. The ball rebounds at
right angles to the wall with speed 3.5 mls Given that the magnitude of the impulse exerted on the ball by the wall is
2 N s, find the speed of the ball just before it hit the

Solution:

(< ):

2 =02(35- -u)
10 =3.5+u

u =6.5

The peed of the ball before it hits the wall i:
6.5ms L.

I

® |
W\E:F\?m

()

5
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Dynamics of a particlemoving in a straight line
Exercise G, Question 5

Question:

A toy car of mass 0.2 kg is pushed from rest along a smooth horizontal floor by a horizontal force of magnitude
1.5 s. Find its speed at the end of the 1

Solution:

F t =mv-mu
04x15=02-0)
0.6 =0.2v

3 =v

The speed of the toy car3m ¢~ L,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 1

Question:

A particleP of mass 2 kg is moving on a smooth horizontal plane with speed 4nitscollides with a second particle
Q of mass 1 kg which is at rest. After the collis®as speed 2 mstand it continues to move in the same direction.
Find the speed Q after the collisior

Solution:

Conservation of Momentum & ) 4 D

(2x4) + =(2x2) +

@

8 =4 +v

4 =V — o
i W

The speed cQis4ms~1
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Dynamics of a particlemoving in a straight line
Exercise H, Question 2

Question:

A railway truck of mass 25 tonnes moving at 4 m'sollides with a stationary truck of mass 20 tonnes. As a result of
the collision the trucks couple together. Find the common speed of the trucks after the «

Solution:

Conservation of Momentum & )
(4%x25) + (20%x0) =45v

100 = 45v
20 _
9 =V

2
The common speed of the trucks ig 2 mis
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Dynamics of a particlemoving in a straight line
Exercise H, Question 3

Question:

ParticlesA andB have mass 0.5 kg and 0.2 kg respectively. They are moving with speeds Bl m
s~ Irespectively in the same direction along the same straight line on a smooth horizontal surface when they collide.
Atfter the collisionA continues to move in the same direction with sp4 m <~ 1. Find the speed B after the collisior

Solution:
Conservation of Momentum & ) 5 2
(0.5x5) + = (05x%x4) +
(0.2x2) (0.2 xv)
25+0.4 =2.0+0.2v 02)
0.9 =0.2v —> —
45 =y A v

The speed cB after the collision i4.5m <~ 1,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 4

Question:

A particle of mass 2 kg is moving on a smooth horizontal plane with speed 4.t sollides with a second particle of
mass 1 kg which is at rest. After the collision the particles join together.

a Find the common speed of the particles after the collision.
b Find the magnitude of the impulse in the collis

Solution:

a
Conservation of Momentum & )
(2x4) + (1x0) =3v

5
o o
8 = 3v |

=V

w |

2
The common speed of the particles i 2 s

()

2
bFori1kg: |, — l=1xv=27;ms !
v ) ’

2
The impulse in the collision is 2 meNs.

[For2kg: (<« ) I =2( -v—- —-4)

2
=2 —25 +4)
1
=2x13 =23 ]
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Dynamics of a particlemoving in a straight line
Exercise H, Question 5

Question:

Two particlesA and B of mass 2 kg and 5 kg respectively are moving towards each other along the same straight line on
a smooth horizontal surface. The particles collide. Before the collision the speedad® are 6 m s land 4 m

s~ Irespectively. After the collision the direction of motionfois reversed and its speed is 1.5 m-sFind

a the speed and direction Bfafter the collision,

b the magnitude of the impulse givenA to B in the collision

Solution:

a

Conservation of Momentum & ) 6 4
(2x6) + = (2x -15) e

12 - 20 = -3+5y ! xg"

« —

-5 =5V 1.5 v

v = -1

The speed oB is 1 m s™ 1 and its direction of motion is unchanged by the collision.

b
ForA (< ) 1 =2(15- -6)
=2x%x75
=15
[orforB (— ) | =5(v- —-4)
:5( —1+4)
=15]

The magnitude of the impulse givenB is 15 N ¢
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Dynamics of a particlemoving in a straight line
Exercise H, Question 6

Question:

A particleP of mass 150 g is at rest on a smooth horizontal plane. A second parttimass 100 g is projected along
the plane with speedm s~ tand collides directly witf®. On impact the particles join together and move on with speed
4m <~ 1 Find the value ou.

Solution:

Conservation of Momentum & ) u 0
100u+ (150x0) =250x% 4 :

100u = 1000 fica @D
u =10 A, S

The value ouis 10
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Dynamics of a particlemoving in a straight line
Exercise H, Question 7

Question:

A particle A of mass 4nis moving along a smooth horizontal surface with speedt 2ollides with another particle of
mass & which is moving with the same speed along the same straight line but in the opposite direction. Givien that
brought to rest by the collision, find

a the speed dB after the collision and state its direction of motion,

b the magnitude of the impulse givenA to B in the collision

Solution:
a
Conservation of Momentum & ) 2u 2u
(4mx 2u) + = (4mx0) & B
(3mx - 2u) +3m v E !
gm u-6gm u =3dm v e
2 =v u v
3

2u
The speed oB after the collision is7~ and its direction of motion is reversed by the collision.

b

ForA (< ). I =4m(0- - 2u)
=8m u

[orForB ( — ): | =3m(v—- —2u)

=3m( 2?u +2u)
=2m u+ 6m u=8m u]
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Dynamics of a particlemoving in a straight line
Exercise H, Question 8

Question:

An explosive charge of mass 150 g is designed to split into two parts, one with mass 100 g and the other with mass 50 g.
When the charge is moving at 4 m 4§t splits and the larger part continues to move in the same direction whilst the

smaller part moves in the opposite direction. Given that the speed of the larger part is twice the speed of the smaller part,
find the speeds of the two pa

Solution:
Conservation of Momentum & ) ;
= (100 x 2u) + _
(150x4) 505 _y) [150]
600 = 200u- 50u ED =
600 = 150u
4 =u u 2u

The larger has spe@ m <~ L and the smaller part has spdm <~ 1,
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Dynamics of a particlemoving in a straight line
Exercise H, Question 9

Question:

Two particlesP and Q of masam andkm respectively are moving towards each other along the same straight line on a
smooth horizontal surface. The particles collide. Before the collision the spaedsdf are 31 andu respectively.
After the collision the direction of motion of both particles is reversed and the speed of each particle is halved.

a Find the value ok.

b Find, in terms om andu, the magnitude of the impulse givenP to Q in the collision

Solution:
a
Conservation of Momentum & ) 3u u
=(m><3—u +
(mx3u) + 2 E ® i
(k mx —u) (kmxuz) =
3u L]
Imu-k|mu <
2
6 -2k = -3+Kk
9 3k
3 =k
The value ok is 3.
b
For P ( « ): |=m(37u——3u) [orForQ:(_>)|:km(“E__u)
9m u 3y
- 2 —3m>< 7
9m u
= = ]
9m u

The magnitude of the impulse T5;—
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Dynamics of a particlemoving in a straight line
Exercise H, Question 10

Question:

Two particlesA and B of mass 4 kg and 2 kg respectively are connected by a light inextensible string. The partic
rest on a smooth horizontal plane with the string slack. Pa#tierojected directly away from with speedim s™ 1.
When the string goes taut the impulse transmitted through the string has magnitude 6 N s. Find

a the common speed of the particles just after the string goes taut,

b the value ou.

Solution:

a

ForB (— ) : u

6 =2(v—-0) = =

3 =v 2 kg 4 kg
0 u
—_— —

6 &
5 10)—————119)4

—_ —_—
¥ v

The common speed is 3 nT$.

b Conservation of Momentum & )

4qu =2v+4v=6x3 =18
u =45

[orForA: (— ) —-6=4(3-u)
-15 =3-u

u =45]
The value ouis 4.5
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Dynamics of a particlemoving in a straight line
Exercise H, Question 11

Question:

Two particlesP and Q of mass 3 kg and 2 kg respectively are moving along the same straight line on a smooth t
surface. The particles collide. After the collision both the particles are moving in the same direction, theBjieed of
1 m s~ land the speed @ is 1.5 m s L. The magnitude of the impulse®fon Q is 9 N s. Find

a the speed and direction Bfbefore the collision,

b the speed and direction Q before the collisiol

Solution:

a

ForP: (« ) u v
9=3(-1- -u) 4 2

9 =3( -1+u) 94—. g
3=-1+u e —>

4 =u 1 1.5

The speed oP before the collision is 4 ms! and it was moving in the same direction as it was after the collision.

bForQ: ( — )

9 =2(15-v)
9 =3-2v

2v = -6

v = -3

[or Conservation of Momentum & )

3u+2v = (3x1) + (2x15)
12+2v =3+3=6

2V = -6

% = -3]

The speed of) before the collision was 3 nT's and it was moving in the opposite direction to its direction after the
collision.
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Dynamics of a particlemoving in a straight line
Exercise H, Question 12

Question:
Two particlesA and B are moving in the same direction along the same straight line on a smooth horizontal surface. The

particles collide. Before the collision the spee®a 1.5 m s 1. After the collision the direction of motion of both

paticles is unchanged, the speedds 2.5 m s land the speed & is 3 m s~ L. Given that the mass #fis three times
the mass 0B,

a find the speed oA before the collision.
Given that the magnitude of the impulsefm the collisionis 3 N s.

b find the mass cA.

Solution:
a
Conservation of Momentum & ) u 15
= (3mx25) + =
3m u+1.5m (mx3) : : . .
Im u+1.9m =7.9m+3Im
3u =9 25 3
u =3

The speed oA before the collision is 3 msl.

bForB: ( — )
3=m(3-15)
2 =m

[or ForA: «

3=3m( -25- -u)
3=3m( -25+3)
1 =0.5m

2 =m]

The mass oA is 6 kg
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Dynamics of a particlemoving in a straight line
Exercisel, Question 1

Question:

A bullet is fired by a gun which is 4 kg heavier than the bullet. Immediately after the bullet is fired, it is moving with
speed 200 m$ and the gun recoils in the opposite direction with speed 5nFind

a the mass of the bullet,

b the mass of the gt

Solution:
a
”E ‘3; Df;aw af[jri]agram showing velocities, before and
after, with arrows.
|m + 4| ! m
o -
5 200

CLM( — ) : 0O =200m-5(m+4) (Momentum is conserved, solving fior]
20 =195m
0.103 =m

Mass of bullet is 0.103 kg.
b Mass of gun is 4.103 k
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Dynamics of a particlemoving in a straight line
Exercisel, Question 2

Question:

A child of mass 25 kg moves from rest down a slide which is inclined to the horizontal at an angle of 35°. Wher
has moved a distance of 4 m, her speed is 6!nBy modelling the child as a particle, find the coefficient of friction
between the child and the sli

Solution:

vV =u?+2as |Choose the appropriate equatibn.
62 = 0%+ 2ax 4

a =45 Solving fora

R
454 R
35°
25g

R(~N) R-25g cos 35° =0 |We neecR to find the friction|
R =25g cos 35°
R( < ) 25g cos 55° —uR=25 x 4.5 ||[Resolve in the direction of the acceleration. So r/e
259 cos 55° —u x 259 cos 35 ° for .
=1125

_ 259 cos 55° - 1125 |Answer to 2 s.f. sincg = 9.8 has been usdd.
A= " 255 cos 35°

=0.14 (2sf.)
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Dynamics of a particlemoving in a straight line
Exercisel, Question 3

Question:

A particleP of mass 8 is moving along a straight line with constant speedtZollides with another particl® of
mass #n which is moving with speed along the same line but in the opposite direction. As a result of the cofisson
brought to rest.

a Find the speed d) after the collision and state its direction of motion.

b Find the magnitude of the impulse exertecQ onP in the collision

Solution:

a

A diagram showing all the velocities, before annj

2u u
@ @ after, with arrows.
4 m
— s

0 v
CLM ( — ) : Conserving momentuH‘n
m

bl=(3mx2u-0) =6m uimpulse6 mu
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Dynamics of a particlemoving in a straight line
Exercisel, Question 4

Question:

A small box of mass 2 kg is projected with speed 2hup a line of greatest slope of a rough plane. The plane is
inclined to the horizontal at an anglevhere tarw = 0.75. The coefficient of friction between the box and the plane is
0.4. The box is projected from the poihbn the plane.

a Find the distance that the box travels up the plane before coming to rest.
b Show that the box will slide back down the plane.

c Find the speed of the box when it reaches the |P.

Solution:
a
R (8 R( N )R=2g cos a = 2 |Ris needed to find the
S |Ifriction.
R(~7)
04K

2g
_ Z?R ~2gsina =2a INote the signs.
169 _ 6s _
C 25 5 =2a
_ % —a Solving fora.
v =u?+2as( /)
23

0 =2-2x > XS
S _ 50 _

= o =0.22m (2s.f.)

2 s.f. sinceg = 9 has been
used.

69

3
b Wt component down plane gx ¢ =

- - 2 169
Limiting friction = T xR= 7"
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Hence, net force down the plane

14s o
= g soit will slide back down

c

1
R(<) —2=2a=a=
79
25

v =ul+2as( <)

7
—gx
25

50
239

_ 2

2 =92 % =
ve =2 23

© Pearson Education Ltd 2C
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2 s.f sincgg = 9.8 has been
used.

Finding the acceleration. 2
s.f sinceg = 9.8 has been
used.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 5

Question:

Peter is pulling Paul, who is on a toboggan, along a rough horizontal snow surface using a rope which makes an angle of
30° with the horizontal. Paul and the toboggan have a total mass of 40 kg and the toboggan is moving in a straight line
with constant speed. The rope is modelled as a light inextensible string. Given that the tension in the rope is 50 N, find
the coefficient of friction between the toboggan and the ¢

Solution:
— )
{ /'ED N
» | | |“"J 30"
uR
40 g

R(1), R+50cos 60° -40g0 |No vertical acceleratiof
R =367N

—J

R(— ), 50cos 30° -ux367=0 (No horizontal acceleration as moving with
> 1=012 (2s.f.) constant speed.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 6

Question:

A particle of mass 0.5 kg is pushed up a line of greatest slope of a rough plane by a horizontal force of rRdgnitude
The plane is inclined to the horizontal at an amglehere taru = 0.75 and the coefficient of friction betweerand the
plane is 0.5. The particle moves with constant speed. Find

a the magnitude of the normal reaction between the particle and the plane

b the value oP.

Solution:
R
77 2
P AT
s R
LI}
05g

a

R(1), Rcosa- Resolving at right angles todtves a quick

%Rsin o - 0.5g =0 solution.
R =g=9.8N

b

|Alternatively, resolve up the plafie.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Dynamics of a particlemoving in a straight line
Exercisel, Question 7

Question:

A pile driver consists of a pile of mass 200 kg which is knocked into the ground by dropping a driver of mass 1000 kg
onto it. The driver is released from rest at a point which is 10 m vertically above the pile. Immediately after the driver
impacts with the pile it can be assumed that they both move off with the same speed. By modelling the pile anc

as particles,

a find the speed of the driver immediately before it hits the pile,

b find the common speed of the pile and driver immediately after the impact. The ground provides a constant resistance
to the motion of the pile driver of magnitude 120,000 N.

¢ Find the distance that the pile driver is driven into the ground before coming

Solution:
a
vV =uw+2as Motion under gravity|

V2 =2x10x9.8

V =14ms~1

b
CLM (| ) Momentum is conserve.
1000 x14 = 1200v
|
Vv =3 ms
Cc
120 000 [R (1) . firstfind the deceleratioj.
% T 1200g- 120 000 = 1200a
1200 kg
v l a = —-90.2
1200 g
v =u?+20g( | ) [Using u= answer from par.|
02=(3)2-2x902xs
s=0.75m (2sf.) [2 s.f. agy = 9.8 has been usdd.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 8

Question:

ParticlesP andQ of masses® andm respectively are attached to the ends of a light inextensible string which passes
over a smooth fixed pulley. They both hang at a distance of 2 m above horizontal ground. The system is released from
rest.

a Find the magnitude of the acceleration of the system.
b Find the speed d¥ as it hits the ground.

Given that particl€) does not reach the pulley,

c find the greatest height th@treaches above the ground.
d State how you have used in your calculation,

(i) the fact that the string is inextensible,

(ii) the fact that the pulley is smoac

Solution:

a

The diagram should show all the forces and thg
accelerations.

T4 AT
Pl
M
al| P Q| a
v M
2 mg mg

2m

W
e e
ForP:R(|l ), 2mg-T =2m a Resolve in the direction of the acceleration for
ForQ:R(1), T-mg =ma each mass.
ADD, [mg =3dm a

_ 1

a = 39
b

PhysicsAndMathsTutor.com
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ForPv2 =u?+2a g

5
V2 :2)(5)(2
—\ &
v 1 3

=36ms 1 (2sf)

c

ForQR(1), -[mg=[ma

V2 =u+2a s( 1),

9 _
0 3 20s

S= 7m

w N

2
. Height above =2 m

d
() In extensible string= aaceleration of
both masses in equal.

(i) Smooth pulley = same tension in string|Learn this

either side of the pulley.
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||The acceleration is constdht.

Q now moves under gravity as the string is nov
slack.

INote that g cancel
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Dynamics of a particlemoving in a straight line
Exercisel, Question 9

Question:

The diagram shows two blocRsand B, of masses 20 kg and 30 kg respectively, inside a cage of mass 10 kgABlock

on top of blockB. The blocks are being lowered to the ground using a rope which is attached to the cage. The rope is
modelled as a light inextensible string. Given that the blocks are moving vertically downwards with acceleration 0.8 m
s, find

a the tension in the rope,

b the magnitude of the force that bldBlexerts on blocld,

¢ the normal reaction between blcB and the floor of the ca¢

Solution:
a
T R( | ) ,forwhole system
0.8
v
Y
60 g
60g-T =60x0.8 Note that the reactions
T =588 - 48 between AandB, and
— 540 N between Band the cage
cancel.
b
R(| ), forA
R 20g-R =20x0.8 Include only the forces
R =196 - 16 acting on A
=180N
= 0.8
v
20g
c
R(] ) forB Include only the forces
actingon B

PhysicsAndMathsTutor.com
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S 30g+180-S =30x0.8
T 474 -S =24
S =450N
08 ‘ 180
Y
30g

An alternative would be to consider the cage ¢
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Dynamics of a particlemoving in a straight line
Exercisel, Question 10

Question:

A man, of mass 86 kg, is standing in a lift which is moving upwards with constant acceleration’2fins the
magnitude and direction of the force that the man is exerting on the floor of-

Solution:
1 By Newton's Third Law the action of the man o
RN the floor and the reaction of the floor on the m
are equal in magnitude, here labelledaRd in
9 ms-2 ' e Man opposite directions.
86 g
1!

/ Floor of Fit

—

F=ma
For the man As the numerical value 9.8 has been usedjfgou
R(1) R-86g=86x2 should give your answer to 2 significant figures
R =86x98+86x2 You should not give any answer to an accuracy

= 1014.8~ 1000 greater than the data you have used to calcula
that answer.

The reaction on the man on the floor is of equal magnitude to the action of the floor on the man and in the opposite
direction.
The force that the man exerts on the floor of the lift is of magnitude 1000 N (2 s.f.) and acts vertically dov
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Dynamics of a particlemoving in a straight line
Exercisel, Question 11

Question:

1

A car, of mass 800 kg and travelling along a straight horizontal road. A constant retarding Folteenfuces the spe

of the car from 18 m 310 12 m s lin 2.4 s. Calculate
a the value of,

b the distance moved by the car in these :

Solution:

Positive direction

)

ams=
RN
FN
 §
800 g
T
a
u=18,v=12 ,t=24 ,a= ?
Vv =u+at
12 =18 + 2.4a
12 - 18
a = >4 = -25
F =ma

-F =800x -25= -200G F =2000

b
u=18,v=12 ,t=24 ,s= ?
u+v

()t

= () x24=15x25=36

S

The distance moved by the car is 3¢

© Pearson Education Ltd 2C
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You are going to have to use=Hma to find
F. So the first step of your solution must be
find a.

to

The retarding force is slowing the car dowr
and is in the negative direction. So, in the
positive direction, the force is F.

You could use the value ofyeu found in pa
a and another formula. Unless it causes yq
extra work, it is safer to use the data in the
guestion.

u
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Dynamics of a particlemoving in a straight line
Exercisel, Question 12

Question:

Two particlesA and B, of mass 0.2 kg and 0.3 kg respectively, are free to move in a smooth horizontal groove.Bnitially
is at rest and\ is moving toward with a speed of 4 msk. After the impact the speed Bfis 1.5 m s L. Find

a the speed oh after the impact,

b the magnitude of the impulse B on A during the impac

Solution:
Positive direction
-
Before 4ms?
-
51 o
Al .::'a\. B 03kg |
Mol N
— —i~
After vmsg 1.5ms!
a
Conservation of linear momentum A full formula for the conservation of momentum i
02x4 =02xv+0.3x%x1.5 MyU, + Mgl = MV, + Mvg. In this case the
0.8 =0.2v+ 0.45 velocity of B is zero.
0.8 - 0.45
% = —%, -175
The speed oA after the impact is 1.75 nis.
b
Consider the impulse of A It is a common mistake to mix up the particles. THe
Il =mv-mu impulses on the two particles are equal and opposite.
=02x175-02x4 Finding the magnitude of the impulse, you can
=0.35-08= — 045 consider either particle — either would give the same

magnitude. However, you must work on only one
single particle. Here you can work oroAB but not
both.

The magnitude of the impulse Bfon A
during the impact is 0.45 N s.

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 13

Question:

A railway truckP of mass 2000 kg is moving along a straight horizontal track with speed TtnTBe truckP collides
with a truckQ of mass 3000 kg, which is at rest on the same track. Immediately after the c@llisioves with speed
5m s~ L Calculate

a the speed oP immediately after the collision

b the magnitude of the impulse exertedP onQ during the collisior

Solution:
Before 10m s
e At rest
A
P (2000 kg @ (3000 kg
Ny ot S zi
—_—= —=
After vms1 5mst

a Conservation of linear momentum

2000 x 10 =2000 » + 3000 x 5

20 000 = 2000w 15 000
20 000 - 15 000
\Y} = T 00 - 2.5

The speed oP immediately after the collision is 2.5 nT .

b
For Q To find the magnitude of the impulse you could
| =mv-mu consider either the change in momentunPadr
| =3000x5-3000 %0 =15000 the change of momentum of @ou must not mix
them up.

The magnitude of the impulse P onQ is 15 000 N s

© Pearson Education Ltd 2C
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Question:

A particleP of mass 1.5 kg is moving along a straight horizontal line with speed 3'mAsother particleQ of mass 2.
kg is moving, in the opposite direction, along the same straight line with speed 4 e particles collide.
Immediately after the collision the direction of motiorPok reversed and its speed is 2.5 mts

a Calculate the speed §f immediately after the impact.

b State whether or not the direction of motiorQois changed by the collision.

¢ Calculate the magnitude of the impulse exerteQ onP, giving the units of your answ

Solution:
Eosive Tircoon . [You do not know which direction @ill be moving ir
after the impact. Mark the unknown velocity as
Before ~ 3ms1 4ms1 [VMS Lin the positive direction. After you have
- «+— |\worked outv, the sign of wvill tell you the direction
e —  ||Qis moving in.
I, e,
Pl 1.5kg _.| Ql 25kg |
L i
- -
After 25mst vms!

a Conservation of linear momentum
15x3+25x%x (-4) =15x%x ( -25) +25«

45-10= -3.75+ 2.5v
25v=45-10+3.75= - 1.75

vz - X2 - _o7 The sign ofv is negative, so @ moving in the
2.5 negative direction. It was moving in the negative
direction before the impact and so its direction ha
changed.

The speed o) immediately after the impact is 0.7 m &
b The direction ofQ is unchanged.

cForP, I =mv-mu
I=15x ( -25) -15%x3=8.25
The magnitude of the impulse exertedQ onP is 8.25 N s

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 15

Question:

A particle A of massm is moving with speedi2in a straight line on a smooth horizontal table. It collides with another
particleB of masskmwhich is moving in the same straight line on the table with spéethe opposite direction .

2
In the collision, the particles form a single particle which moves with speed the original direction of's motion.

Find the value ok.

Solution:
Positive direction . After the collisionA (of masam) and B(of mass
km) combine to form a single particle. That
Before 2 ” particle will have the mass which is the sum of the
- e two individual massesn + km.
e (o )
gl km |
\ / L 4
7N
After A+HII m+km\:
\ /
N
-

Zu

Conservation of linear momentum The total linear momentum before impact must

mx2u+kmx ((-u) = (m+km) x 24 equal the total linear momentum after impact.
3 ||ParticleB is moving in the negative direction
before the collision and so it has a negative lingar

momentum.
2 2 :
omu-kmu = 2mu+ 2kmu mandu are common factors on both sides of thp
3 3 equation and can be cancelled.
2 2
2mu - S = kmu + gkmu
4 5
nfu = 2l
3 3
4 3 4
= - X — = =
k 37 5 5

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 16

Question:

A block of mass 0.8 kg is pushed along a rough horizontal floor by a constant horizontal force of magnitude 7 N. The
speed of the block increases from 2 misto 4 m s~ 1 in a distance of 4.8 m. Calculate

a the magnitude of the acceleration of the block,

b the coefficient of friction between the block and the fl

Solution:
Posilive direction You should begin by drawing a diagram which sh@ws
A - all of the forces acting on the block and the
acceleration of the block.
7N RN
I ams=2
- >

= 08gN

a
u =2,v=4,s=48,a= ?
v2 = u? + 2as
42 =22+ 9.6a
16 -4
a = ?—1.25

The magnitude of the acceleration of the block is 1.25Th s

b
R(1) R-0.8g=0
R =0.8g
F=uR = 10.89
F =ma
R(—) 7-F=08x15 Newton's Second Law is a relation between vect
F=7-08x15 =7-1=6 guantities and so you must be careful with the
directions of forces. In this case, the force of 7 N
pushing the block is in the positive direction and the
friction force of FN is in the negative direction.
From *
©08g =6 As a numerical approximation for g has been used,
_ 6 _ 6 you should correct your final answer to 2 significapt
K= 08 = osxos_ 0765 figures.
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The coefficient of friction is 0.77 (2 s.f.
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Dynamics of a particlemoving in a straight line

Exercisel, Question 17

Question:

A particle is sliding with acceleration 3 m 8 down a line of greatest slope of a fixed plane. The plane is inclined at 40

to the horizontal.

Calculate the coefficient of friction between the particle and the |

Solution:

Hxh\:if\f*;//};w
T

mg N

\3'1152
i

T

R(~-) R-mgcos40° =0

R=mg cos 40°

Friction is limiting
F=uR
R(N)
[mg sin 40° -/ mg cos 40°
g sin 40° -3 _ 9.8 sin 40° -3
9.8 cos 40

=umg
=ma

- g

mg sin 40° -F

g cos 40°

The coefficient of friction between the
particle and the plane is 0.44, (2 s.f.).

© Pearson Education Ltd 2C
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You are given no value for mass of the particle an
you will need to have an expression for the weigh
the particle. Let the mass of the particle blegnthen
the weight of the stone rag N.

d

You could multiply 9.8 by cos 40 using your
calculator here but, in general, it is advisable to d¢
of the calculation, in one go, at the end of the
question. This avoids rounding errors.

cos 40°

=0.4394 ...

As a numerical value of g has been given, you sh
give your answer to 2 significant figures unless th

question instructs you otherwise.

124

of

all

uld
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Dynamics of a particlemoving in a straight line
Exercisel, Question 18

Question:

A pebble of mass 0.3 kg slides in a straight line on the surface of a rough horizontal concrete path. Its initial speed is 12.6
3

m s~ L. The coefficient of friction between the pebble and the path is

a Find the frictional force retarding the pebble.

b Find the total distance covered by the pebble before it comes

Solution:
a
RN
TN ?
| ,' ams
Z FN N |/
03gN
¥
a

R(7)R-03g=0= R=0.3g
Friction is limiting

F=uR= §x0.3><9.8:1.26

s.f). 2 significant figures in part a, in working
out the deceleration in part you should
use the value of 1.26 for the friction forcg.
All working should be carried out to at
least 3 figures.

b

F =ma The question has not asked you to work

R(— ) -126=0.3a the deceleration but you could not find qut
1.26 s without working out a first. You have tq

a =~ %3 - " 4.2 see this kind of step for yourself.

PhysicsAndMathsTutor.com
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u=126,v =0,a= —-4.2 ,s= ?

V2 = U2 + 2as

02 = 12.6¢ - 8.4s

s - 126 _1g9
8.4

The total distance covered by the pebble before it

comes to restis 19 m (2 s.f.).

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 19

Question:

A particle moves down a line of greatest slope of a smooth plane inclined at afl tmtle horizontal. The particle
starts from rest and travels 3.5 m in time 2 s. Find the valsin 6.

Solution:
- RN _,r’ You are given no value for mass of the
""'=~--.5._": e : particle and you will need to have an
= s 0 2 expression for the weight of the particle
g N - .
- I i Let the mass of the particle bekap, then
3 3 3 3 the weight of the stone is mg N. As ofte
u=0,s=35,t=2,a=7? happens, the ran later be removed fron
s =ut+ iatz the working, using the usual processes pf
2 algebra.
1
35 =0+zax2?=2a
3.5
a == 1.75
R(~) [mgsiné=[ma There is no friction in this question and the
only force acting on the patrticle parallel {fo
175 5 : :
sin 0 = 58 = 28 the plane is the component of the weigh

the particle. There is an exact answer hgre
which can be left. However a decimal
answer, sind = 0.18, would be
acceptable.

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 20

Question:

A man of mass 80 kg stands in a lift. The lift has mass 60 kg and is being raised vertically by a cable attached to the top
of the lift. Given that the lift with the man inside is rising with a constant acceleration of 0.6, rfirgl, to two

significant figures,

a the magnitude of the force exerted by the lift on the man,

b the magnitude of the force exerted by the cable on the lift.

The lift starts from rest and, 5 s after starting to rise, the coupling between the cable and the lift suddenly snaps. There is
an emergency cable attached to the lift but this only becomes taut when the lift is at the level of its initial position. After
the coupling snaps, the lift moves freely under gravity until it is suddenly brought to rest in its initial position by the
emergency cable. By modelling the lift with the man inside as a particle moving freely under gravity,

c find, to two significant figures, the magnitude of the impulse exerted by the emergency cable on the lift when it brings
the lift to rest.

The model used in calculating the value required in@imores any effect of air resistance.

d State, with a reason, whether the answer obtainedsihigher or lower than the answer which would be obtained
using a model which did incorporate the effect of air resist

Solution:
a
1 R N is the normal reaction of the lift on tpe
RN man. The only forces on the man are th
reaction and his weight. The cable has fo
G riesa ' direct contact with the man and you shqpld
not include this in your equation.
80gN
T
R(1) R - 80g=280 x 0.6
R =80x%x9.8+80x0.6=832

The magnitude of the force exerted by the lift on the
man is 830 N (2 s.f.).

b

Combining the man and the lift, and modelling them
as a single particle of mass 140 kg

There is a reaction of the lift on the man
and an equal and opposite reaction of the
man on the lift. When the lift and the mgn
0.6 m s-2 are combined, these cancel out and you
need not consider them when writing dd
the equation of motion of the man and i

combined. [ﬁ

™

140g N

PhysicsAndMathsTutor.com
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F =ma
R(1) T -140g=140 x 0.6
T = 140 x 9.8 + 140 x 0.6 = 1456

The magnitude of the force exerted by the cable on
the lift is 1500 N (2 s.f.)

Cc
To find the speed of the lift when the cable breaks,

take theupward direction as positive.
u=0,t=5,a=06,v=7?

v —u+at=0+06x5=3

To find the distance travelled before the cable breaks,
take theupward direction as positive.
u=0,t=5,a=0.6,s= ?

After the cable breaks, takiewnwar ds as positive.

u =-3,a=98,s=75,v= 7 The emergency cable reduces the lift to

V2 =ul+2as=32+2x98x75=156 rest. To find the impulse, you need to fird

v = V156 thg _speed V\_th which the I|f_t returns to it$
original position. After the lift breaks, the

I =mv-mu lift falls freely under gravity. Its

| =0-140V156= - 1748 ... acceleration is no longer 0.6 m €

The magnitude of the impulse exerted by the upwads but 9.8 m § 2 downwards.

emergency cable on the lift when it brings the lift t
restis 1700 N s (2 s.f.).

d
Air resistance would reduce the speed of the lift as it
falls and so the impulse would be reduced.

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 21

Question:

A box of mass 2 kg is pulled up a rough
plane face by means of a light rope. The

plane is inclined at an angle of 2o the

horizontal, as shown in the figure. The rof

is parallel to a line of greatest slope of the

plane. The tension in the rope is 18 N. Th
coefficient of friction between the box and 20°
the plane is 0.6. By modelling the box as a
particle, find

18 N

a the normal reaction of the plane on the box,

b the acceleration of the bt

Solution:

b ams—=2
'1.. ___,_,.:-"%
_.-""

RN "'-,'."' 18 N -#___',- #J_F__.d-u.r.

R(~-~) R-2gcos20° =0 The weight 2g N has components

erpendicular and parallel to the
R=2gcos 20° =18.41797 .. [PPe o e
o

\ Y2g
2g cos 207

The normal reaction of the plane on the box is 18 \
s.f.). \20°

X

plane \

b
Friction is limiting

There are three forces acting on the box in
the direction parallel to the plane. The

PhysicsAndMathsTutor.com
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E=,R =0.6 x18.41797 ... tension in the rope acting up the plane,
a =11.0507 ... the friction force and the component of
R(N) weight acting down the plane. Than
-F-2gsin 20° =2a F = ma is the vector sum of these three
18 f
orces.
18 - 11.0507 ... —6.70359 ... =2a
2a =0.2456 ... > a=0.1228 ...

The acceleration of the box is 0.12 m 15(2 s.f.).

© Pearson Education Ltd 2C
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Dynamics of a particle movingin a straight line
Exercisel, Question 22

Question:

A sledge has mass 30 kg. The sledge is
pulled in a straight line along horizontal
ground by means of a rope. The rope mal

an angle 20 with the horizontal, as showr
in the figure. The coefficient of friction
between the sledge and the ground is 0.2
The sledge is modelled as a particle and tere
rope as a light inextensible string. The
tension in the rope is 150 N. Find, to three
significant figures,

a the normal reaction of the ground on the sledge,
b the acceleration of the sledge.
When the sledge is moving at 12 m% the rope is released from the sledge.

¢ Find, to three significant figures, the distance travelled by the sledge from the moment when the rope is released to the
moment when the sledge comes to

Solution:

The tension in the rope has components i
the vertical and horizontal directions.

RM

! 150 /
oyt / A 150 sin 20°

Y 150 cos 20°

a
RETD 15040 20° - 30g=0
R = 30g- 150 sin 20°

=30 x 9.8 - 150 sin 20 =242.69 ...

The normal reaction of the ground on the sledge is
N (3 s.f). This question asks you to give answers tq 3
significant figures. Usually when a

numerical value of is used you correct to
significant figures, but in all A level paper
you must follow the instructions given in &

NJ
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particular question. From time to time the
conditions in a question may vary.

b
Friction is limiting
F=uR=0.2x242.69 ... = 48539 ...
R(—) _
150 s 20° - 48.539 ... =30
a= 150 cos 20 - 48.539 ... = 3.080 ...

30

The acceleration of the sledge is 3.08 ms(3 s.f.).

C

RN ams=2
FN
)
30g N
R(1) R-30g=0= R=30g The only force acting in a horizontal
Friction is limiting direction is the friction forqe. However, with
the removal of the rope, this has changed.
F =uR=0.2 x 30g= 69 The friction force depends on the normal
R(—) - F=30a reaction and that is now 369294 N. It was
- 6g about243 N in par. It has increased with
a = 3 - 196 the removal of the rope. Assuming the
friction and the normal reaction are
u =12,v=0,a= -196,s= 7? unchanged is a common error. You must
V2 = u2 + 2as start again, draw a fresh diagram and work
5 through the question again, resolving in g
0? =12 -2x1.96 xs directions.
= 12 -36734 ...
2x1.96

The distance travelled by the sledge is 36.7 m (3 s.f.).
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Dynamics of a particlemoving in a straight line
Exercisel, Question 23

Question:

A metal stake of mass 2 kg is driven vertically into the ground by a blow from a sledgehammer of mass 10 kg. The
sledgehammer falls vertically on to the stake, its speed just before impact being'9Ima model of the situation it is
asumed that, after impact, the stake and the sledgehammer stay in contact and move together before coming to rest.

a Find the speed of the stake immediately after impact.

The stake moves 3 cm into the ground before coming to rest. Assuming in this model that the ground exerts a constant
resistive force of magnitud® newtons as the stake is driven down,

b find the value oR.

¢ State one way in which this model might be refined to be more re:

Solution:

a

defore After After impact, the sledgehammer
and the metal stake move togethr.
You model the sledgehammer a

stake as a single particle of massg

Sledgehammer | 10 kg lgm st
12 kg vmsKkg.

Y
F
2 kag/ a'f
III|| .'|l \'J.'
Stake \ | Oms1 /
I".II,-'IE
Conservation of linear momentum
10x9+2x0 =12 x
90
V= > =75
The speed of the stake immediately after impact is The model given in the question
75ms 1 assumes that the stake and

sledgehammer stay in contact and
move together after impact, before
coming to rest. Although the

guestion only refers to the stake,
you must consider the stake and
sledgehammer as moving togethir,
with the same velocity and the
same acceleration, throughout the
motion after the impact.

PhysicsAndMathsTutor.com
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'
RN
. la"ns:f
12g N
Y
u =75,v=0,s=0.03,a= ?
V2 = U2 + 2as
02 =75 +2xax0.03
a - - 1% _ 9375
0.06
F =ma

129- R=12x ( - 937.5)

R =12 x9.8 +12 x937.5 =11367.6

=11000 (2sf.).

¢ The resistanceR) could be modelled as varying with spe

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 24

Question:

The particles have mass 3 kg an#gnwhere

m < 3. They are attached to the ends of a light

inextensible string. The string passes over a

smooth fixed pulley. The particles are held in

position with the string taut and the hanging p

of the string vertical, as shown in the figure. Tl

particles are then released from rest. The initii3 kg mKkg

. . .3
acceleration of each particle has magnltg@e

Find

athe tension in the string immediately after the particles are released,

b the value om.

Solution:

a

=
¥ \H-_-F’/:IF

T™ & A TN

ams=2 agNl lrr?gN

For the 3 kg mass
R(])F=ma

ams=2

3g-T =3><%g

9 12
T=3g- -9= 79

The tension in the string g g N.

b
For the mkg mass

PhysicsAndMathsTutor.com
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As m< 3, the 3 kg mass will move
downwards and the kg mass will move
downwards.

Newton's second law is a relation betwe
vectors and the forces must be given th

is in the same direction as the accelera
and the tension in the string is in the
opposite direction.

correct sign. For the 3 kg mass, the weitﬂ;ht

en
Bir

on

The answer can be left in this exact forn
and, in this question, leaving the tensior

this form leads to g cancelling in part b

‘For the mkg mass, the tension is in the ‘
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F =ma

R(1T)

T-mg 3

=mX ;g
Using the answer to paat
12 3
Yg-nfg= Snig

12 10
— = —m=>m=1.
7 7 1.2

© Pearson Education Ltd 2C
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same direction as the acceleration and
weight is in the opposite direction.
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Dynamics of a particlemoving in a straight line
Exercisel, Question 25

Question:

A(0.5kg)

g

4

B(0.8kg)

A block of woodA of mass 0.5 kg rests on a rough horizontal table and is attached to one end of a light inextensible
string. The string passes over a small smooth p#liéyed at the edge of the table. The other end of the string is
attached to a baB of mass 0.8 kg which hangs freely below the pulley, as shown in the figure. The coefficient of
friction betweerA and the table is. The system is released from rest with the string taut. After reBasscends a
distance of 0.4 m in 0.5 s. ModellirgandB as patrticles, calculate

a the acceleration @3,
b the tension in the string,
c the value ofi.

d State how in your calculations you have used the information that the string is inexi

Solution:
'
HN. ams=2
>
A TN
AN )
S ali
0.5gN 1
! ATN
amsg?
E|@
08gN
Y
aForB
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u =0,s=04,t=05,a=?
_ 1.0
S = ut + 2at
1 1
Q4-o+5axa§_ga
a =8x04=3.2

The acceleration d is 3.2 ms2.

b ForB

F =ma
0.8g—-T =0.8x3.2

T=08 x 9.8-0.8%x3.2=5.28

The tension in the string is 5.3 N (2 s.f.).

c ForA
R(1) R-050=0=R=0.5

Friction is limiting

F = uR = 10.5¢g
R(—) T-F=ma
5.28 - 10.5g=0.5 x 3.2
528 -0.5% 3.2
u = T obxos - 0.751 ...
=0.75 (2s.f.)

Page2 of 2

As the numerical valug = 9.8 has been used, ygu
should correct your answer to 2 significant figufles.

It is a common error to include the weight@id
this equation. The weight acts vertically
downwards and has no component in the
horizontal direction, which is the direction you dre
resolving in. The weight does, however, affect the
friction force.

Although you, correctly, gave the answer for th
tension to two significant figures in par; &l
working should be given to at least 3 significan

figures, so you should uge= 5.28 here.

d The information that the string is inextensible has been used when, @) theracceleration &f has been taken equal

to the acceleration (B obtained in pata.

© Pearson Education Ltd 2C
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Dynamics of a particlemoving in a straight line
Exercisel, Question 26

Question:

Two particlesA andB, of massnkg and 3 kg respectively, are connected by a light inextensible string. The paiticle
held resting on a smooth fixed plane inclined at 30 the horizontal. The string passes over a smooth pRlifixed at

the top of the plane. The portié® of the string lies along a line of greatest slope of the plan® &aigs freely from

the pulley, as shown in the figure. The system is released from re® waiith height of 0.25 m above horizontal ground.

2
Immediately after releasB,descends with an accelerationzg. Given thatA does not reacR, calculate

a the tension in the string whigis descending,

b the value om.

The particleB strikes the ground and does not rebound. Find
¢ the magnitude of the impulse exertedBgn the ground,

d the time between the instant wtB strikes the ground and the instant wiA reaches its highest poi

Solution:
,«':; P
LT
f/({lam 0.25m
B O S I R TP
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ForB F =ma
39-T =3><§g
T=3g- 2g = <g=17.64

Page2 of 3

The tension in the string whilgis descending is 18 N, to 2 significant figures.

b
ForA F = ma

R(~7 ) T-mgsin30° =mx ig

9 1 2
- Lmfg - Zmlg

l+3 _ S
(2 5)m_1om

5

9
- =>m=2

. 1.
sin30 ° = > is the exact value.

¢ To find the speed @& immediately before it strikes the ground

u =0,a= ég,s=0.25,v: ?

V2 =P+ 2as= 07 + 2 x %g x 0.25= 1.96

=mv-nmu

v = v196=14
|
| =3x0-3x1.4= —42

The magnitude of the impulse exerted bgrB

the ground is 4.2 N s.

d
After B strikes the ground, for A

R(N) —[mgsin30° =[ma

a :_Eg
1
u :1'4’V:O’a:_59’t:7
vV =utat
1 28 28 _ 2
0 =14-50t=>1=Gg~ 95~ 7

2
The time between the instants;is S.

© Pearson Education Ltd 2C
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As the particle does not rebound, the velocity gf B
after it strikes the ground, is zero.

The impulse | calculated here is the impulse
exerted on By the ground — it is upwards.The
impulse asked for is equal tan magnitude but is

in the opposite direction.

After B strikes the ground, there is no tension ir
the string and the only force acting orp&allel to
the plane is the component of its weight acting
down the plane.

The approximate answer, 0.28 s, would also beIJ

acceptable.
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Statics of a particle
Exercise A, Question 1

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

______ -|'|3 *‘Q"T-q--——-——-;
SN
Solution:
aQ-5cos 30° =0 . . . 1
bP->5sin 30° =0 Give exact answers using sin 30 ° =  and
= o 508 _
Q=5 cos 30° = 2 4.33N (3sf. cos 30° = % or give decimal answers using
P=5sin 30° =25N your calculator.

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 2

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mar®ed

433N
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Statics of a particle
Exercise A, Question 3

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

a9-P cos 30° =0

bQ+P sin 30° -8=0

¢ From par,
_ 9 -9 \3 Use part a to find Pthen substitute intb to find
" cos 30° ) a
2
=0 x \|§ — E
18 3 cos 30° = >
"G
_ 18f3
3
= 6‘{_3
=10.4N (3s.f.)

Substitute into path

Q+6{3sin 30° -8=0 H H

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

) o _ 1
sin 30 =3

.Q =8-6{3x
=8-3[3
=2.80N (3sf.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 4

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

i QN

Solution:
aQ cos 60: +6 cos 405 °P=0 Use angles on a straight line to fi@dmakes on
bQ sin 60° —6sin 45° =0 angle of 60° with the-axis.
c use parb to give

_ 6sin 45° , o _ 1 o 1 . . 8
Q= S e0r sin 45° =15 cos 60° =7 sin 60° =

_ex L. B8

=06 X \|_2 "

1 2

=06 x E X E

_ 12

~ V6

_ 1206

~ Vel6

2{6 =4.90N (3sf.)

Substitute into pai to give:

1 1
2(6x ; +6xF -P=0

PhysicsAndMathsTutor.com
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P =\6+ %
O £
=V6+ op
=6 +3f2

=6.69N (3s.f.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 5

Question:

The diagram shows a patrticle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Solution:

a4 cos 45° P cos0-7=0
b4sin 45° -P sin =0

cPcosf#=7-4 cos 45° (froma) (1)

P sin 8=4sin 45° (from b (2
Divide equation (2) by equation (1) P sin 0 o _
Then Use 5 cos s tan 6 to eliminateP from the equation
Psing _ __4sin 45° after resolving.

P cos 0 7-4 cos 45°

) _ 2.828

Sotan 0 = 172

=0.678
0 =34.1° (3s.f.)

Substitute this value forifito equation (2)

Then

2828
T sin 34.1°

P =5.04N (3sf.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 6

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the diagram,
aresolve in the xirection,

b resolve in the girection,

c find the magnitude of any unknown forces (markeshB Q and the size of any unknown angles (marKed 6

6N

PN
Solution:

a6 cos 45° -2 cos 60° P sin =0
b 6sin 45° + 2sin 60° P cos0-4=0
cP sin #=6 cos 45° -2 cos 60° (1) [from a]

P cos §=6sin 45° +2sin 60° -4 (2)[from b]

Psing _ 6 cos 45° -2 cos 60° P sin 6 o )
P cos & 6sin 45° + 2sin 60° —4 Use b cosd tan ¢ to eliminateP from the equations aftejr
3.24264 resolving.
c.tan 6 PR —
1.97469..
=1.642
6 =58.7° (3s.f.)

Substitute éback into equation (1)

P sin & =6 cos 45° -2 cos 60 °

3.24264
" sin 58.65°

P =380N (3sf.)

P

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 7

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

aP cos 6+8sin 40° -7 cos 35° =0
bP sin &+ 7sin 35° -8 cos 40° =0
c FromaP cos § =7 cos 35° —-8sin 40° =0.5918 (1)
FrombP sin =8 cos 40° —7sin 35° =2.113 (2)

Divide equation (2) by equation (1)

P sin 0 -

N _ 8. cos 40° —7sin 35° Use——— = tan@ to eliminate Firom the
P sin 0 ~ 7 cos 35° -8sin 40° Peost
P cos 0 equations obtained inaand b

_ _ 2113
Stan 0 = 05918

= 3.57
-9 =74.4° (allow74.3° )
' (3sf.)

Substituted into equation (1

PhysicsAndMathsTutor.com
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C.P cos 74.4° =0.5918

_ 0.5918
~ cos 74.3569 °

=2.19 (3sf.)

P

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 8

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

a9 cos 40° +3 P cos §-8sin 20° =0

bP sin &+9sin 40° -8 cos 20° =0

cFroma:P cos =9 cos 40° +3-8sin 20° (1)
Fromb: P sin =8 cos 20° - 9sin 40° (2)

Divide equation (2) by equation (1)

Psing 8 cos 20° —9sin 40° Psing L
Pcosd 9 cos 40° +3— 8sin 20 ° UseS—_ -, = tandto eliminateP from the
1.732 equations obtained in padsandb.
SLtan 0 = ——
7.158
=0.242
0 =13.6° (3s.f.)

Substitute into equation (

PhysicsAndMathsTutor.com
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P cos 13.6° =9 cos 40° +3-8sin 20°
=7.158

7158
~ cos 136°

7.36 (3sf.)
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Statics of a particle
Exercise A, Question 9

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

QN o

e et e e ]

8N 4 M
Solution:

a_P cos 30° -Q cos 45° -8 c0s 45 °|yoy will have two equations in two unknown
=0 forces PandQ, so should use simultaneous

b P4 Sir(‘) 30° +Q sin 45° —8sin 45° laquations to solve them. Give your answers to|B
Ta= s.f.

B_Q_38
c FromaP 2 T2 Q)
P, 2 8 cos30 ° - B cos 45° == sin 45° =
Fromb — + -1 +4 (2) 2 2 2

These are simultaneous equations.
Add (1) and (2)

P(%+E 0= +4
P=($E+a) = (B2

= (8{2+4) ><\|_32+1
=8% =11.21=11.2 (3sf.)

Substitute into equation (2)

PhysicsAndMathsTutor.com
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Q=8+4[2- - [2=573 (3sf.).
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Statics of a particle
Exercise A, Question 10

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

e
X
Solution:
aQ cos 60° —P cos 60° +5sin 45° Use simultaneous equations to solve the
—6sin 45° =0 equations in parta andb.

bP sin 60° +Q sin 60° -5 cos 45°
-6 cos 45° =0

Q P_6 _>5 ° = R ° :i
c Froma 2 T 2T T cos60 > sin45 >
. Q P—\|_2 (1) sin60 ° = I cos4s ° =1

rom > 2

P\I?»+Q\I'3 111_2 (2)

Multiply equation (1) by|\_3 and add to equation (2).

L 2Q(3 =\3[2 + 11 2

. _ 2, up
- Q =57 2\3
5.198 N (4s.f.)

Substitute into equation (

PhysicsAndMathsTutor.com
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P =Q-\2
=3.784N (4sf.)
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Statics of a particle
Exercise A, Question 11

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in thex direction,
b resolve in the direction,
c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Yw

Solution:

aR( 7)) Resolve along the plane and perpendicular tot‘ e

Q-10sh 45° =0 plane.

bR( X))

P-10 cos 45° =0

c Fromb,

P =10 cos 45° o _ 1 _\2
= 5(2 cos45 " "2
=7.07N (3s.f.)

Froma,

Q =10sin 45° . o _ 1 _\2
_ 51—2 sin45 G T2
=7.07N (3s.f.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise A, Question 12

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

aQ+2 cos 60° —6sin 60° =0
bP-2sin 60° -6 cos 60° =0

¢ From part

P =2sin 60° +6 cos 60 °
P =473 (3sf.)

From parta

Q =6sin 60° -2 cos 60°
Q =4.20 (3s.f.)
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Statics of a particle
Exercise A, Question 13

Question:

The diagram shows a patrticle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Ya

Solution:

a8sin 30° -Q cos30° =0

_ Find Qfrom the equation written down in patthen
bP-Q sin 30° -8 cos 30° =0.

substitute into the equation obtained in patt find P.

c From a

Q = 8sin 30 ° o _
- cos 30 o tan30 -

= 8tan 30°
EE
3

w|ﬁ|

=l=

462N (3s.f.)
Substitute into b

P =Q sin 30° +8 cos 30° _ 1
sin30° =< cos30 ° =
_ 83 1 \3 2

+ 8 X
3 2 8 2

N|‘$|

_ 16f3

3
=9.24N (3s.f.)
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Statics of a particle
Exercise A, Question 14

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

e

1

Solution:
a8 cos 45° —10sin 30° ©=0

bP+8sin 45° —10 cos 30° =0

¢ From part b You may give your answers as exact answers
P =10 cos 30° —8sin 45° ., 3 . o 1
- 5(3 - 42 surds as cos 30 =, Sin 30° 3 and
- =3.00N (3sf.) sin 45° =cos 45° =i2 :% or you may
rom part a, _ _— , :
Q = g cos 45° — 10sin 30 ° give answers to 3 significant figures, using a
—a{3-5 calculator.

=0.657N (3s.f.)
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Statics of a particle
Exercise A, Question 15

Question:

The diagram shows a patrticle in equilibrium under the action of three or more forces. Using the information given in the
diagram,

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Ya

Solution:

a2+8sin 30° -P cos =0

b4-8 cos 30° # sin =0
cFromaPcos #=2+8sin 30° (1)

FrombP sin 6=8 cos 30° -4 (2)

Divide equation (2) by equation (1) Eliminate Pfrom your equations by using
Psing _ 8cos 30° -4 Psinf _
Pcosd 2+8sin 30° b cos @ =tan 6.
i.e.tan 6 = %‘
= 0.488 cos30 ° =< sin 30° =3
w0 =26.0° (3s.f.)

Subditute into equation (1)
P cos 26.0° =2+8sin 30°

. _ 6
. P ~ cos 26.0°
P = 6.68N (3s.f.)
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Statics of a particle
Exercise B, Question 1

Question:

A picture of mass 5 kg is suspended by two li¢ -
inextensible strings, each inclined at 45 ° to tt
horizontal as shown. By modelling the picture

a particle find the tension in the strings when t
system is in equilibrium.

© Pearson Education Ltd 2C
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Statics of a particle
Exercise B, Question 2

Question:

A particle of mass rkg is suspended by a U
single light inextensible string. The string is :
inclined at an angle of 30 fo the vertical an:
the other end of the string is attached to a 'mn
fixed point Q Equilibrium is maintained by € i—
horizontal force of magnitude 10 N which &

10N
on the particle, as shown in the figure. E mkg

Find a the tension in the strinb the value om.

Solution:

Draw a diagram showing the forces acting on tpe
particle; i.e.: the tension in the string, the weig
mg and the force 10 N.

> 10N

mg
a Let the tension in the string A&\.
The weight iang.
R(<)

T sin 30° -10=0

. _ 10
T = sin 30 °

T =20N

b R(T)

T cos 30° -mg=0

AsT=20
cos 30° =

N|ﬁ|

PhysicsAndMathsTutor.com
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mg =20 cos 30°
. 20 cos 30°
.m=——
g
_ 10f3
9
=18 (2s.f.)
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Statics of a particle
Exercise B, Question 3

Question:

A particle of weight 12 N is suspended by a light inextensible string from a fixed@o#nhorizontal force of 8 N is
applied to the particle and the particle remains in equilibrium with the string at ardaoglee vertical.

Find a the angled, b the tension in the strir

Solution:

O

, \SN

12N

Let the tension in the string eN.

>

R() . Resolve horizontally and vertically then divide
8-Tsin 6 =0 equation by the other to eliminate the tension
ST sing =8 (1)

R(1)

T cosf-12 =0
ST cosh =12 (2)

Divide equation (1) by equation (2)

T sin 6 _ 8

T cos @ T 12

2

tan 6 = 3
.0 =33.7° (3s.f.)

Substitute into equation (
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T sin 33.7° =8
8
T= on 337° =144 (3s.f.)
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Statics of a particle
Exercise B, Question 4

Question:

A particle of mass 6 kg hangs in equilibriur
suspended by two light inextensible strings,
inclined at 60 ° and 45 ° to the horizontal,
shown. Find the tension in each of the strin

Solution:

Let the tension in the strings Bdl andSN as shown in the
figure.

R(<) [Resolve in two directions and obtain simultaneous equgions.
T cos 60° -S cos 45° =0
. I _ S _
- - 0
L T=92 (1)
R(1)
T sin 60° +Ssin 45° —@=0  (2) - -
cos 60 = cos 45 :ﬁ
SubstituteT = S[2 into equation (2) B 1
sun 60 ° =, sun 45 ° Iz

.'.S(\|_2 sin 60° + sin 45° ) =6g
69
({2 sin 60° + sin 45° )
_ ol
T o(3+1)
392 (V3-1)

=30 (2s.f.)

andT=6g((3-1) =43 (2sf.)
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Statics of a particle
Exercise B, Question 5

Question:

A smooth bead is threaded on a light A C

inextensible string. The ends of the string are
attached to two fixed poin&s andC on the same
horizontal level. The bead is held in equilibriur
by a horizontal force of magnitude 2 N acting
parallel toCA. The sections of string make anc
of 60 ° and 30 ° with the horizontal. 2

Find a the tension in the string,

b the mass of the be:

Solution:

Let the tension in the string beand the massThe tension is the same throughout the sifing.
of the bead ben. Resolve horizantally first to find.

R(=)

T cos 30° =T cos 60° -2 =0
.. T( cos 30° — cos 60° )=2
2

LT o= cos 30° - cos 60°
= 4 o \|§ o 1
\3-1 cos 30 =-, cos 60 =
4(Y3+1)
(V3-1) (¥3+1)
_ 4(3+1)

2
=2({3+1) =5.46N (3s.f.)
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b R(t)

T sin 60° +T sin 30° - mg=0
.omg =T( sin 60° + sin 30 ° )
\3 _4+2(3

m :93(\1_3+1)(73 +2) = =2 =0.76kg (2sf.)
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Statics of a particle
Exercise B, Question 6

Question:

A smooth bead is threaded on a light A
inextensible string. The ends of the string are
attached to two fixed poin&s andC whereA is

vertically above CThe bead is held in equilibriur :
by a horizontal force of magnitude 2 N. The 30°2
sections ABandBC of the string make angles of
30 ° and 60 ° with the vertical respectively.

r
Find a the tension in the string,

b the mass of the bead, giving your answer to the nearest gr

Solution:

N Let the tension in the string bé&Tand let the mass
A of the bead ben kg.

SN

> 2
aR(>)
2-T cos 60° -T cos 30° =0 The tension is the same in both sections of the
. T( cos 60° + cos 30° )=2 string. _ _ _
Resolve horizontally first to find. T
cos 60 ° :% cos 30° =%

PhysicsAndMathsTutor.com
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2
ST = cos 60° + cos 30°
4 3-1
= 1+1_3>< 3-1
=2({3-1)
=146 (3s.f.)
b R(1)

T sin 60° -T sin 30° -mg=0

..omg =T( sin 60° — sin 30° )

=2(f3-1) (2 -1
= (J3-1)?
=4-2(3
m =(4_Tzr3)=0.055kg=559
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Statics of a particle
Exercise B, Question 7

Question:

A particle of weight 6 N rests on a smooth
horizontal surface. It is acted upon by two
external forces as shown in the figure. One of
these forces is of magnitude 5 N and acts at ap N

. . 4
angled with the horizontal, where ta@ = 3

The other has magnitude R and acts in a
horizontal direction. Find

athe value of,

b the magnitude of the normal reaction between the particle and the ¢
Solution:

A
A
F& c‘/
S
5]

Let the normal reaction ba\R
5

R(—) . . 4
5 0ws §-F =0 The angle ds defined as satisfying taf= 7.
R 3 _
S F=5x < =3N
5 4
3

From the right-angled triangle shown, cés=

3and in 0= 2

cand & 0= <.

b R()
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R+5sinfd-6 =0

.-.R:6—5x§ =2N
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Exercise B, Question 8

Question:

A particle of weight 2 N rests on a smooth

horizontal surface and remains in equilibriu
under the action of the two external forces

shown in the figure. One is a horizontal forc /'

of magnitude 1 N and the other is a forchlP_———~""""""""%_

IN

at an angle o the horizontal, where tafl =

12
< - Fnd

a the magnitude oP,

b the normal reaction between the particle and the su

Solution:

Let the normal reaction ba\R

=1

i

a

Pagel of 2

R(=)

Pcosfd-1=0 When tané = %we can used the triangle

S.P =1+ cos @
5

:1+E /
13

13 12

h

) ) 12 5
shown o find sin 8 = Eand cosf= —

13°
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R(1)
R-P sin9-2=0
SR =P sin 6+ 2
12
=2.6x E+2

=24+2
=4.4
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Exercise B, Question 9

Question:

A particle A of massm kg rests on a smooth horizontal table. The particle is attached by a light inextensible string to
another particl® of mass & kg, which hangs over the edge of the table.

The string passes over a smooth pulley, which is fixed at the edge of the table so that the string is horizont#{ between
and the pulley and then is vertical between the pulleyBand

A horizontal force= N applied toA maintains equilibrium. The normal reaction betwéeand the table iR N.
a Find the magnitudes &f andR in terms ofm.

The pulley is now raised to a position above the edge of the table so that the string is inclined at 30 degrees to the
horizontal betweeA and the pulley. Again the string then hangs vertically between the pulléd. @nkorizontal force
F’ N applied toA maintains equilibrium in this new situation. The normal reaction beteemd the table is no®w’ N.

b Find, in terms om, the magnitudes <’ andR'.

Solution:

R
i
F{l\.
mg

& T
B
a 2mg
Consider the mass 2kg. Consider the mass 2 kyg first, as it has only two
forces acting on it. This enables you to find the
tension.
R(1)
T-2m g=0
L. T=2m g.

Consider the masa kg.

R(=)

T-F =0
SJF=T =2m g
= 19.6m ( accept 2fn)
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R(?)

R-mg=0
"R=mg
=9.8m

b
Consider the 2rkg mass.
AgainT=2m g.
Consider the mass ky.
R(=)
T cos 30° -F=0
SoF =2m gx %=‘|_3m g

=17m (2s.f.)
R(1)

R+T sin 30-mg=0
SR =mg-T sin 30
=m g-2m gXx %

=0

© Pearson Education Ltd 2C
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Statics of a particle
Exercise B, Question 10

Question:

A particle of mass 2 kg rests on a smooth
inclined plane, which makes an angle of 45
with the horizontal. The particle is maintain
in equilibrium by a force N acting up the
line of greatest slope of the inclined plane,
shown in the figure. Find the value of P

Solution:

Let the normal reaction ba\R

R(7) IResolve along the plae.
P-2g sin 45° =0
B = og &n 4F ° sun 45° == =12
.. P =2g sn 45 \2 2
= g\2
= 14N (2sf.)
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Statics of a particle
Exercise B, Question 11

Question:

A particle of mass 4 kg is held in equilibriur
on a snooth plane which is inclined at 45td
the horizontal by a horizontal force of
magnitude AN, as shown in the diagram. Fi
the value of P

Solution:

Let the normal reaction ba\R

R( 7)) IResolve along the plane.
P cos 45° —4g sin 45° =0
) _ 4g sin 45°
-P= cos 45 °

:4g
=39 (2sf.)
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Statics of a particle
Exercise B, Question 12

Question:
A particle Aof mass 2 kg rests in equilibrium o
a smooth inclined plane. The plane makes an

, . 3
angled with the horizontal, where taf = 2

The particle is attached to one end of a light inextensible string which passes over a smooth pulley, as shown in the
figure. The other end of the string is attached to a paBiofemass 5 kg. Particla is also acted upon by a force of
magnitude=N down the plane, along a line of greatest slope.

Find a the magnitude of the normal reaction betwA and the planeb the valueF.

Solution:

Let the normal reaction between the partkRlend
the plane be R.

Let the tension in the string b&\T Consider the 5 kg mass first to find Then
Consider first the 5 kg mass. resolve perpendicular to the plane and parallel|to
R(1) the plane for the forces acting on the 2 kg mass.
T-59=0 Use a 3, 4, 5 triangle to find siéiand cos¥é.

.. T=5¢g
Consder the 2 kg mass.
R(™N)

R-29 cosd =0

S R=2gx % = 8?9216N (2s.f.)
R( 7))

T-F-2gsn =0

S.F=T-2g sin 6

ButasT = 5g
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F =5g-2g% ¢
- 19
5
=37N (2sf.)
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Statics of a particle
Exercise B, Question 13

Question:
A particle Qof mass 5 kg rests in equilibrium o
a smooth inclined plane. The plane makes an

, . 3
angled with the horizontal, where taf = 2

Qs attached to one end of a light inextensible string which passes over a smooth pulley as shown. The other end of the
string is attached to a particle of mass 2 kg.

The particleQ is also acted upon by a force of magnit&fieacting horizontally.
Find the magnitude of

a the forceFN, b the normal reaction between partiQ and the plan

Solution:

Consider the 2 kg patrticle.

R(1)

T-29g=0
L. T=29

Consider the 5 kg particle.
R(7)

T+F cosd—-5g sin =0
S.F cosfd=5gsn 6-T

4 3
AsT=2g, cos 0= gand sind= ¢
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Fx = =5gx = -2¢g
4
F =g+ =
- 59
!
=12 (2s.f.)
R(~N)

R-F sin -5 cos =0

..R =F sin 8+5g cos ¢

59 3 4

= — X -+ X =
4 5 59 5
19

=L =47 (2sf.)
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Statics of a particle
Exercise B, Question 14

Question:

A patrticle of weight 20 N rests in equilibrium o )
a smooth inclined plane. It is maintained in
equilibrium by the application of two external
forces as shown in the diagram. One of the fo

is a horizontal force of 5 N, the other is a force5 N
PN acting at 75 ° to the horizontal.

Find a the value oP,

b the magnitude of the normal reaction between the particle and the

Solution:

Let the normal reaction ba\R

R(7)
P cos 30° -5 cos 45° - 20 sin 45° [Resolve along the plane to fifdas it is the only
=0 unknown in your equation.
3
cos 45° :iz sun 45 ° :% cos 30° QZE
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5 cos 45° +20 sin 45°

LP o= cos 30°
= (5- %+20- %) T%
_ 2502
I
_ 2506
-3
=20.4 (3s.f.)
R(™N)

R+P sin 30° +5 sin 45°
—20 cos 45° =0

..R=20 cos 45° -5 sin 45°
-P sin 30°

As

25(6

3

_ 15 256 _ 45{2-256
R~ V2 6 ~ 6
(3s.f.)

= 0.400

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 1

Question:

A book of mass 2 kg rests on a rough horizontal table. When a force of magnitude 8 N acts on the book, at an angle of
20° to the horizontal in an upward direction, the book is on the point of slipping.

Calculate, to three significant figures, the value of the coefficient of friction between the book and t

Solution:

Let the normal reaction RN, the friction force b&N and the coefficient of friction be

R(>) Resolve horizontally to find Fvertically to findR
8 cos20° -F=0 and usd- = uRto find u.

..F=8 cos 20°
R(1)

R+8sn 20° -29g=0
.R=2g-8sin 20°

As the book is on the point of slipping the friction is limiting and

F=uR

) _F

U= T
_ 8cos 20 °
~ 29-8sin 20°
_ 7518
" 16.86
=0.446 (3s.f.)
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Statics of a particle
Exercise C, Question 2

Question:

A block of mass 4 kg rests on a rough horizontal table. When a force of 6 N acts on the block, at an angle of 30 ° to the
harizontal in a downward direction, the block is on the point of slipping. Find the value of the coefficient of friction
between the block and the tal

Solution:
6N R Let the normal reaction beN\rand the Friction forc
o beFN. Let the coefficient of friction on be u
30°/ < F
W
49
R(=) Resolve horizontally to find Fvertically to findR
6 cos30° -F=0 F
and use: = —.
. F=6 cos 30° =\3=5.20 (3s.f.) R
R-6sin 30° -4g=0 3
“ R =6sh 30° +4g cos 30° =
=3+4x98 sin 30 ° ==
=422 2

R(1)

As the block is on the point of slipping

F =uR

. F
Sou =g

=0.123 (3s.f.) or0.12 (2s.f.)
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Statics of a particle
Exercise C, Question 3

Question:

A block of weight 10 N is at rest on a rough horizontal surface. A force of magnitude 3 N is applied to the block at an
argle of 60 ° above the horizontal in an upward direction. The coefficient of friction between the block and the surface
is 0.3.

a Calculate the force of frictiotb determine whether the friction is limitir

Solution:

10N

Let the normal reaction force Beand the friction force bE.

aR(=) . Find the friction force necessary to maintain
3 cos60” -F=0 equilibrium. Find the normal reaction force. Ch
"F =3 cos 60° whether F< R — non limiting equilibrium or
F = 1.5 and so frictionis 1.5 N F = #R - limiting equilibrium.
b R(1) NYE
R+3sn 60° -10=0 sin 60° =
"R =10-3sin 60 °
_ 10 3B
=10- -,
=7.40 (3s.f.)
S uR =0.3x7.40
=2.22 (3s.f.)

As F < uR the friction force is 1.5 N and is not limitir
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Statics of a particle
Exercise C, Question 4

Question:

A packing crate of mass 10 kg rests on rough ground. It is filled with books which are evenly distributed through the crate.
The coefficient of friction between the crate and the ground is 0.3.

a Find the mass of the books if the crate is in limiting equilibrium under the effect of a horizontal force of magnitude 147 N.

b State what modelling assumptions you have n

Solution:

a
R Let the normal reaction beNRand the friction force be
48 FN.

F&—@—>147
10 g+ mg
Let the mass of the books bekan Find FandR by resolving and usé = xR for limiting
friction.
R(=)
147 -F =0
. F = 147
R(1)

R-10g-mg =0
"~ R =10g+m g

As the equilibrium is limiting, = uR

.. 147 =0.3 (10g+ m g)

. 147 =3g+ 0.3m ¢
. 147 - 39
- M 0.3g

=40

b The assumption is that the crate and books may be modelled as a

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 5

Question:

A block of mass 2 kg rests on a rough horizontal plane. A f@igxs on the block at an angle of 45 ° to the horizontal.
The equilibrium is limiting, withy = 0.3.

Find the magnitude d® if

a P acts in a downward directiob P acts in an upward directic

Solution:
a
R Let R be the normal reaction andoE the force of
I 45 friction.
.
N
45° ("¢—<—F
2g
R(=) Resolve horizontally and vertically to finddnd
Pcos 45° - F =0 R, then use the condition for limiting friction.
“F = Pcos 45°
R(1)
R-P sin 45° -2g =0
~ R =P sin 45° +2g
As equilibrium is limiting,F = uR
S.P cos 45° =0.3 P sin 45° +2Q)
. Pcos 45° - 0.3Psin 45° =0.69
"~ P(cos 45° -0.3sin 45° ) =0.69
- 0.69 0 — i o _i _E
P = cos 45° —0.3sin 45° cos 45° =sin 45 N2 T2
_ 82
T7

=119N (3s.f.) or12N (2s.f.)

Let R bethe normal reaction andlfethe force of
friction.
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R
N
P
F%?’J{E”

2g

R(=)

Pcos 45° -F =0
. F = Pcos 45°

R(?)

R+P sin 45° -29g =0
"~ R =29g-P sn 45°

As equilibrium is limiting,F = uR.

. Pcos 45° =0.3(2g P sin 45° )
.. Pcos 45° +0.3Psin 45° =0.6g
S.P(cos 45° +0.3sin 45° ) =0.6g

69(2

13
=6.40N (3s.f.) or6.4N (2s.f.)

P =
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Statics of a particle
Exercise C, Question 6

Question:

A particle Pof mass 0.3 kg is on a rough
plane which is inclined at an angle 3a4 the
horizontal. The particle is held at rest on the
plane by a force of magnitude 3 N acting uy
the plane, in a direction parallel to a line of
greatest slope of the plane. The patrticle is of
the point of slipping up the plane. Find the
coefficient of friction between Bnd the

plane.

30°)

Solution:

Let Rbe the normal reaction afrdbe the force of

friction.
730"
R(7) Note that the force of friction acts down the plane.
3-F-0.3gsin 30° =0 Resolve parallel and perpendicular to the plane to
~F =3-0.3gsin 30° obtain FandR and use = uR.
=153N
R(™N)

R-0.3gcos 30° =0

.. R =0.3gcos 30 °
=2.546 N

As the particle is on the point of slipping

F =uR

. 1.53 = 4 x 2.546
_ 153

R T o

=0.601 (3s.f.) (accept0.6)
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Statics of a particle
Exercise C, Question 7

Question:

A particle of mass 1.5 kg rests in equilibriur
on a ough plane under the action of a force
magnitude Xl acting up a line of greatest
slope of the plane. The plane is inclined at
25 ° to the horizontal. The particle is in
limiting equilibrium and on the point of
moving up the plane. The coefficient of
friction between the particle and the plane is
0.25.

Calculate a the normal reaction of the plane
on P, b the value of X

Solution:

Let Rbe the normal reaction afrdbe the force

of friction.
arR( ) The force of friction acts down the plane, a
R-1.5 gcos 25° =0 as the friction is limiting= = uR.
S.R=15gcos 25° =13.3N (3s.f.) orl3N
(2s.f.)
bR( 7 )

X—-F-1.5gsin 25° =0
S.X=F+15gsin 25°

But the friction is limiting

SF =uR
= 0.25 x 13.3227
= 3.3306...
. X =3.33+1.5¢gsin 25°
=954N (3s.f.) or95N (2s.f.)
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Statics of a particle
Exercise C, Question 8

Question:

A horizontal force of magnitude 20 N acts ¢
a block of mass 1.5 kg, which is in

equilibrium resting on a rough plane incline
at 30 ° to the horizontal. The line of action
the force is in the same vertical plane as th
line of greatest slope of the inclined plane.

a Find the magnitude and direction of the frictional force acting on the block.
b Find the normal reaction between the block and the plane.

¢ What can you deduce about the coefficient of friction between the block and the

Solution:

Let the normal reaction bedhd the friction force
beF acting down the plane.

730"
aR( 7)) Draw a diagram showing all the forces acting wjith
20 cos 30° -F-1.5gsin 30° =0 friction down the plane.
) _ o _ . o Resolve along the plane.Rf> 0 then you have
-F =20 s 30 1.5gsin 30 chosen the correct direction. If€0 then friction
=9.97 (3s.f.) acts up the plane.

The friction force has magnitude 9.97 N or 10 N (2 s.f.) and acts down the plane.
bR( N)

R - 20sin 30° —1.5gcos 30° =0

S.R =20sh 30° +1.59g cos 30°
=227 (3s.f.)

The normal reaction has magnitude 22.7 N or 23 N (2 s.f.).

¢ For equilibriumF < uR
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F
Son oz =
- R

ie.:u >0.4390m>0.44 (2s.f.)
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Statics of a particle
Exercise C, Question 9

Question:

A box of mass 3 kg lies on a rough plane
inclined at 40 ° to the horizontal. The box i
held in equilibrium by means of a horizonta
force of magnitud&N. The line of action of
the force is in the same vertical plane as th
line of greatest slope of the inclined plane.
The coefficient of friction between the box
and the plane is 0.3 and the box is in limiting
equilibrium and is about to move up the plane.

a Find the normal reaction between the box and the pb Find X.

Solution:

Let the normal reaction bedhd the friction force
beF acting down the plane.

.

_~140°

R(~) You may decide to find Xrst and then use your
R—-Xsin 40° —3gcos 40° =0 answer to find R

The simplest way to find Rrst is to resolve
vertically as there is no derm in the equation
obtained.

.. R=Xsin 40 ° + 3gcos 40 ° *

R(7)

Xcos 40° -F —3gsin 40° =0
.. F=Xcos 40° - 3gsin 40 °

As the friction is limitingF = 4R

. Xcos 40° - 3gsin 40° =0.3Xsin 40° + 3gcos 40° )
. Xcos 40° - 0.3%in 40° =0.9gcos 40° + 3gsin 40°
. X(cos 40° -0.3sin 40° ) =0.9gcos 40 ° + 3gsin 40 °
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0.9ycos 40 ° + @sin 40 °

L Xo= cos 40° - 0.3sin 40°
_ 2565
T 05732
"X =448 (acceptd44.7) ox=45 (2s.f.)

Substitute into equationk to give
R=51.2orR=51 (2s.f.)
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Exercise C, Question 10

Question:

A small child, sitting on a sledge, rests in
equilibrium on an inclined slope. The sledg
held by a rope which lies along the slope ai
is under tension. The sledge is on the point
slipping down the plane. Modelling the chilc
and sledge as a patrticle and the rope as a |
inextensible string, calculate the tension in the
rope, given that the mass of the child and
sledge is 22 kg, the coefficient of friction is
0.125 and that the slope is a plane inclined at
35 ° with the horizontal. The direction of the
rope is along a line of greatest slope of the

plane.
Solution:
R < Let the normal reaction bednd the friction be F
acting up the plane.
The friction acts up the plane, as the sledge is
£ the point of slipping down the plane.
R(7)

T+F-22gsin 35° =0 *

R(™N)

R — 22gcos 35° =0
.. R =22gcos 35°

R =176.6

Normal reaction is 180 N (2 s.

As the friction is limiting,F = R

S F =0.125 x176.6
=221 (3s.f)

Friction is 22 N (2 s.f.)

Substitute into equationk to give
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T =22gsin 35 - 22.0.76...
=101.6
=102 (3s.f.)

Tension is 100 N (2 s.
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Exercise C, Question 11

Question:

A box of mass 0.5 kg is placed on a plane
which is inclined at an angle of 40 ° to the
horizontal. The coefficient of friction betwee

the box and the planeis . The box is kept

equilibrium by a light inextensible string
which lies in a vertical plane containing a lir
of greatest slope of the plane. The string
makes an angle of 20 ° with the plane, as
shown in the diagram. The box is in limiting
equilibrium and may be modelled as a
particle. The tension in the string idlTFind
T

a if the box is about to move up the plane,

b if the box is about to move down the pl:

Solution:

Let the normal reaction bedhd the friction force
beF.

In part a Facts down the plane and in plant:'
ads up the plane.

R(™N)

R+ Tsin 20° - 0.5gcos 40° =0
.. R=0.5gcos 40 ° -Tsin 20°

R(7)

T cos 20° -F - 0.5gsin 40° =0
S.F=T cos 20° - 0.5gsin 40 °

As the friction is limitingF = uR
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.. T cos 20° —-0.5gsin 40° :% (0.5gcos 40 °Tsin 20° )
.. T cos 20° +%Tsin 20 ° =0.1gcos 40° + 0.5gsin 40°
. T(cos 20° + ¢ sin 20° ) =3.900

3.900

L T= cos 20° + 0.2sin 20°= 3.87N

Tension is 3.9 N (2 s.f.)

b
a7 Let the normal reaction bedhd the friction force
INA beF .
\ QL E
e
f/{;mo 05g

The change from is the direction of the friction force.

. R=0.59cos 40° -Tsin 20 ° as before
andF' =0.5gsin 40° -T cos 20° (i.eF = -F)

AsF' =uR

0.5¢sin 40 ° =T cos 20° :% (0.5gcos 40° Fsin 20° )

.. 0.5gsin 40 ° - 0.1gcos 40° F cos 20° - %Tsin 20°

.2399=T(cos 20° - 0.2sin 20° )

2.399
(cos 20° -0.2sin 20° )
=2.75
=28N (2s.f.)

T =

Tension is 2.8 N (2 s.f
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Statics of a particle
Exercise C, Question 12

Question:

A box of mass 1 kg is placed on a plane, 10N
which is inclined at an angle of 40 ° to the
horizontal. The box is kept in equilibrium by
light inextensible string, which lies in a
vertical plane containing a line of greatest
slope of the plane. The string makes an an
of 20 ° with the plane, as shown in the
diagram. The box is in limiting equilibrium
and may be modelled as a patrticle. The
tension in the string is 10 N and the coeffic
of friction between the box and the plane.is u
Findu if the box is about to move up the
plane.

Solution:

R(™)

R+ 10sin 20 ° —gcos 40° =0

.. R =gcos 40° - 10sin 20 °
= 4.087

R(7)
10 cos 20° +F—-gsin 40° =0

S.F =10 wms 20° —gsin 40 °
= 3.0976...

As the friction is limitingF = uR
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0.758 (3s.f.)
Sou =0.76 (2s.f.)
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Statics of a particle
Exercise D, Question 1

Question:

15N
> A particleP of mass 2 kg is held in equilibrium under gravity by two

light inextensible strings. One string is horizontal and the other is inclined at amdaghe horizontal, as shown in t
diagram. The tension in the horizontal string is 15 N. The tension in the other sfringvigons.

a Find the size of the anga. b Find the value oT.

Solution:

2g
R(=)

15-T cosa =0
ST cosa =15 (1)

R(1)

Tsina-29g =0
ST sina =29 (2)

Divide equation (2) by equation (1)

T sin « _ 2_g
T cos «a T 15
]
tan a = 15

= 1.307

Lo =52.6°

Substitute into equation (
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T cos 52.6° =15
15
T= cos 52.6° 24.7
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Statics of a particle
Exercise D, Question 2

Question:

A particle is suspended by two light inextensible strings and hangs in equilibrium. One string is inclined at 30 ° to the
horizontal and the tension in that string is of magnitude 40 N. the second string is inclined at 60 ° to the horizontal.
Calculate in N

a the weight of the particlb the magnitude of the tension in the second s

Solution:

Let the weight of the particle B&N and the tension in the second stringibe
R(>)
40 cos 30° -T cos 60° =0

_ 40 cos 30°
cos 60 °

=40{3 ( =69.3N)

T

R(?)

T sin 60° +40 sin 30° W=0
SW=T sin 60° +40 sin 30°

1

_ . B a0
Substltuté':40r3, sin 60° =" and sin 30° =

ThenW =60 + 20
=80

". the weight of the particle is 80 N and the tension in the second string is 69.3 N

Alter native method

R(7)
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40-W cos 60° =0
SWoecos 60° =40

40
cos 60 °

= 80.

W=

bR( ™)

T-W sin 60° =0

2. T =W sin 60°
:80%

= 40(3

=69.3 (3s.f.)
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Statics of a particle
Exercise D, Question 3

Question:

0

P IF NA particleP of weight 6 N is attached to one end of a light inextensible string.
The other end of the string is attached to a fixed point O. A horizontal force of madghieseons is applied tB. The
particleP is in equilibrium under gravity with the string making an angle of 30 ° with the vertical, as shown in the
diagram.

Find, to three significant figures,
athe tension in the strinb the value oF.

Solution:

(o) Let the tension in the stringl=N.

FN

aR(1)

T cos 30° -6=0

_6
cos 30°

The 6.93 tension is 6.93 N ( 3s.f.)

b R(—)

F-T sin 30° =0
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S F =T sin 30°

1
= X —
T 2

=3.46. (3s.f.)
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Statics of a particle
Exercise D, Question 4

Question:

g
TN A body of mass 5 kg is held in equilibrium under gravity by two
inextensible light ropes. One rope is horizontal, the other is at anatmtae horizontal, as shown in the diagram.

The tension in the rope inclinedato the horizontal is 72 N. Find
a the anglex, giving your answer to the nearest degree,

b the value oT to the nearest whole numk

Solution:

72

aR(1)

72 sina-59=0

59
72

0.681
=43 ° ( nearest degree)

sin a =

b R(—)

T-72 cosa=0
T =72 ©S «
=52.8
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. Tension is 53 N to the nearest Newton
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Statics of a particle
Exercise D, Question 5

Question:
B
12N
N
: > C
ENw
A In the diagram,~ AOC = 90° and ~ BOC=6".A

paticle atO is in equilibrium under the action of three coplanar forces. The three forces have magnitudes 8 N, 12 N and
XN and act alon@®A, OB andOC respectively. Calculate

a the value, to one decimal place gf

b the value, to two decimal places,X.

Solution:
B
12 M
\_ﬁ
o' e C
XN
8N
A
a
R(1)

12 cos (6—-9C° ) -8=0
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cos (#—-90° ) = %
S.0-90° =48.2°
.0 =138.2° (1d.p.)
b R(—»)

X-12 sin (6-90° ) =0

X =12 $n 48.2°
=8.95 (2d.p.)
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Exercise D, Question 6

Question:

The two ends of a string are attached to two pdiraisd B of a horizontal beam. A package of mass 2 kg is attached to
the string at the poir€. When the package hangs in equilibriumBAC = 20° and ~ ABC = 40", as shown below.

A B

20° | 405

C

By modelling the package as a particle and the string as light and inextensible, find, to three significant figures,

a the tension itAC, b the tension iBC.

Solution:

Ao 40"
e

2gN
Let the tension itAC be TN and the tension iBC be SN.
R(=)
Scos 40° -T cos 20° =0 Q)
R(1)
Ssin 40° +T sin 20° -=0 (2)
Solve the simultaneous equations (1) and (2)
(1) x sin 40° - (2) x cos 40°
—T sin 40° cos 20° -T sin 20° cos 40° +@ cos 40° =0

S.T( sin 40° cos 20° + cos 40° sin 20° ) m2cos 40 °
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2g cos 40°
sin 40° cos 20° + cos 40° sin 20°

17.3 [NBsin 40° cos 20° + cos 40° sin 20° = sin 60 ° ]

Substitute the value dfinto equation (1)

T cos 20°
cos 40°

21.3

ThenS
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Statics of a particle
Exercise D, Question 7

Question:
A block of mass 3 kg rests on a rough, horizontal table. When a force of magnitude 10 N acts on the block at an angle of
60 ° to the horizontal in an upwards direction, the block is on the point of slipping. Calculate, to two significant figures,

the value of the coefficient of friction between the block and the

Solution:

Let the normal reaction bR, N the friction force b&N and the coefficient of friction bhe
R(=)

10 cos 60° F =0

" F =10 ws 60°
F =5

R(1)

R+ 10 sin 60° -§=0

..R =3g-10 sin 60°

=3g-5{3
=20.7

As the block is an the point of slipping, the friction is limiting &d u«R.

. F
=R

5

20.7
=0.2410.24 (2sf.)
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Statics of a particle
Exercise D, Question 8

Question:

A particleP of mass Tis placed on a rough horizontal table, the coefficient of friction bet®Wemrd the table being
A force of magnitude r2g, acting upwards at an acute angl® the horizontal, is applied #and equilibrium is on the

5
point of being broken by the particle sliding on the table. Given thattary,, find the value ofi.
Solution:

(=4 Let the normal reaction ba\Rand the friction force
beFN.

RE)
2m g cosa—-F=0

S F=2m g cos a

R(1)

R+2m g sin a—7m g=0
SR=7m g-2m g sin a

As the friction is limiting,F = uR.

. F
=R

2m g cos a
mg-2m g sin a

5 5 12

sina= 3 and cosa = 3

Astan a = 12
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2m ><1—2
g 13

5
mg-2m gx —
g g 13

24
81
8
27
0.296 (3s.f.)
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Statics of a particle
Exercise D, Question 9

Question:

PN

15%

A box of mass 50 kg rests on rough horizontal ground. The
codficient of friction between the box and the ground is 0.6. A force of magnitugevons is applied to the box at an ar

of 15° to the horizontal, as shown in the diagram, and the box is now in limiting equilibrium. By modelling the box as a
particle find, to three significant figures, the valueP.

Solution:

Let the normal reaction beNRand the frictional force beNk

R(=)

F-P cos 15 =0
" F =P cos 15°

R(1)

R-P sin 15° -50g=0

. R=P sn 15° +50g

As the friction is limiting, F= uR

.P cos 15 =0.6 (P sin 15" +50g9)
.. P cos 15 - 0.6P sin 15" = 30g

P( cos 15 -0.6 sin 15 ) =30g

30g
cos 15 —-0.6 sin 15

P =363
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Statics of a particle
Exercise D, Question 10

Question:

A book of mass 2 kg rests on a rough plane inclined at an andgie the horizontal. Given that the coefficient of
friction between the book and the plane is 0.2, and that the book is on the point of slipping down the plane, find, to the
nearest degree, the valuea.

Solution:
.?3*‘*
I.tx ,.e’:-? ?ﬁf"x
;J_.-'
.-"ff;f
’ 2
; f,-’ g
_Aa
R(7)

F-29 sin a=0

S.F=2g sin «

R(N)

R-2g cosa=0

S.R=2g cos a

As the friction is limiting,F = uR
.29 sin a=0.2%x2 cos a
Divide both sides by@ cos «

tan ¢ =0.2
Lo =11.3"

a =11° (to the nearest degree )
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Exercise D, Question 11

Question:

a A book is placed on a desk lid which is slowly tilted. Given that the book begins to slide when the inclination of the lid
to the horizontal is 30 °, find the coefficient of friction between the book and the desk lid.

b State an assumption you have made about the book when forming the mathematical model you used tca.

Solution:
Eﬁ"" Let the normal reaction be\Rthe friction be N
AN ™ and the mass bakg.
f};;}/
.-"Ff#
o
-
##.f’ mg M
o
~30°
a
R(7)

F-mgsin 30° =0

R(N)

R-mgcos 30° =0

As the friction is limitingF = uR

s.m g sin 30° =um g cos 30°

Divide both sides byng cos 30 °.

m g sin 30°

m g cos 30° K

U = tan 30°
_ B
T3
=0.577

b The book was modelled as a parti
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Exercise D, Question 12

Question:

A particle is placed on a smooth plane inclined at 35 ° to the horizontal. The particle is kept in equilibrium by a
harizontal force, of magnitude 8 N, acting in the vertical plane containing the line of greatest slope of the inclined plane
through the particle. Calculate, in N to one decimal place,

a the weight of the patrticle,
b the magnitude of the force exerted by the plane on the p:

Solution:

Let the normal reaction beN\rand let the weight of
the particle be WN.

aR( 7))

8 cos 35° W sin 35° =0

W sin 35° =8 cos 35°

) _ cos 35°
- W =8 sin 35°
w =114
bR(N)

R-8 sin 35° -W cos 35° =0

SR =8 d9n 35° +W cos 35°
R =13.9
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Statics of a particle
Exercise D, Question 13

Question:

3
A particle of mass 0.3 kg lies on a smooth plane inclined at an atglihe horizontal, where tarr 7. The particle is

held in equilibrium by a horizontal force of magnitudaewtons. The line of action of this force is in the same vertical
plane as a line of greatest slope of the inclined plane. Calculate the vQ, to one decimal plac

Solution:

Let the normal reaction force b&R

o~
-~
~a

R(7)

Q cos a -0.3gsin a=0
S.Q cos a =0.3 sin a
. _ 03y sina
-Q - oS o

=0.3g tan a
3

Buttan a = 7
©Q =03x

=22 (1d.p.)
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Exercise D, Question 14

Question:

A small boat Bof mass 100 kg is standing on a ramp which is inclined attb8
the horizontal. A force of magnitude 400 N is applied tari8l acts down the ramp as shown in the diagram. The boat is in
limiting equilibrium on the point of sliding down the ramp. Find the coefficient of friction betwestBhe ramp, giving
your answer to two decimal plac

Solution:

Let the normal reaction beNRand the friction b&N.

AN
et
P
A8
R(7)
F - 400-100gsin 18" =0
. F =400+ 100g sin 18°
=702.8
R(™N)
R - 100y cos 18 =0
" R =100y cos 18°
=932.0

As the Friction is limiting == R

. _ F
Sou= g

= 0.754
=0.75(2d.p.) .
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Exercise D, Question 15

Question:

] A parcel of mass 5 kg lies on a rough plane inclined at an angltodhe

3
horizontal, where tan= 7. The parcel is held in equilibrium by the action of a horizontal force of magnitude 20 N, as

shown in the diagram. The force acts in a vertical plane through a line of greatest slope of the plane. The parcel is on the
point of sliding down the plane. Find the coefficient of friction between the parcel and thi

Solution:
Eﬁ' Let the normal reaction beNRand the friction be
'X ™ FN.
20N ,-f"d-'iff
-~
.-"{f/
/’f 5gN
_Aa
R(7)
F - 59 sin a+20 cosa=0

S.F =5g sn a-20 cosa

3 3 4
Astana= 7, sina= 7 and cosa= ¢
S.F=3g-16
R(~)

R - 20 sina-5g cos a=0
.R =20 sn «a+5g cos «a

=12+ 4g

As the friction is limitingF = uR
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=
|
T | T

3g-16
12 + 4
13.4
51.2

=0.262 (3s.f.)
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Statics of a particle
Exercise D, Question 16

Question:

A small parcel of mass 3 kg is held in equilibrium on a rough plane by the
action of a horizontal force of magnitude 30 N acting in a vertical plane through a line of greatest slope. The plane is
inclined at an angle of 30 ° to the horizontal, as shown in the diagram.

The parcel is modelled as a particle. The parcel is on the point of moving up the slope.
a Draw a diagram showing all the forces acting on the parcel.
b Find the normal reaction on the parcel.

c Find the coefficient of friction between the parcel and the

Solution:

Let the normal reaction be\Rand the friction be
FN.

bR( 7))

30 cos 30° +-3g sin 30° =0

"F =30 cos 30° -3gsin 30°

=11.28
R(~)
R - 30 sin 30° —3gcos 30° =0
..R =30sn 30° +3gcos 30°

= 40.46

c As the friction is limiting F = uR.
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0.2788
=0.279 (3s.f.).
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Statics of a particle
Exercise D, Question 17

Question:

A box of mass 6 kg lies on a rough plane inclined at an angle of 30 ° to the
horizontal. The box is held in equilibrium by means of a horizontal force of magritndeitons, as shown in the
diagram.

The line of action of the force is in the same vertical plane as a line of greatest slope of the plane. The coefficient of
friction between the box and the plane is 0.4. The box is modelled as a particle. Given that the box is in limiting
equilibrium and on the point of moving up the plane, find,

a the normal reaction exerted on the box by the plane,
b the value oP.
The horizontal force is removed.

¢ Show that the box will now start to move down the pl

Solution:

Let the normal reaction be\Rand the friction be
FN.

aR(1)

R cos 30° -F sin 30° -@=0 Q)
As the friction is limiting,F = R

SF=04R

Substitute into equation (
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..R cos 30° - 0.4Rsin 30 ° =69
..R( cos 30° -0.4 sin 30° )=6g

_ 69
cos 30° -0.4 sin 30°
R =88.3
b R(—)
P - Rsn 30° -F cos 30° =0

S.P =R sin 30° +0.4Rcos 30° (a$ =0.4R)
=88.3( sin 30° +0.4 cos 30°)

=747
C
?3;&- Draw a new sketch with the new normal reactibh R
N e and friction force IN.
T
Fxf”
.-"ff-’f
7 6 g
30
R(~N)
R - 6gcos 30° =0
"R =6g cos 30°
=50.9
SouR =204
R(7)

Resultant force down the plane = 6gn 30 ° —-F
=294 -F

As maximum valu¢ can take is 20.4, there is a resultant force of 9 N down the plane and the box wi
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Statics of a particle
Exercise D, Question 18

Question:

A box of mass 1.5 kg is placed on a plane which is inclined at an angle of

1
30 ° to the horizontal. The coefficient of friction between the box and plage is . The box is kept in equilibrium by a

light string which lies in a vertical plane containing a line of greatest slope of the plane. The string makes an angle of
20 ° with the plane, as shown in the diagram.

The box is in limiting equilibrium and is about to move up the plane. The tension in the sTringvisons. The box is
modelled as a patrticle. Find the valueT.

Solution:

Let the normal reaction beN\Rand the friction force
beFN.

R(7)
T cos 20° -F-1.5 sin 30° =0
S.F=T cos 20° -1.§ sin 30°
R(N)

R + T sin 20° —1.5gcos 30° =0
.R =15 cos 30° -T sin 20°

As the box is in limiting equilibriurrF = 4R
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T cos 20° - 1.5gsin 30° =

w |~

(1.5gcos 30° -T sin 20° )
T cos 20° + %T sin 20 ° =0.5g cos 30° +1.5gsin 30°

~T( cos 20° +% sin 20° )=0.5g cos 30° +1.5gsin 30 °

) 1159
T T 1.054
T =11.0
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Exercise D, Question 19

Question:

A rough slope is inclined at an angl¢o the horizontal, where < 45° . A
small parcel of masM is at rest on the slope, and the coefficient of friction between the parcel and the glépéoixe
of magnitudekMg, wherek is a constant, is applied to the parcel in a direction making an @amgtk a line of greatest
slope, as shown in the diagram.

The line of action of the force is in the same vertical plane as the line of greatest slope. Given that the parcel is on the

1 COst — Sina

point of moving down the slope, show thiat: cost — 1 sina

Solution:
KMg N/ Let R be the normal reaction andoE the force of
v/ friction.
‘iﬁ\\ ;V -
’.\H#f”f
e
.:___,.-"
D i
- mg M
-~
7
~<a
R(7)
F - kM gcosa-M g sn a=0

“"F =M g(k cosa+ sin a)
R( ™)

R - kM gsna-Mgcosa=0
SR =M g(k sin a+ cos a)

As the friction is limiting;F = uR.
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"M g(kcosa+ sna) =uM g(k sin a+ cos a)

.k cos a—uk sin a =u CoS a-— Sin a

“k( cosa-u sin a) i COS a— sin a

[ COS a— Sin a

~k =

CoS a—u Sin a
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Statics of a particle
Exercise D, Question 20

Question:

2.2kg

3
angled to the horizontal, where tafl = 7. A string is attached th and passes over a small smooth pulley fixef@ at

A parcelA of mass 2 kg rests on a rough slope inclined at an

The other end of the string is attached to a welghft mass 2.2 kg, which hangs freely, as shown in the diagram.

The parcel is in limiting equilibrium and about to slide up the slope. By modelirandB as particles and the string
as light and inextensible, find

a the normal contact force acting n
b the coefficient of friction betweeA and the slop

Solution:

a
Let the normal reaction be\rRand the friction be
FN acting down the plane. Let the tension in the
™ string be N.

=38 22gN
Consider the 2 kg mass.

R(7)

R - 2gcosfd=0

.. R =29 cos 6

3 . 3 4
Astan 6 = 4 Sin 0= 5and cosd = 5
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: — 4

..R—ng5
- 8
T 5

R =1568
=157 (3sf.)

b Consider the 2.2 kg mass.

R(1)

T- 229 =0
T =2.29

Consider the 2 kg mass.
R(7)

T - F-2gsin =0
S.F =T-2g sin 6

ButT=22gand sinf= 7

“F =22g-2gx 2

e.:F =g
“F =98

As the Friction is limiting- = R

F

98 . 8
15.68 (org- 5 )

= 0.625 org
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Exercise D, Question 21

Question:

A light inextensible string passes over a smooth peg, and is attached at one end to
aparticle of massn kg and at the other end to a ring also of nrmagg. The ring is threaded on a rough vertical wire as
shown in the diagram. The system is in limiting equilibrium with the part of the string between the ring and the peg
making an angle of 60 ° with the vertical wire.

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significan

Solution:
Let the normal reaction, the friction and the tension
beRN, FN and N respectively.
NA ™
| 60°~T ™
RN < ./
S g

mg

Consider the particle of mass
R(1)

T -mg=0
“T =mg

Consider the ring.
R(=)
T sn 60 -R=0

"~ R =T sin 60 °
=m g sin 60°

\3

=m g?
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R(?)

F + Tcos60° -mg=0
S F =m g-T cos 60 °

1
=mg- ;mg
_ 1
_2mg

As the friction is limitingF = uR

) F
SoH= g
_1 \E
= Z;mg=mg-;
_ 1
R E!
=0.577 (3s.f.)
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Statics of a particle
Exercise D, Question 22

Question:

(

A light inextensible string passes over a smooth peg, and is attached at one end to a particlenof mass 3
kg and at the other end to a ring of massk@mThe ring is threaded on a rough vertical wire as shown in the diagram.
The system is in limiting equilibrium with the part of the string between the ring and the peg making an angle of 30 °
with the vertical wire.

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significan

Solution:
Let the normal reaction, the friction and the tension
FN beRN, FN and N respectively.
™
RN < 3 mg
1
2 mg

Consider the 3 kg particle.

R(?)

T - 3mg=0
~T =3mg

Consider the nkg ring.

R(>)
R - Tsin 30° =0
SR =T sin 30°
SR =3mg sin 30°,asf=3m g
. _ 3mg
SR o= >
R(1)
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Tcos 30° -F-2m g=0
“F =T cos 30° -2m ¢

=3m g% -2m g=0.598m g
As friction is limiting: F = uR
_0.598n g

.- E
AT R T 1smg
=0.399 (3s.f.)
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Statics of a particle
Exercise D, Question 23

Question:

A ring of mass 0.3 kg is threaded on a fixed, rough horizontal curtain pole. A
light inextensible string is attached to the ring. The string and the pole lie in the same vertical plane. The ring is pulled

1
downwards by the string which makes an angle the horizontal, where tar= 7 as shown in the diagram.

The tension in the string is 2.5 N.
Given that, in this position, the ring is in limiting equilibrium,
a find the coefficient of friction between the ring and the pole.

The direction of the string is now altered so that the ring is pulled upwards. The string lies in the same vertical plane as
before and again makes an anglsith the horizontal, as shown in the diagram below.

The tension in the string is again 2.5 N.
b Find the normal reaction exerted by the pole on the ring.

c State whether the ring is in equilibrium in the position shown in the second figure, giving a brief justification for your
answer. You need make no further detailed calculation of the forces

Solution:

a
RM Let the normal reaction and friction force be
M RN and FN respectively.

FN <—®

R(=)

28 coc a—-F=0
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.. F=2.5 cosa.

. 1
Astan a = sin a = ﬁ and coso =

7
Pythayoras' Theorem.

4
S F=25x ﬁ =2.425

R(1)

R - 0.3g-25 sina=0
1

"R =03g+25x &=

= 3.546

As the friction is limitingF = uR

R(1)

R’ + 2.5 sina=0.3y
1

"R’ =0.39-25x%

=2.33

iy
7T from

Page2 of 3

Let the new normal reaction be R, the
friction remains N.

¢ To maintain equilibriunt would need to be 2.425 N (as in part

But the maximum valu€ can take igR

i.e.: 0.68x 2.37 (1.59¢N )
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As 2.42% > 1.59¢ the ring is not in equilibriur
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Moments
Exercise A, Question 1

Question:
Calculate the moment abdatof each of these forces acting on a lamina.

F 3

3N

1
B et e a7
2m

Solution:

Moment = 3 x 2 =6 Nm clockwise

3N
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Moments
Exercise A, Question 2

Question:
Calculate the moment abdatof each of these forces acting on a lamina.

7N

= >

' 1.5m

M
P
Solution:

TN Moment =7 x 1.5 =10.5 Nm clockwise

'16m

P
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Moments
Exercise A, Question 3

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Solution:

Pa Moment =2 x 6.5 =13 Nm anticlockwise
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Moments
Exercise A, Question 4

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

8N
F
Solution:
7\ Line of action passes throughsB the distance is
/ zero.
/ Moment = 0 Nm
(No turning effect)
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Moments
Exercise A, Question 5

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Pe---"""""5m
Solution:
\\ [Draw in the right angled triang]e.
¢ tmme ?R Perpendicular distance =5 x sin 30 °
TR _3_@?"?;\\ Moment =4 x5 sin 30 °
R m =10 Nm anticlockwise
=) v
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Moments
Exercise A, Question 6

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

L am
P
Solution:
el [Draw in the right angled triang]e.
3.6 Nﬁ»-*j?’x The angle inside the triangle is 180 ° - 140 °
—~40%" 140° °
J-ﬂ:"'.## =40 ’
£ so he distance =5 x sin 40°

Rrcneinat " M Moment=3.6 x5 sin 40°
%Sl ~11.6 Nm clockwise

s

'D
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Moments
Exercise A, Question 7

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Solution:

Distance = 7.2 x sin 45°
Moment =6 x 7.2 sin 45°
~ 30.5 Nm anticlockwise

7.2 sin 45°

e s P
7.2m

© Pearson Education Ltd 2C
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Moments
Exercise A, Question 8

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

SN

3115’1“5
op
Solution:

5N moment = 0 Nm

Im

ﬂ_.P

© Pearson Education Ltd 2C
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Moments
Exercise A, Question 9

Question:
Calculate the moment abdatof each of these forces acting on a lamina.
TEn =g P

- '-.\_6{]&;
R

!

2.8 m__

Solution:
B Distance =2.8 x cos 60 °
28m _.~60% Moment =9.5x2.8 cos 60 °
Elisr  n™ /2.8 x cos 60° =13.3 Nm clockwise
T
9.5N e
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Moments
Exercise A, Question 10

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

F
Solution:
[Draw in the right angled trianglk.
The angle inside the triangle =180° - 137 °
=43°
Y- P Distance =6.2 x sin 43°

; Moment =8 x 6.2 sin 43 °
S 52xsind3" ~ 338 Nm anticlockwise
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Moments
Exercise B, Question 1

Question:

These diagrams show sets of forces acting on a light rod. For each rod, calculate the sum of the momiénts about

a b
ZN 4N
p,1m Im [ | f
. l_‘ 2m l 1m 1m!
3N 2N 3N
C d
3N 4N 3N 2N
1 m lm Zm 4 P
ll P I 2m 1m- 1m
TN
4N
e f
2N 3N 2N 2N

1m 1m 1m 1m o
l f P

4—
e
[ %)
z.
Z

1M 4N
Solution:
a
2N 0 (Total of moments for forces acting clockwise about
PX3x1=3 Nm
i e O (Total of moments for forces acting anticlockwise
Pe about B:
(1+3) x2 =8 Nm
Sum of moments =8 - 3
3N =5 Nm anticlockwise
b
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N O4x (2+1) +3x1=15 Nm
O2x1 =2 Nm
f Sum of moments =15-2
2m ‘—\| 1m im =13 Nm clockwise
2N 3N
Cc
3N 4N H3x1 =3 Nm
L FJ O7x (1+1) +4x2=22 Nm
Im: [plm: 2m Sum of moments =22-3
j/—‘ P =19 Nm anticlockwise
T
d
3N eN H3x1 =3 Nm
11 r] O2x1+4x (2+1) =14 Nm
f Sum of moments =14-3
j/—‘ 2m Tm Tm =11 Nm anticlockwise
4 M

O3x (1+1) +2x ~ 12 Nm

e
ZN 3N
(1+1+1)
1m 1m 1m 1m O4x1+1x (1+1+1+1) =8 Nm
*p

Sum ofmoments =12-8
=4 Nm clockwise

1M 4 M
f
2N 2N i 1x1+2x1 =3 Nm
O2x (1+1) +3x - 10 Nm
1m 1im _1m 1m (1+1)
P Sum of moments =10-3
=7 Nm anticlockwise
IN 1N
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Moments
Exercise B, Question 2

Question:

These diagrams show forces acting on a lamina. In each case, find the sum of the moments of the set of fétces about

a b
3N 4N
Y Fy
2m
(1. 2m __  S5m | [T B
P ] :
'3m
. e
2N — ,
& 3N
d
IN
Fy
P i
izm
SN+ '—l

Solution:
a
Gh U3x2+2x5=16 Nm
O None
”]Em.EmL Sum ofmoments =16 Nm clockwise
P
g
2N
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b
4 M
/1
Z2m
B et o
3m
] =

3N

d
3N
P SRl o P e A
T
2m
5N < - []
e
4N

PhysicsAndMathsTutor.com
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O 4x2 =8 Nm
O 3x3 =9 Nm

Sum of moments =9 -8
=1 Nm anticlockwise

O 6x4 =24 Nm
O 7x2 =14 Nm

Sum of moments =24 - 14
=10 Nm clockwise

O 5x2 =10 Nm

O 3x1 =3 Nm
Sum of moments =10 -3
=7 Nm clockwise

O 3x0.9 =2.7 Nm

O 4x0.8 =3.2 Nm

Sum ofmoments =3.2-2.7
= 0.5 Nm anticlockwise
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S O 5x0.8 =4 Nm
)U 6> (2.5 sin 65% _ 13504... Nm
255"' or (6x sin 65° )
25m: x 2.5
or (6x cos 25°)
: x 2.5
er
5 Sum of moments =13.594.... -4
0.8m ] ~9.59 Nm anticlockwise

5N
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Moments
Exercise C, Question 1

Question:

Pagel of 2

AB is a uniform rod of length 5 m and weight 20 N. In these diagfdBris resting in a horizontal position on suppor
C andD. In each case, find the magnitudes of the reactio@saatdD.

a b
lm C 3m D 1m 2m [ 2m D 1m
A B A B
AN LN FAY N
C d
l.bm C 2.5m D 1m 1.5m C 2.7m D 0.8m
A B A B
A VAN VAN AN
Solution:
a
Re Rp R(1)
RC+RD:20

2 jﬂ.ﬁ 1.5 J1
A m m m m B

& J
20N

Re

AN

Rp

A 1.5m C,‘\ 2m 0.5m D] 1m 5

-

20N

PhysicsAndMathsTutor.com

AN

Taking moments about:
3xRy;=20x15=30

= R, =10 N andR. = 10N

R(1)

R-+Ry=20

Taking moments abouE:
Ry*x2=20x05=10

= Ry =5NandR. = 15N

R(1)

Re *+ Rp =20
Taking moments about:
Ry x25=20x1=20
SR, 20 _

T 25

8NandR=12N
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K¢ Rp

1.5m GT Tm 1.7m .J(}.Bm
A J JaAN

20N

© Pearson Education Ltd 2C
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Rc+ Ry =20
Taking moments abouE:
27xRy =20x1=20

> Rp

20
= — =7.4NandR, = 12.6 N
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Moments
Exercise C, Question 2

Question:

Each of these diagrams shows a light rod in equilibrium in a horizontal position under the action of a set of forces.

a b
XN YN 15N YN
F 3 'y F Y F
1m 2m 1m 1m 2m 1m
v v v
10N 15N 20N XN
C d
S5gN AN 2XN 3XN
2m | 2m Jm |dm dm | 1m 1.sm | 1m
S N 10g N 15 N 5g N 10g N 10g N
Solution:
a
XN YN R(1)

X+Y=10+15=25
Taking moments abolt

im_ | Zm 1m 15x (2+1) =10x1+Yx2
P = 45 =10+2Y, 2Y=35,Y=175
P L =X =75adY=175
10 N 15 N
b
15 N YN R(1)
T 15+Y=20+X,Y-X=5
Taking moments abot:
1m 2m 1m 20x (2+1) =15x2+Xx1
P = 60 =30+X, X=30
! = X =30andY = 35
20 N XN
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5g N XN R(1)
59+ X =5g+ 10g+ 15g= 30g
= X =25¢g= 245

2Zm 2m am am
B | Taking moments abouR:
15gx d + 5g x =10gx 3 + 5gx
d; 4 Je (2+3) (2+2+3)
5gN 10gN 15gN = 15g d+ 25¢g = 30g + 35¢
= 15d =40,d=27
d
2X N 3XN R(M)
2X+ 3X =5g+ 10g+ 10g= 2%
dm 1m 1.5m 1m = X =5g=49
B " ; | Taking moments abouR:
5gxd + 15gx (1+1.5)
i 3P & =10gx 1+10gx (1+15+1)
5g N 10g N 10g N

= 5d+15%x25=10+35,5d=7.5,
=>d =15

© Pearson Education Ltd 2C
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Moments
Exercise C, Question 3

Question:

Jack and Jill are playing on a see-saw made from a uniform ARk length 5 m pivoted a¥l, the mid-point ofAB.
Jack has mass 35 kg and Jill has mass 28 kg. Jill gis/éhere must Jack sit for the plank to be in equilibrium when
horizontal’

Solution:

R Suppose that Jack sitsn from B

T Taking moments about the pivad):
p 25m M| @25-x)m xm _ 28gx 2.5 =35¢gx (2.5-x)

PN L = 28 x25=35(2.5 %)
289 35¢ 5(25-x) =4x2.5=10

25-x=2, >x=0.5
Jack sits 0.5 m from B

© Pearson Education Ltd 2C
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Moments
Exercise C, Question 4

Question:

A uniform rodAB of length 3 m and mass 12 kg is pivote€CatvhereAC = 1 m. Calculate the vertical force that must
be applied aA to maintain equilibrium with the rod horizon

Solution:
v R Suppose that the force required idl\Acting
vertically downwards aA.
Taking moments about the piva@l)(
1m 0.5 m 1.5 m Vx1 =0.5x%x12g

A - B
; =>V =6g=59N(2s.f)

S
129
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Moments
Exercise C, Question 5

Question:
A broom consists of a broomstick of length 130 cm and mass 5 kg and a broomhead of mass 5.5 kg attached at one end.

By modelling the broomstick as a rod and the broomhead as a particle, find where a support should be placed so that the
broom will balance horizontall

Solution:
R Let the support bg m from the broomhead.
T Taking moments about the support:
5.5gx x =5gx (0.65-x)
0.65m 065 —xm xm B 5.5x =5 x 0.65 — 5x
: 3! : :
- 105x  =3.25
X ~0.31
g; EEG The support should be 31 cm from the broomhead.
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Moments
Exercise C, Question 6

Question:
A uniform rodAB of length 4 m and weight 20 N is suspended horizontally by two vertical strings atta¢haddaaB.

A particle of weight 10 N is attached to the rod at pGinivhereAC = 1.5m. Find the magnitudes of the tensions in the
two strings

Solution:
Ta Ts Let the tensions in the two strings bEaTnd |
respectively.
R(1)
" 15m 05m 2m . TA+TB=1O+20:3O
l Taking moments about poirt
10 N 10x15+20x%x (1.5+05)=4xTg
20 N = 4T3 =15+40=55,T3 =13.75N
andT, =16.25 N
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Moments
Exercise C, Question 7

Question:

A uniform plankAB of length 5 m and mass 30 kg is resting horizontally on suppd@tsuatiD, whereAC = 1 m and
AD = 3.5m. When a patrticle of mass 14 kg is attached to the rod atfiatmagnitude of the reactionGis equal to
the magnitude of the reactionD. Find the distancAE.

Solution:

R(1)

R+ R=30g+ 149 = 449> R=22g
Let distanceAE = xm

im [15m _1m | 15m Taking moments abou:

> 20
o

A
*’g J,F A Rx 1 +Rx 3.5 = 30gx 2.5 + 14gx x
14 30g = 4.5 x 229= 759+ 14gx
99 = 75 + 14x
AE~1.71m
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Moments
Exercise C, Question 8

Question:

A uniform rodAB has length 4 m and mass 8 kg. It is resting in a horizontal position on supports aCEoidi3 were
AC = 1m andAD = 2.5m. A particle of mass m kg is placed at p&inthereAE = 3.3 m. Given that rod is about to tilt
aboutD, calculate the value of

Solution:
R If the rod is about to turn abobDtthen the reaction
T at Cis zero.
Taking moments about poibx
1mC1mO05mD08mEDTm _ 8gx0.5 =m gx0.8
r'lf\‘. . J"A"'- b
>m =5
Bg mg
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Moments
Exercise C, Question 9

Question:
A uniform barAB of length 6 m and weight 40 N is resting in a horizontal position on supports at@e@intdd where

AC = 2m andAD = 5m. When a patrticle of weight 30 N is attached to the bar at pdive bar is on the point of tilting
aboutC. Calculate the distanAE.

Solution:
R If the bar is about to tilt about tBen the reaction at
D is zero.
Let the distance AE xm
2m | 1m Zm 1m Taking moments abod@:
ASm E] B A 5 40x1=30x (2—x) ,40 =60 — 30x
~ 30x=20 ,x = %
30N 40N 2
The distance AE s m
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Moments
Exercise C, Question 10

Question:
A plank AB of mass 12 kg and length 3 m is in equilibrium in a horizontal position resting on supfdeedd where

AC =0.7m anddB = 1.1 m. A boy of mass 32 kg stands on the plank at jgoifihe plank is about to tilt aboDt By
modelling the plank as a uniform rod and the boy as a particle, calculate the cAE.

Solution:
Re Rp Let the distance ABex m.
If the plank is about to tilt abol thenR = 0.
T T Taking moments abo:
- 0.7 m P 08m 04 'nﬁ 1.1m a 12gx 0.4 =32gx (x-1.9)
c o |E 12 x 0.4 =32x- 32 x 1.9
32x=4.8 + 60.8 = 65.6
129 329 = X=65.6+32=2.05m
Eis 2.05 m fromA
< >
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Moments
Exercise C, Question 11

Question:

A uniform rodAB has length 5 m and weight 20 N. The rod is resting on supports at @anttD whereAC = 2m and
BD =1m.

a Find the magnitudes of the reaction€aindD.

A particle of weight 12 N is placed on the rod at pdint

b Show that this causes the rod to tilt abBut

A second particle of weight 12 N is placed on the rdg &t hold it in equilibrium.

¢ How far musiE be fromA?

Solution:
a
Re Rp R(1)
Re+Ry =20
Taking moments about C:
A 2m ‘;.Em 1.5m&1'n B ZOXO'SZRDXZ’RD:5N
C D RC =15N
20N

Re Rp Taking moments abod@:
20x0.5=12%x2+Ry x 2
=24+2
2Zm 0.5m 1.5m im 10 F%
& A AN B = Ry is negative, which is impossible, therefore
) € v there is an anticlockwise moment aboutG@he rod
12N R will tilt.

¢ Adding the second particle:

Let the distance ABex m.
If the system is just about to tilt abdDi taking
moments about and I% =0

PhysicsAndMathsTutor.com
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12x (x—-2) +20x05=12x 2
12x-24 + 10 =24
12x =38
= X =38+12=3.17

The second particle needs to be 3.17 m ffoto
prevent tilting.
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Moments
Exercise D, Question 1

Question:

A non-uniform rodAB of length 4 m and weight 6 N rests horizontally on two suppo/saaidB. Given that the centre
of mass of the rod is 2.4 m from the €A, find the reactions at the two suppc

Solution:

R_.I:' RLF R(T)
1 T 6=R,*+Rg

Taking moments abouA:
A 24m 1.6m B 6X2.4:4XRB
= Rg =36N
6N R =24N

The reactions ah andB are 2.4 N and 3.6 N
respectively.
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Moments
Exercise D, Question 2

Question:

A non-uniform baiAB of length 5 m is supported horizontally on supports ahdB. The reactions at these supports are
3g N and ‘g N respectively. Find the position of the centre of n

Solution:

3g 7g Let mbe the mass of the bar.
T T R()m g=3g+7g
= the mass of the bar is 10 kg

- X =X A Let the centre of mass baxxfrom A
l Taking moments abou:

m gxx=7gx5
=>mXx=35,10x=35,x=3.5m
The centre of mass is 3.5 m frén

mg
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Moments
Exercise D, Question 3

Question:

A non-uniform plankAB of length 4 m and weight 120 N is pivoted at its mid-point. The plank is in equilibrium in a
horizontal position with a child of weight 200 N sittingfaénd a child of weight 300 N sitting Bt By modelling the
plank as a rod and the two children as particles find the distance of the centre of mass of the pA.

Solution:
R Let the centre of mass berxfrom A
T Taking moments about the mid-point:

120 x (2 -x) +200 % 2 =300 x 2
A i | £ B 240 - 120x+ 400 = 600
Xm Ly
l ‘ 120x= 40
W e 40 1
200 N 120 N 300N :>X_H)=§

The centre of mass |1§ m from A
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Exercise D, Question 4

Question:

A non-uniform rodAB of length 5 m and mass 15 kg rests horizontally suspended from the ceiling by two vertice
attached t& andD, whereAC = 1 m andAD = 3.5m.

a Given that the centre of mass iavhereAE = 3m, find the magnitudes of the tensions in the strings.
When a particle of mass 10 kg is attached to the rédfae rod is just about to rotate ab@ut

b Find the distancAF.

Solution:
a
T T Taking moments abod:
TD X 25 =15)x2
4 tm 2m 05m|16m 25T =30g
C E D = Tp =12g=118N (3s.f)
v R(T)
15g Tc+ Ty =159, To=39=29.4N
b
Te To With the particle attached at F is zero because
A .
therod is about to rotate abot
Let the distance AE xm.
. 1m 2m 05m| 1.5m . Taking moments abo:
C E D F 15gx 0.5 =10gx (x- (1+2+05))
S g =logx (X_35)
15g 10g 7.59 = 10gx— 35g
¢ . LI N 42.5 = 10x
= X =425

The distance Aks 4.25 m
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Exercise E, Question 1

Question:
@)
A B D E
AN C PN
«—lm— —] 51—
- Gm -

A plank AE, of length 6 m and weight 100 N, rests in a horizontal position on supp8&renaD, whereAB = 1 m and
DE = 1.5m. A child of weight 145 N stands@tthe mid-point ofAE, as shown in the diagram above. The child is
modelled as a particle and the plank as a uniform rod. The child and the plank are in equilibrium. Calculate

a the magnitude of the force exerted by the support on the pl@k at
b the magnitude of the force exerted by the support on the pléhk at
The child now stands at a different pdinbn the plank. The plank is in equilibrium and on the point of tilting about

¢ Calculate the distandDF.

Solution:

FE {j FEJ
Q 145 N
A E D E
i c Fii?
1m 2m 1.5m 1.5m
100 N

a Taking moments about the poidt
= since the child and the plank are in equilibrium,
15x100+1.5x%x145=3.5Fg, 150 +217.5=35%;, = F;=367.5+3.5=105N

b R(1), the child and the plank are in equilibrium, so
100 + 145 :FB + FD ,

245 =105 +Fp
= Fp=245-105=140N
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F
Fg Fr
145 N
A E | D E
JAN FAY
1m 2m 1.5m 1.5m
100N N

T

If the plank is about to tilt abold, thenF; = 0 and the child must be standing to the righDof

Let the distanc®F bex m. Taking moments aboDt

100%15 (

= 100x15=145%, x= — - ~103m \ :1030m)

© Pearson Education Ltd 2C
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Exercise E, Question 2

Question:

L

- 4m

A C D B
N\ N
— ] 1] ——

« 2.5m .

A uniform rodAB has length 4 m and weight 150 N. The rod rests in equilibrium in a horizontal position, smoothly
supported at point€ andD, whereAC = 1 m andAD = 2.5m as shown in the diagram above. A particle of waight

is attached to the rod at a polhtvhereAE = x metres. The rod remains in equilibrium and the magnitude of the re
atC is now equal to the magnitude of the reactioD .at

150
7 - 4x

a Show thaiw =

b Hence deduce the range of possible valu.

Solution:
[ R
)
1m ij 1m 05m |D 1.5m
A A I i B
E A \
X
<
S
W 150 N

a Since the rod is uniform, the centre of mass is at the mid-point.
Taking moments about:

Wx+150%x2 =Rx1+Rx25,

Wk + 300 =3.5R
R(1), equilibrium = W+ 150 =R+ R, 2R =W + 150
W + 150 7 W + 150

HenceR = T,and\/\lx+300= 5 X >

= 4 (Wx+300) =7W+ 7 x 150 , 4Wx+ 1200 = 7W+ 1050
1200 - 1050 = TW- AWK

( ) 150

W | 7-4& =150 W=
\ )
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150

bx>0and - >0

=>7-4x >0

4x <7

X < z
4

X <1.75

So0<x <1.75
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Exercise E, Question 3

Question:
- 4m >
« 3m T:‘
A B
A A

A uniform plankAB has mass 40 kg and length 4 m. It is supported in a horizontal position by two smooth pivots. One pivot is at the
endA and the other is at the pointv@here AC= 3m, as shown in the diagram above. A man of mass 80 kg stands on the plank

which remains in equilibrium. The magnitude of the reactioniattiice the magnitude of the reaction aff@e magnitude of the

reaction at Gs RN. The plank is modelled as a rod and the man is modelled as a particle.

a Find the value of R

b Find the distance of the man from A.

¢ State how you have used the modelling assumption that
i the plank is uniform,
ii the plank is a rod,

iii the man is a particl

Solution:
24 R R
5 2 1 - 1 B
L ay
Bag 45;}
a
R( 1) 3R =809+ 40g
R =40g=392N

b Taking moments about 80gx x + 40g x 2 = 40gx 3
1
80gx x=40g, = x= 5 =0.5m

c (i) Since the plank is uniform, the weight acts at centre of plank.
(i) Since the plank is a rod, the plank remains straight.
(i) Since the man is a particle, his weight acts at a single

© Pearson Education Ltd 2C
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Question:
- 1m > «(.5m>
A AN AN B
< G 4m B -

A non-uniform rodAB has length 4 m and weight 150 N. The rod rests horizontally in equilibrium on two smooth
supportsC andD, whereAC = 1 m andDB = 0.5m, as shown in the diagram above. The centre of ma@&isfk metre:
from A. A particle of weightWN is placed on the rod & The rod remains in equilibrium and the magnitude of the
reaction ofC on the rod is 100 N.

a Show that 550 +W = 300x.

The particle is now removed frofand placed on the rod Bt The rod remains in equilibrium and the reactio€ an
the rod now has magnitude 52 N.

b Obtain another equation connectiWgandx.

c Calculate the value « and the value cW.

Solution:
a
100 R=50+W
1m ! 25m | 05m
; C D
'{:.'. x
I X
W 150

R(1) 100 +R=W + 150 ,R = W + 50

Taking moments about,

100 x 1 + (W+50) x 3.5= 150 xx

150x =100 + 175 + 3.5W
275 + 3.5W = 150x

550 + 7W = 300x

b
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52 R=98+W
~ 2
1m ! 25m . 05m
c D
‘ =
150 W

R(1) 52 +R=150 +W, R= 150 +W - 52 = 98 +W

Taking moments abol: 52 x 3+ (98 +W) x 0.5=150%x (4 —x)
156 + 49 + 0.5V = 600 — 15K

doubling, 410 W= 1200 - 30& , W =790 - 30&

¢ Solving the simultaneous equatiors W= 790 - (550 + W) ,
8W =790 - 550 = 240> W= 30
= 410 + 30 = 1200 - 300, 30« = 760 ,x =2.53 (3s.f.)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Moments
Exercise E, Question 5

Question:

L

-+ 2m

R

e B

: L

A lever consists of a uniform steel r88 of weight 100 N and length 2 m, which rests on a small smooth pivot at .
C. A load of weight 1700 N is suspended from the Brad the rod by a rope. The lever is held in equilibrium in a

horizontal position by a vertical force applied at the Ands shown in the diagram above. The rope is modelled as a
light string.

a Given thatBC = 0.25 m find the magnitude of the force appliedat
The position of the pivot is changed so that the rod remains in equilibrium when the fattasatnagnitude 150 N.

b Find, to the nearest centimetre, the new distance of the pivoB.

Solution:
a Let the force applied & beV.

v

Tm 0Fam 0.25m

I
of—>m=

100 1700

Taking moments abo@: V x 1.75 + 100 x 0.75 = 1700 x 0.25
= 1.75+75=425,1.7¥ =350,V =200 N

b If the distancd3C = x

>

150

A 1m (1-—x)m xm

o[

b
100 1700

Taking moments aboiC: 15C(1+1-x) +10C(1-x) =170

PhysicsAndMathsTutor.com
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= 300 - 150x + 100 —100x = 1700x = 400 — 256 = 1700x

400

400 =1950x, x= o= 0.21m (2s.f.)
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Question:

A C B

A plank ABhas length 4 m. It lies on a horizontal platform, with the ehdnd on the platform and the endpBojecting ove
the edge, as shown above. The edge of the platform is at the point C

Jack and Jill are experimenting with the plank. Jack has mass 48 kg and Jill has mass 36 kg. They discover that if Jack stands
at Band Jill stands at And BC= 1.8 m, the plank is in equilibrium and on the point of tilting abaut C

a By modelling the plank as a uniform rod, and Jack and Jill as particles, find the mass of the plank.

They now alter the position of the plank in relation to the platform so that, when Jill standsdaf&ck stands af the planl
is again in equilibrium and on the point of tilting about C

b Find the distancBC in this positior

Solution:
a Let the mass of the plank be Bince the plank is uniform, its centre of mass is at its mid-point.

2m _ 0.Z2Zm 18m
C

36g Mg 48g

Taking moments about:@8gx 1.8 =Mg x 0.2 + 36gx 2.2
86.4g9 = 0.2Mg+ 79.2g, 86.4 = 0.2M + 79.2

0.2M=86.4-79.2=7.2 M = 36 kg

b Let the distance BGe x

4—-xm Ex—2|:'r| 2Zm

48g 36g 36g
Taking moments about:G6gx+ 36g(x -2 ) =48g(4 —x)

= ( dividing by the common factor 12g

3X+3(x-2) =4(4-x), 6x—-6=16-4x

=>10x=22, x=22m
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Question:

[
A B
AN AN
— (.5 m—»

- sm -

A plank of wood ABhas mass 12 kg and length 5 m. It rests in a horizontal position on two smooth supports. One support is at the
endA. The other is at the point, 0.5 m from Bas shown in the diagram above. A girl of mass 30 kg standwighh Bhe plank in
equilibrium.

a By modelling the plank as a uniform rod and the girl as a patrticle, find the reaction on the plank at A

The girl gets off the plank. A boulder of maskgnis placed on the plank atalhd a man of mass 93 kg stands on the plank Bhé&
plank remains in equilibrium and is on the point of tilting about C

b By modelling the plank again as a uniform rod, and the man and the boulder as patrticles, find them.

Solution:
a
Ry Fe
T T
A 25m 2m C| 0.5m
iy i
s ~"
12g 30g

Taking moments about:®R, x 4.5 + 30gx 0.5=12gx 2
Ry X 4.5 = 24 - 159 = 9g
= R, =29 = 19.6N

b
Re
25m 2m C| 05m
A . 1 &
mg 129 93g

The plank is about to tilt about € reaction at A= 0
Taking moments about:@g x 4.5 + 12gx 2 = 93gx 0.5
=>45n=93x05-24=225, m=ieb
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Exercise E, Question 8

Question:

B

- 4m >

A plankAB has mass 50 kg and length 4 m. A load of mass 25 kg is attached to the Bafketoaded plank is held
in equilibrium, withAB horizontal, by two vertical ropes attachedandC, as shown in the diagram. The plank is
modelled as a uniform rod and the load as a particle. Given that the tension in thedapéoat times the tension in
the rope a#, calculate

a the tension in the rope @t

b the distanc(CB.

Solution:
T 4T
A 2 2-x X B
C
50g 25g

a Let the tension in the rope AatbeT N

R(1) T+ 4T =509 + 259 , 5T = 759
= T = 15g, so tension aC is 60y N = 588 N

b Let the distanc8C bex

Taking moments abo@: 159 x (4 —-x) +25yxx=50g % (2 —-X)
60 — 15x+ 25x= 100 - 50x
60x=40 ,x= % m
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Exercise E, Question 9

Question:
WAN ~ B
—1lm—
- im *

A uniform beamAB has weight 200 N and length 5 m. The beam rests in equilibrium in a horizontal position on two
smooth supports. One support is at &rehd the other is at a poi@ton the beam, wheBC = 1 m, as shown in the
diagram. The beam is modelled as a uniform rod.

a Find the reaction on the beamGCat

A woman of weight 500 N stands on the beam at the ppifthe beam remains in equilibrium. The reactions on the
beam atA andC are now equal.

b Find the distancAD.

Solution:
a
Ry Re
2.9 o 1.5 c 1
A& Fa B
200
Taking moments abou:
200 x 2.5=R-x 4
Re =125N
b
R I
A & 25 b 1.5 C 1 B
i P
€ X .
500 200

Let the distanc&D bex
R(1) 2R =500 + 200 = 700
R=350N
Taking moments abolA: R x 4 = 20C x 2.E + 50C x x,
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140C=4R=50C+50Cx,90C=50Cx,x=1.Em
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Exercise A, Question 1

Question:

A bird flies 5 km due north and then 7 km due east. How far is the bird from its original position, and in what ¢

Solution:
¢ d =\52+ 72=\25 + 49 = [ 74= 8.60 km
N "
0 =tan" L =tan"11.4=54.46....°
The bird is 8.60 km (3 s.f.) from the starting point on a
bearing of 054 ° (nearest degree).
T N
d
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Exercise A, Question 2

Question:

A girl cycles 4 km due west then 6 km due north. Calculate the total distance she has cycled and her displacement from
her starting poin

Solution:
' Distance cycled = 4 km + 6 km = 10 km
d =\R+e6?=\{16+36=[52272 ..
—4an-18 -1 o
d 6 =tan L - tan 1.5 =56.3
6 / bearing =270 ° + 56 ° =326 °
The displacement is 7.2 km (3 s.f.) on a bearing of 326 °
(nearest degree).
. ]
£ .
4
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Exercise A, Question 3

Question:

A man walks 3 km due east and then 5 km northeast. Find his distance and bearing from his originz

Solution:

© Pearson Education Ltd 2C
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d2 =32+52-2x3x5x cos 135° =55.21 ...
d =7.43km (3s.f)

sinf# _  sin 135°
5 d
sin = 2228 5 4760=284° (3sf)

d
= bearingis 90 ° - 28° =062 ° (nearest degree)
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Exercise A, Question 4

Question:

In an orienteering exercise, a team hike 8 km from the starting Spont,a bearing of 300 then 6 km on a bearing
04C° to the finishing pointF. Find the magnitude and direction of the displacement Sto F.

Solution:

© Pearson Education Ltd 2C
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d2 =62+82-2x6x8x cos 80° =83.3 ...
d =9.13km (3 s.f)

sing _ sin 80°
6 B d
sin 9 = =P = 0647 ... 0=40.3° (3sAf)

= bearing is 300 ° + 40 ° =340 ° (nearest degree)

= the vector SHs 9.13 km (3 s.f.) on a bearing of 340 °
(nearest degree)
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Exercise A, Question 5

Question:

A boat travels 20 km on a bearing of 06(followed by 15 km on a bearing of 110What course should it take to
return to its starting point by the shortest ro

Solution:

| 2 =207+ 15 -2x20x15x cos 130°
120° | 110° = 1010.67...
d =31.8km (3s.f)
sing _ sin 130°

20 d

20 x sin 130°

sin @ = = ——=04819 ... #=28.8° (3s)

= bearing of the start =360° —29° -70° =261°
(neaest degree)

= the return course is 31.8 km (3 s.f.) on a bearing of
261° (nearest degree)
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Exercise A, Question 6

Question:

An aeroplane flies from airpoft to airportB 80 km away on a bearing of 070 FromB the aeroplane flies to airpatt
60 km fromB. Airport C is 90 km fromA. Find the two possible directions for the course set by the aeroplane on the
second stage of its journ:

Solution:
2 2 _ o2
cos 0 = Fre-y 0.19791 ... )
2x6x8 = bearing
0 =78.6 ° (3s.f.)
of CfromBis

180° +70° —-9=171.4° (1d.p.)or 180 °
+70° +0=323.6° (1d.p.)

A
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Question:

In a regatta, a yacht starts at pdhtsails 2 km due east #§ 3 km due south from to B, and then 4 km on a bearing
28C° from B to C. Find the displacement vectorC from O.

Solution:

- B

© Pearson Education Ltd 2C
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Starting with the dlsplaceme , distance
OB = \|22 + 32

6 =tan~ 5 =33.7° (3s.f.)
Now, looking at triangléOBC,

“ 3 g =80-33.7=46.3° (3s.f.)

d2 =42+13-2x4x13x cos 46.3° =9.07 ...
d =3.01km (3s.f)

sinf_ sin 46.3°
4 - d
sin p = 22 =0.960 ... f=73.59 °

= bearing =90+ (90+¥) +p=220° (nearestdegree)
= vector ie OCs 3.01 km (3 s.f.) on a bearing of 220 °
(nearest degree)
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Exercise B, Question 1

Question:

i F G
B I3 H
b A

A N D 1

ACGI is a squareB is the mid-point oAC, F is the mid-point ofZG, H is the mid-point of3l, andD is the mid-point of
Al.

Vectorsb andd are represented in magnitude and directioAByandAD respectively. Find, in terms bfandd, the
vectors represented in magnitude and direction by

a AC, b BE, ¢ HG, d DF,
e AE, f DH, g HB, h FE,
i AH, j BI, k El, | FB.
Solution:

In this exercise there will usually be several correct routes to the answers because the addition law for vectors allows
several options for equivalent vectors. You might reach the correct answers by a different routes to those used in these
solutions.

aAC=2AB=2b
b BE = AD (parallel and equal in length) d&-
¢ HG = BC (parallel and equal in length) AB (B is midpoint ofAC) =b
d DF = AC (parallel and equal in length) $H2
e AE = AD + DE ( triangle law of addition )
= AD + AB ( DE andAB parallel and equal in length ) &+ b
f DH =DI + IH ( triangle law of addition )
=AD + AB ( AD = DI becaus® is the midF point of Al, andAB is parallel and equal tidd )

=d+b

PhysicsAndMathsTutor.com
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gHB = - BH ( same length, opposite direction )

= — Al ( parallel and equal inlength ) = €2
h FE = - EF ( same length, opposite direction )

= - HG ( parallel and equal in length ) = b- ( from partc)
i AH = Al + [H (triangle law of addition) =@+ b
jBl=BA+Al = -AB+Al = -b+2d
kEl=EB+BA+Al= -BE-AB+Al= -d-b+2d= -b+d
IFB=FD+DA+AB= -DF-AD+AB= -2b-d+b=-b-d
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Exercise B, Question 2

Question:

S 7 7

p
0 > P B

OACB is a parallelogranM, Q, N andP are the mid-points dDA, AC, BC andOB respectively. Vectorp andm are
equal toOP andOM respectively. Express in termspandm

a OA b OB c BN d DQ
e OD f MQ g OQ h AD
i CD j AP k BM I NO.
Solution:

a OA = 20M (M is the midF point of OA) = 2m

b OB = 20P (P is the midF point ofOB) = 2p
1 1
cBN= 5BC= 7 OA (opposite sides parallel and equalym=

d DQ =PD ( MN andPQ bisect each other )
= OM (line segments parallel and equal in length jn=
eOD = OP + PD ( addition of vectors )
=OP + OM ( PD andOM are parallel and equal in length ) p=t m

f MQ = MO + OP + PQ ( vector addition )

- OM + OP + OA ( PQ andOA are parallel and equal in length )

-m+p+2m=p+m

gOQ=0P+PQ=p+2m
h AD = AO + OD (vector addition) = -OA+OD = -2m+ (p+m) =p-m
i CD =CN + ND ( vector addition )

= MO + PO ( line segments parallel and equal in ler)
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=-OM+ -OP=-m-p

j AP = AO + OP (vector addition) = -OA+OP = - 2m+p

k BM = BO + OM (vector addition) = OB+ OM = - 2p+m

| NO = NB + BO ( vector addition )
= MO + BO ( MO andNB are parallel and equal in length )
=-OM+ -0OB=-m-2p
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Exercise B, Question 3

Question:

0 R

OAB is a triangleP, Q andR are the mid-points dDA, AB andOB respectivelyOP andOR are equal t@ andr
respectively. Find, in terms pfandr

a OA b OB c AB d AQ
e 0Q f PQ g OR h BP.

Use partsb andf to prove that trianglPAQ is similar to trianglcOAB.
Solution:

a OA = 20P (P is the midF point of OA) = 2p

b OB = 20R (Ris the midF point ofOB) = 2r

c AB = AO + OB (addition of vectors) = ©A+0B= - 2p+ 2r

if )

1
d AQ = 7 AB (Qis the midF point of AB) = 7 \ -2p+2r ) = —-p+r

e 0OQ = OA + AQ (addition of vectors) =@+ ( —p+r) =p+r

f PQ = PO + OQ (addition of vectors) = ©OP+0Q= —-p+ (p+r) =r

g QR = QO + OR (addition of vectors) = ©Q+OR= - (p+r) +r= -p
h BP = BO + OP (addition of vectors) = ©B+0OP= -2r+p

Fromb OB = 2r, and fromf PQ =,

= OB andPQ are parallel

= « AOB= z APQand « ABO = « AQP (corresponding angles, parallel lines)
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Angle A is common to both triangles

= trianglesPAQ andOAB are similar (three equal angles)
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Question:

0 B

OAB is a triangle©OA = a andOB = b. The pointM dividesOA in the ratio 2:1MN is parallel tdOB. Express the vector
ON in terms ofa andb.

Solution:

M dividesOA in the ratio 2:1= OM = 7 a

w N

Using vector addition,

ON = OA + AN = OA + JAB (N lies onAB, soAN=1AB) =a+41( —a+b) andON=OM + MN = OM + OB
2
(MN is parallel toOB) = Za+ub

=>a+i ( —a+b} = §a+/¢b

2
= (by comparing coefficients @fandb), 1 -4 = Zandi = u

1
b

1 2
soi=p= zandON= Za+ 73
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Question:
A B
Q
P
M
0 C

OABC is a square. Nk the mid-point of OAand Qdivides BCin the ratio 1:3. ARand MQmeet at PIf OA = aand OC=c,
expres<OP in terms ofa andc.

Solution:

1 1
M is the mid Fpoint of OA so OM= 70A= 7a

Using vector additionlQ = MA + AB + BQ
1 1 1 1
=MA+ AB + ZBC_ satc- Ja= ja+c

andAC =AO+0C= -a+c
P lies on both AGand MQ so

1o (1)
OP=0OM +IMQ= Za+4 KZa+c )
and OP=OA+uAC=a+u( —a+c)

(2, ) ()

=> %a+,1 K4a+c) —a+u \ —a+c)

1 1
by comparing coefficients of a andwe get; +4 7, =1 -uand 1=y
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Question:

Express the vectoss , v, , V5, V, , Vg andy, using thd, j notation.

¥i i v |
P
5_
v
4

'l_
Vs
| i
I I I ] i 1
0 1 2 3 4 5 6 ¥
Solution:
Vi=4i,v,=51+2,vy= =3i+],v,=21+3,v;= -2-],v= -3

Pagel of 1

Note that some people prefer to describe vecta'column vectors’. In this case, the answers would be

(4N o _(s5Y _(=3)  _(2) _ [ -2)

_ (0 )

M o) T L2 )T L )M e ) T -1 )T - )
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Question:

Given thata = 2i + 3j andb = 4i — j, find these terms dfand;.

aa+b b 3a+b c2a-b d 2b+a
e 3a-2b f b-3a g 4b-a h 2a-3b
Solution:

aa+b= (20+3) + (4i—-j)=(2+4)i+ (3-1)j=6i+2

b3a+b=3(2+3) + (4i-j)

(6i+9) + (4i-j) = (6+4)i+ (9-1)j=10+8§

C2a-b=2(2+3) - (4-])=(4+6) - (4i-j)=(4-4)i+(6-(-1))i=7

d2b+a=2(4i-j) + (20+3) = (8-2)+ (2i+3) = (8+2)i+ (-2+3)j=10+]j

e
3(2i+3)) —2(4i-j) = (6i+9) - (8i-2j) = (6-8)i+

3a-2b = 9% %)= - 2i + 11j
f b-3a= (4i-j) -3(2A+3) =(4i-j)-(6i+9)=(4-6)i+(-1-9)j= -2 -10

Ab-a = 4((_4I4—+J)(—_§§|;j312) = (16i-4j) - (2+3j) = (16-2)i + 14i - 7
h

2a-3p = 2(21*3) ~3(4i-j) = (4i+6)) - (12i-3)) = (4-12)i+ _g o

(6-(-3))i =

© Pearson Education Ltd 2C
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Question:

Find the magnitude of each of these vectors.

a 3i + 4 b 6i — 8] c 5i+ 12j d 2i + 4
e 3i - 5j f 4i+ 7] g -3i+5 h —4i-]j
Solution:

a|3+4| =\P+42={0r16=[25=5

b |6-8| =\62+8=\36+64=]100 =10

c|5+13| ={R+12=\25+ 144 =} 169 = 13

d|2+4| =\2+#2=\{4+16=[20=4.47 (3s.f.)

e|3-5]=\R+52={9+25=[{34=583 (3sf.)

fla+7] =\#2+72=\16+49=[65=8.06 (3s.f.)

g| -3+5| =\®+52=\{0+25=[34=583 (3sf.)

h|-4i-j| =\42+12=\16+1=\17=4.1z (3s.f)
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Question:

Find the angle that each of these vectors makes with the poséixie

a 3i+4j b 6i — §] c 5i +12j d 2i + 4
Solution:
a3i+4j b 6i — 8| c5i + 12 d 2i + 4j
2 B
i)
4 4
8 12
3]
] B 2
3 , 5

arc tan ( % ) arctan ( % ) arctan ( 1?2 ) arctan ( g )

=53.1° above (3s.f.) =53.1° belon (3s.f.) =67.4° above (3s.f.) 63.4° above (3s.f.)
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Question:

Find the angle that each of these vectors makes with the pgsixie

a 3i—-5 b 4i+7] c - 3i+5j d —4i—j

Solution:

a3i—-5j b 4i + 7] c —3i+5j d —4i—]

- 3
: .f

1
5
5 4 3 1
90 ° +arctan(§ ) arctan(; ) arctan(g ) 90° +arctan(z )

=90° +59° =149° (3s.f.) totheright =29.7° (3s.f.) totheright=31.0° (3s.f.) totheleft=90"°
+14° =104° (3s.f.) tothe lef
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Question:

Given thata = 2i + 5j andb = 3i —j, find

a Aif a+ lbis parallel to the vectori b uif ua + bis parallel to the vector |
Solution:

aa+lb= (21+5) +2(3i—-j) =(2+3)i+ (5-1)]

Parallel toi, so5-4=0,4=5.

bua+b=p(20+5) + (3i-j) = (2u+3)i+ (u-1)]j

-3
Parallel toj, so 2+ 3=0,u= —5~
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Question:

Given thatc = 3i + 4j andd =i - 2}, find

a Aif c+ Adis parallel to i+ j, b uif uc +dis parallel ta + 3j,
csif c — sdis parallel to 2t |, dtifd - tcis parallel to — 2# 3j.
Solution:

ac+id= (3i+4) +1(i—-2) = (3+2)i+ (4-2)j

Parallel toi +j,s03+1=4-21

_ _ 1
31=1, 2= §

buc+d=p(3i+4) + (i-2) = (u+1)i+ (4u-2)]
Parallel toi + 3j,s04—-2=3 (2 +1)

4 -2=u+3,%=-5,u= -1

cc—-sd= (3i+4) —-s(i-2) =(3-s)i+ (4+X)]j
Parallelto 2+j,s03-s=2 (4 + 2s)

3-s=8+4s, -5=5s,5= -1

dd-tc= (i—-2)) -t(3i+4) =(1-3)i+ (-2-4)j

Parallelto -2+ 3j,s0 - 2( -2-4) =3(1-3)
1
4+8=3-%,1=-1%,t= - 5

17
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Question:
In this question, the horizontal unit vectod|j are directed due east and due north respectively.

Find the magnitude and bearing of these vectors.
a2+3 b 4i—] c —3it+2 d —-2i—]
Solution:

a|2+3| =\2+32=\{4+9=[13=361 (3sf.)
(2

arc tan \ 3 / =33.7 °, so bearing 034 °

bld-j| ={@+12={16+1=[17=412 (3sf)
(1)

arc tan\4j =14.0°,sobearing90° +14° =104°

c|-3+2| =\®+2={0+4={13=361 (3sf)
(2)

arc tan \ 3 ] =33.7 °, so bearing 270 ° +34° =304°

d| -24-j| =YR+12={a+1={5=224 (3sf.)
(1)

arc tan \ 2 } =26.6 °, so bearing 270 ° - 27 ° =243°

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Vectors
Exercise E, Question 1

Question:

Find the speed of a particle moving with these velocities:

a3i+4ms 1 b 24i - 7jkmh~1
c 5 +2jms~ 1 d -7i+4jcms™1
Solution:

aSpeed= |B+4j| =\P+42=\{9+16=[25=5ms?
bSpeed= |24-7)| =\2&+ ( -7) 2=\576 + 49 =625 = 25 km h !
cSpeed= |Bb+2j| =\ +2=\{25+4={29=539m5! (3s.f.)

dSpee= | -7i+4j| =\ ( -7) 2+42=\4c+ 16=\65=8.0ecms~! (3sf.)
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Question:

Find the distance moved by a particle which travels for:
a5 hours at velocity 8+ 6 kmh~1

b 10 seconds at velocityi 5 jms™1

¢ 45 minutes at velocityié+ 2 kmh~1

d 2 minutes at velocit — 4i — 7jcms ~ L

Solution:
a Distance = speed x time £ %8 62 x 5 =5 x [64 + 36 = 5 x|\ 100 = 50 km
b Distance = speed x time F €3 ( —1) 2x10=10x[25+1=10\26=51.0m (3sf.)

¢ Distance = speed x time F €6 22 x 0.75 = 0.75 x[\ 36 + 4 = 0.75 1 40 = 4.74 km (3s.f.)

Pagel of 1

d Distanci = speeix time =\ ( —4) 2+ ( -7) 2x 12(=12C x |16 + 49 = 12C x (65 = 967cm ( 3s.f.)
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Question:

Find the speed and the distance travelled by a particle moving with:
avelocity — 3 + 4jms~ 1for 15 seconds

b velocity 2 + 5jms™ 1 for 3 seconds

cvelocity 5 - 2jkmh~ 1 for 3 hours

d velocity 12i — 5jkmh ~ 1 for 30 minutes

Solution:

aSpeed=|\ ( -3)2+42={0+16=[25=5ms?

Distance =5 x 15=75m

b Speed =\ 2+ 52=\{4 + 25 =[29=539ms? (3s.f.)
Distance =3 x5.39=16.2m (3s.f.)

cSpeed=[\3+ ( -2)2=\{25+4=[29=539kmh?! (3sf.)

Distance = 3 x 5.39 = 16.2 km ( 3s.f.)

d Speed =[\ 12+ ( -5) 2=\144 + 25 =} 169 = 13 km R},
Distanct=0.E x 13=6.5km
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Question:

A particleP is moving with constant velocityms™ L. Initially P is at the point with position vector Find the position
of P
t seconds later if:

ary=3j,v=2iandt=4, brg=2i-j,v= -2 andt=3,
Cro=i+4j,v= -3i+2jandt=6, dro=-3i+2),v=2 -3jand t=5.
Solution:

aUsingr =r +vtr =3/ +2i x4 =8+ 3j

bUsingr=r +wvtr= (2-j) + (-2) x3=2-j-6=2-7]

cUsingr=r +wvtr= (i+4) + (-3+2) x6=i+4-18+1= - 17 + 1§
dUsingr=r +wvtr=( -3i+2) + (2-3) x5=-3+2+10-15=7 - 13
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Question:

A particleP moves with constant velocity. Initially P is at the point with position vectart seconds lateP is at the
point with position vectob. Findv when:

aa=2+3,b=6+13,t=2,
ba=4i+j,b=9 +16,t=5,
ca=3i-5,b=9+7,t=3,
da=-2+7,b=4i-8 ,t=3,
ea= -4di+j,b=-121-19 ,t=4
Solution:

aUsingr=r +w, (6 +13)
v=2 +5

(20+3) +2v2v= (61 +13) - (2 +3) =4i + 10

(4i+]) +5v5v= (Gi+16) — (4i+]) =5 + 15

bUsingr=r +w, (9 +16 )
v=i+3

cUsingr=r +w, (9i+7) = (3i—-5) +3v3v= (9+7) - (3i-5) =6 +12
V=2 +4

dUsingr=r +w, (4i-8) =(-2+7) +3v3v= (4-§) - (-2+7) =6-15
v=2 -5

eUsingr=r +wvt,( -12-19) = ( —4i+j) +4vdv= ( -12-19) - (-4i+]) = -8-20
v= -2i -5
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Question:

A particle moving with speedm s~ 1 in directiond has velocity vectov. Findv for these.

av=10,d=3i- 4]
cv=75,d= - 6i+ 8]

ev=2{13,d= - 2i + 3]
g v=\60,d= - 4i-2

Solution:

bv=15,d= - 4i+ 3]
dv=5{2,d=i+]

f v=\68,d= 3i- 5]
hv=15,d= —i+2j

ald] =\®@+ (-4)2=\25=510+5=4=2(3i -4 ) =6 - §
b |d| :\I ( —4)2+32:\|75:5,15+5:3(:3( —4i+3)=-12+9

c I d I =\{(-6)2+8= 100:10,7.5+10:%v,: % ( -6 +8§ ) = -4.5+6

d|d] ={22+22=\25[2+{2=5y=5(i+]) =5 +5
e |d]| :1 ( —2)2+32:\|T3'21T3+H3:24:2( -2i+3) = - 4i+6
f1d] =\#+ (-5)2=\34{68+[32= = v2(3i-5) =372 -5V2]

gld] =V (-4)2+ (-2)2=\20{60+f20= 3= V3(-4i-2) = -43i-23
hldl =\ (-1)2+22=\515+\{5=3(5v=3V5( -i+2j) = -3V 5i +6 5
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Question:

A particle Pstarts at the point with position vectqy: P moves with constant velocitynws ™ 1 After t seconds, Rs at the
point with position vector.r

aFindrifry=2i,v=i+ 3, andt= 4.

bFindrifry=3i-j,v= -2i+j,andt=5.
cFindryifr = 4i+3j,v=2i-j, and t= 3.

dFind ryifr = - 2i+5j,v= —2i+ 3], and t= 6.
eFindvifry=2i+2j,r=8i-7j,andt=3.

f Find the speed of Pr, = 10i - 5j,r = - 2i + 9j, and t= 4.
gFindtifry=4i+j,r =12 - 11j, and v= 2i - 3].

h Find tifr,= - 2i+ 3j, r = 6i - 3j, and the speed ofiB4ms L

Solution:

aUsingr=r +vtr= (2i) + (i+3)) x4=2i+4i+12j=6i+12j
bUsingr=r +vtr= (3i—-j) + ( —2i+j) x5=3i—-j—10i+ 5j= - 7i+ 4]
cUsingr=r +wt, (4i+3j) =r g+ (2i—j) x3,r,= (4i+3)) - (6i—-3)) =4i+3j-6i+3j= - 2i+6

dUsingr=r +w, ( = 2i+5]) =r + ( —2i+3j) x6,;1,= ( -2i+5]) - ( - 12i+18])
= - 2i+5j+ 12i - 18] = 10i - 13]

eUsingr=r +w, (8i—-7j) = (2i+2)) +vx33v= (8i-7]) - (2i+2)) =6i-9
v=2i- 3

fUsingr=r +w,( —2i+9j) = (10i—-5]) +vx44v= ( -2i+9)) - (10i-5) = - 12i+ 14jv= - 3i+ 3.5,

speed =\ ( -3)2+3.%2=\21.25~4.61ms" !

guUsing r=r +wt, (12i-11j) = (4i+j) + (2i-3j) xt (2i-3j) xt= (12i-11j) - (4i+])
=8i-12jt=4

hUsingr=ry+wt, (6i-3j) = ( —2i+3]) +vtvt= (6i—-3j) - ( —2i+3j) =8i—6j

4t= |vt|4t= |8 -6 | =82+ ( -6) 2=\10C=1C4t=104t=2.5
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Question:

The initial velocity of a particl® moving with uniform acceleratioams~2isums™~ . Find the velocity and the speed
of P aftert seconds in these cases.

au=5i,a=3jandt=4 bu=3i-2j,a=i—-j,andt=3
ca=2i—-3j,u= —2j+j,andt =2 dt=6,u=3i—-2j,anda= —i
ea=2i+j,t=5andu= - 3i+4j

Solution:

aUsingv=u+atv= (5) + (3) x4=5+17

speed =[\ 5+ 122=\169 = 13m s !

(3i-2) + (i-]) x3=3-2+3 -3 =6 -5
speed=[\8+ ( -5)2=\36+25=[61=781ms1

b Usingv =u + at,v

cUsingv=u+atv= ( -2i+j) + (2-3) x2=-2A+j+4i-6=2 -5

speed=[\2+ ( -5)2=\4+25=[29~539ms1

dUsingv=u+atv= (3i-2) + (-i) x6=3-2J-6=-3-2

speed =\ ( -=3)2+ (-2)2={9+4={13~361ms?

eUsingv=u+atv= ( -3i+4) + (21+]) x5= -3 +4+10+5 =7 +9

spee=\[72 + 92 =49+ 81=\13C= 11.4ms~ !
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Question:

A constant forcé- N acts on a particle of mass 4 kg for 5 seconds. The particle was initially at rest, and after 5 s
has velocityi — 8jms ™~ 1. FindF.

Solution:

6 - §

al

i )
\ )

Usingv =u + at, (66—8j ) z—axba=

(R

UsingF = ma,F = 4 x

(a—aj ) =4.8-64
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Question:

A force 4 — j N acts on a particle of mass 2 kg. If the initial velocity of the partidle-i8j ms™ 2, find how far it moves
in the first 3 seconc

Solution:

UsingF = ma, \Zi_j ) =2aa=i- %j

() L3

Usings = ut + %atz,s: \i+3j ) x3+§(i— %j ) ><32:3i+9j+4%i—2%j:7§i+6zj

distance =|\ ( 7% ) 2+ ( 6% ) 2=\56.25 + 45.5625 5\ 101.812510.1 m
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Question:

Attimet = 0, the particle® is at the point with position vector,4&nd moving with constant velocity jms™ 1. A
second particleQ is at the point with position vector F8nd moving with velocityms™ 1. After 8 seconds, the paths of
P andQ meet. Find the speed Q.

Solution:

Usingr =r +wvtforP,r= (4i) + (i+j) x8=4+8 +8 =12 +§
Usingr =r +wvtforQ,r= ( -3 ) +vx38

Both at the same point: 12 8 = ( -3 ) +vx 8,8/ =12 + 8 + 3 =12 + 1]
i )

8

v= 12+13 |, =15+1.375
\ J

speei= |v| =\1.22+1.372 = [2.25 + 1.89062 ~ 2.0:ms "1
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Question:
In questions 9 and 10 the unit vectoendj are due east and due north respectively.

At 2 pm the coastguard spots a rowing dinghy 500 m due south of his observation point. The dinghy has constant
velocity (4 +3j) ms™1.

a Find, in terms ot, the position vector of the dinglgeconds after 2 pm.

b Find the distance of the dinghy from the observation point at 2.C

Solution:
aUsingr=r +wvtr= -500 + (21 +3)) xt= -500 +2ti +3tj=2ti+ ( ~500+3)]j

b 5 minutes = 5 x 60 seconds = 300 secomds,2 x 300 + ( — 500 + 3 x 300 j = 600 + 400

distanc: = (602 + 402 = 360 00( + 160 00( = {520 00(~ 721 m
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Question:

At noon a ferryF is 400 m due north of an observation p@rnnoving with constant velocity (i 7j) ms™1, and a
speedboaBis 500 m due east @, moving with constant velocity ( -3 15 ) ms™1.

a Write down the position vectors BfandS at timet seconds after noon.

b Show thaF andSwill collide, and find the position vector of the point of collis

Solution:

a

Usingr =r +vtforFr =400j+ (7i+7j) xt=400j+ 7ti + 7]
=7ti+ (400 + 7t) |

Usingr =r,+vtforSr =500i+ ( - 3i+ 15j) xt=500i- 3ti + 15t]
(500 - 3) i + 15t]

b For F andSto collide, Ti + (400 + #)j= (500-3)i +15;j,
i components equalt # 500 - 3,10t = 500f = 50
j components equal: 400 + # 15,400 = 8,t = 50

Both conditions give the same valuetofo the two position vectors are equal wherb0, i.e.F andScollide at
r=7x5C+ (40C+7x50)j=235C + 75( .
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Question:

At 8 am two shipfAandB are atr, = (i + 3j) kmandrg= (5 -2 ) km from a fixed poinP. Their velocities are
Vo= (2i—j) kmh™landvg = ( -i+4) kmh~®respectively.

a Write down the position vectors 8fandB t hours later.
b Show that hours after 8 am the position vectorBofelative toAis givenby ( (4-8)i+ ( -5+%)j) km.
¢ Show that the two ships do not collide.

d Find the distance betweA andB at 10 arr

Solution:
aUsingr =r o +wvtforAr= (i+3) + (2-j) xt=(1+2)i+ (3-t)]
Usingr =r +wtforBr= (5i—-2) + ( —i+4) xt=(5-t)i+ (-2+4)]j

b UsingAP + PB,AB = PB - PA

{(5-t)i+ (—-2+4t)j{ - {(1+2t)i+ (3-t)j{
(5-t-1-2t)i+ (-2+4t-3+t)j= (4-3t)i+ ( —-5+5t)]

c If A andB collide, the vectoAB would be zero,

so4-3=0and -5+ b=0, but these two equations are not consistentl(andt # 1), so vectoAB can never be
zero, andA andB will not collide.

dAt10amt=2AB= (4-3x2)i+ ( -5+5x%x2)j=-2+5,

Distance=\[ ( —2) 2+ 52=\4+ 25 = {28~ 5.3¢km
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Question:

A particle Asiarts at the point with position vector 32i12j. The initial velocity of As ( =i +j) ms~1, and it has
congant acceleration ( 2t 4j) ms~2. Another particle, Bhasinitial velocity ims~1 and constant acceleratiom2p~ 2.
After 3 seconds the two particles collide. Find

a the speeds of the two particles when they collide,

b the position vector of the point where the two particles collide,

c the position vector (B's starting poin

Solution:
aUsingv=u+atardt=3,

For A

v=(-i+j)+ (2i-4)) %3
(-1+6)i+ (1-12)j
= 5 - 11]

Speed= \]52 +112=\25+ 121

=\146=12.1ms ! (3s.f.)

For B

vV =i+2jx3
=i+ 6]

Speed= \| 12+ 62=\1+ 36

=\37=6.08ms 1 (3s.f.)

) L )

1
b Using s=ut + EatzforA,s: (—i+j ) x3+ 5 % KZi_4j) x 9= - 3i+ 3j+9i - 18j=6i — 15j

So at the instant of the collision,i\at the point with position vector

r= (12i+12j) + (6i- 15j) = 18i- 3j

() 1

c Using s= ut + %atzforB,s: \I ) x3+ 5 % [Zj) x 9 = 3i+ 9j, so Bs starting point is

(18 -3) - (3i+9) =15 - 1]
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Question:

A particle is in equilibrium a0 under the action of three forcEs , F, andF,. FindF; in these cases.

a Fi=(2i+7)) andF, = ( -3i+]) b F;=(3i-4j) andF, = (2i+3])
c F,=(-4i-2)) andK= (2i-3j) d F;=(-i-3]) andF,= (4i+])

Solution:
a Fy+F,+F3=0= (2i+7])) + ( -3i+]) +F; =0

>Fg= - (2i+7)) = ( -3i+j) = —2i-7j+3i—-j=i- 8§
b Fi+F,+F3=0= (3i-4j) + (2i+3]) +F; =0

= Fy= - (3i-4j) - (20+3]) = —3i+4j-2i-3j= - 5i+]
¢ Fi+Fy,+F3=0= ( —4i-2j) + (2i-3j) +F; =0

= F3= - (-4i-2) - (2i-3]) =4i+2j-2i+3j=2i+5
d Fi+F,+F3=0= (—-i-3j) + (4i+]) +F3 =0

= F3= - (-1-3) - (4i+]) =i+3j-4i-j= -3i+2
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Question:
For each part of Question 1 find the magnitudé.pénd the angle it makes with the positivexis.

Solution:

a|Fyl =Y (1)2+ (-8)2=\1+64=[65~806

tan 6= 7 >0 =829° (3sf.)
ange withOx  =82.9 ° below (3s.f.)

b |Fal =Y (-5)2+ (1) 2=\25+1=[262510

tan 6= < =0 =11.3° (3sf.)
ange withOx =169 ° above (3s.f.)

c|Fal =Y (2)2+ (5)2=V4+25=[29~539

tan 6= - >0 =68.2° (3stf.)
angke withOx  =68.2 ° above (3s.f.)

d |Fgl =Y (-3)2+ (2)2=9+4=[13=361

tan 0= 3 =0 =337° (3sf.)
angke withOx =146 ° above (3s.f.)
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Question:

ForcesP N, Q N andR N act on a particle ah kg. Find the resultant force on the particle and the acceleration produced
when

abP=3+j,Q=2-3,r=i+2 andm= 2,

bP=4-3,0=-3+2,r=2 —jandm= 3,

cP=-3+2,Q0=2-5,r=4i+jandm=4,

dP=2i+),Q= -6i—-4j,r=5 -3 andm=2.

Solution:

aResultantforce F+Q+R= (3i+j) + (2-3) + (i+2) =6i
= usingF=ma, 6 =2xa,a=3ims 2

b Resultant force #+ Q+R= (4i-3j) + ( -3i+2) + (2—-j) =3 -2

(2]

= usingF=ma, 3-2=3xa,a= \i—gj ) ms~2
cResultantforce P+ Q+R= ( -3i+2) + (2-5) + (4i+j) =3 -2

(s 1)

= usingF=ma, 3-2=4xa,a= \4|—Ej ) ms~?

d Resultantforce P+ Q+R= (2i+j) + ( -6 -4) + (5 -3) =i -6
| . (2 )
= usingF=ma, i-6=2xa,a= \?—31 / ms~?2
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Question:

XN *

RN i

A particle is in equilibrium a® under the action of forces, Y andR, as shown in the diagram. Use a triangle of forces
to find the magnitude d® and the value of when:

a |X| =3N, |Y| =5N,b |X] =6N, |Y|] =2N,c |X| =5N, |Y| =4N.

Solution:
a
Using Pythagoras' theorem,
IR| ={2+52=\9+25=[34~5.83Ntan 0=
g = §=59.0° (3sf.)
R
5
o - £
b

Using Pythagoras' theorem,

IR| ={&+22=\36+4 =[40=632Ntan 0=
%:6=18.4° (3s.f.)
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2

Using Pythagoras'
theorem, | R | J\&+ 42 =25 + 16 =[ 41 = 6.40 N

(3sf.)tang= % =>0=387° (3sf.)
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Question:

The diagram shows two strings attached to a parfictd weight W N, and to two fixed poinfsandB. The lineAB is
horizontal and® is hanging in equilibrium withz BAP = « and « ABP = . The magnitude of the tensionA® is
TAN, and the magnitude of the tensiorBiR is T;N.

Use a triangle of vectors to find:

aTAandTBifW:S,a:40° and b TAand'léifW:G,a:30° and
B=50°, B=45°,
cTAandWifTB:S,a:40° and dWandTBifTA=5,a=30° and
f=50°, p=70°,

e Ty andaif W=7,Tg=6andp=50°.
Solution:

a

The triangle of forces is a right-angled triangle
“=>T,=5x sin 40° =3.21N (3s.f.) and

Tg=5x cos 40° =3.83N (3sf.)

Triangle of forces
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Using the Sine rule,
Triangle of forces Tg Ty 6

sin 60 ° sin 45°  sin 75°

6 xsin 45°
T, = Sxsin45° _
A -~ =4.39N (3sf.)
Tg = 220897 _ 538N (3sf.)

sin 75°
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The triangle of forces is a right-angled triangle

Triangle of forces = Ty,=5xtan 40° =4.20N (3s.f.)

and 5 =W x cos 40° ,

5

w = s a0° — 653N (3s.f.)
d
Triangle of forces Using the Sine rule

W 5 T
sin 100° ~ sin 20° sin 60 °
5 x sin 100 °
W = “en 20° - 144N (3s.f.)

5xsin 60 °
TB = -

— " = 127N (3sf.)
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Triangle of forces Using the Cosine rule:
T\2=62+72-2x6x7xcos 40° =20.65 ...
T,=454N (3sf.)

Using the Sine rule:
sin 40° _ sin(90° -a)

Ty - 6
7N - o _,y = Bxsin40° _
sin ( 90 a) = 254 =0.848 ...

90° -0=58.1° ,a=31.9° (3sf.)
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Question:
Three forces; , F, andF; act on a particler; = ( =3 +7)) N,F,= (i—j) NandF;= (pi+qj) N.

a Given that this particle is in equilibrium, determine the valug arid the value of. The resultant of the forcég and
F,isR.
2

b Calculate, in N, the magnitude Bf
¢ Calculate, to the nearest degree, the angle between the line of aR and the vectq;.
Solution:
aF,+F,+F;=0=> ( -3i+7) + (i—-j) + (pi+qg) =0
(-3+1+p)i+ (7-1+q)j=0
p=29= -6

bR=F,+F,= (-=3i+7) + (i-j) = -2 +6
IR| =Y\ (-2)2+62=\4+36=[40=6.32N

c

olN

tan 6
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Question:
In this question, the horizontal unit vectod | are directed due east and north respectively.

A coastguard statio® monitors the movements of ships in a channel. At noon, the station's radar records two ships
moving with constant speed. SHgs at the point with position vector ( + 3 10j ) km relative toO and has velocity

(2i +2j) kmh~1. ShipBis at the point with position vector { & j) km and has velocity ( ++ 5/ ) kmh~1.
a Show that if the two ships maintain these velocities they will collide.

The coastguard radios shpand orders it to reduce its speed to move with velocity ) kmh~1. Given thaiA
obeys this order and maintains this new constant velocity.

b find an expression for the vectaB at timet hours after noon,
c find, to three significant figures, the distance betw&amdB at 1500 hours,

d find the time at whiclB will be due north oA.

Solution:

aAttimet

(-3+2t)i+ (10 +2t) ]
(6-t)i+ (1+5t)]

'A

B
i components equal when -3 +26 -t= 3t=9t=3
t=3:r,=3i+1§ ;rg=3i + 16 = collide
bNewry,= ( -3+t)i+ (10+t)]j

S>AB=rg-r,= (6-t)i+ (1+5)j-{ (-3+t)i+ (10+t)j{
(6-t+3—-t)i+ (1+5t-10-1t)]
(9-2t)i+ ( —9+4t)]

ct=3:AB=3i+3j, >dist. =} (32+3%2) =4.24km

9
d B north ofA = noi component=9 -2=0=t= 7 = time 1630 hours
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Question:

Two shipsP and Q are moving along straight lines with constant velocities. InitRlly at a poinD and the position
vector ofQ relative toO is (14 + 6] ) km , where andj are unit vectors directed due east and due north respectively.
ShipP is moving with velocity Bkm h~ 1 and shipQ is moving with velocity ( — B+ 6j ) kmh~1. At timet hours th
position vectors oP andQ relative toO arep km andq km respectively.

a Findp andq in terms oft.

b Calculate the distance @ffrom P whent = 4.,

¢ Calculate the value ¢ whenQ is due north oP.

Solution:
ap= 6t
g=(12+6 ) + ( -3i+6)t=(12-3)i+ (6+&)]

bt=4:p=24i,q=30

= dist. apart =[\ 22+ 302 = {576 + 900 =[\ 1476- 38.4 km

1
c Qnorth ofP = i components match»> 6t =12 -3 = 0t=12=>t=173
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Question:

A particleP moves with constant acceleration ( 3j ) ms~2. At timet seconds, its velocity isms~1. When
t=0,v=5 - 3.

a Find the value of whenP is moving parallel to the vector
b Find the speed df whent = 5.

¢ Find the angle between the veci and the direction of motion P whent = 5.

Solution:

av=u+at:v= (5 -3 ) + (-3i+j) xt=(5-3F)i+ ( -3+t)]
v paralleltoi => -3 +t=0=>t=3s

bt=5v=-10+2

Speed = V| = V104~ 102ms 1

-~-\.1,‘_-""I
e
Rt

2 S

10
10 ) (o)

Angle = ( arctan +90 = 168.7° 1s.f.
\ 2 ) N
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Question:

A particleP of mass 5 kg is moving under the action of a constant femewtons. At = 0, P has velocity \ b-3

)

) ms~1. Att=4s, the velocity oPis ( - 11 +5 ) ms~ 1. Find

a the acceleration d? in terms ofi andj,
b the magnitude of.

Att = 6s,Pis at the poinA with position vector ( 28+ 6] ) m relative to a fixed origi®. At this instant the force
newtons is removed amithen moves with constant velocity. Two seconds after the force has been refhisvaidthe
pointB.

c Calculate the distance B from O.

Solution:

v—u
t

BN

aa= ‘a= = -4 +2jms?2

REEDR SN

bF=ma=5x ( —4+2) =-20+1Q
IF| =Y ( —20) 2+ 1% =500~ 22.4 N

ct=6v=utat=>v= (5-3) + ( -4i+2) x6=5-3j-24+12= -19+9
AtB:ir=ry+vt=>r= (28+6) + ( -19+9) x2= -10+ 24

DistanctOB =\| ( - 1C) 2+242=\10C + 57€ = \(67€=26m
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Question:
In this question the vector@nd|j are horizontal unit vectors in the directions due east and due north respectively.

Two boatsA andB are moving with constant velocities. Bdaioves with velocity Bkm h~ 1. BoatB moves with
velocity (3 +5)) kmh™1,

a Find the bearing on whicB is moving.

At noon,A is at pointO andB is 10 km due south @. At timet hours after noon, the position vectorsAcdndB
relative toO area km andb km respectively.

b Find expressions fax andb in terms oft, giving your answer in the forpi + qj.

¢ Find the time wher is due east dB.

At time t hours after noon, the distance betw&eandB is dkm. By finding an expression féB,
d show that = 342 - 10¢t + 100.

At noon, the boats are 10 km apart.

e Find the time after noon at which the boats are again 10 km

Solution:

a

3 o N
tan 6= © = 6 =31, bearing is 031

6ti
3ti+ ( —10+5t)]

b
a
b

c A due east oB = j components matchk» -10+5=0
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t =2 = 1400 hours

d
AB =b-a= {3ti+ ( —10+5t)j{ —6ti= —3ti+ ( — 10 +5t) j
02 = |b-a|2= ( -3t)2+ ( -10+5t) 2=9t%+ 100 - 100t+ 252
34€ - 100t+ 100, as required.

ed=10= d?=100= 34t2- 100t =0

100

=>t=0or N =2.9411 ... ...

= time is 1456 hours
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Question:

A small boat S, drifting in the sea, is modelled as a particle moving in a straight line at constant speed. When first sighted at
0900, Ss at a point with position vector ( — 2i4j) km relative to a fixed origin Qwhere iand jare unit vectors due east

and due north respectively. At 0940, Sis at the point with position vector 64) km . At time thours after 0900, Sis at

the point with position vectorlam.

a Calculate the bearing on which Sis drifting.
b Find an expression foris terms of t
At 1100 a motor boat Meaves Qand travels with constant velocitypi + g ) kmh~1.

¢ Given thalM interceptsS at 1130, calculate the valuep and the value cq.

Solution:

a (Directionofv) = (4i—-6j) — ( —2i—-4j) =6i- 2]

tan 6 = %:0:18.43...0

Bearing = 90 + 6 = 108"

( ) e

b Expressing ¥n kmh~1v = K 6i — 2 } X 5o = 9i- 3

r=ro+wvt=s=(-2i-4j) +t(9-3j) = (-2+9t)i+ ( -4-31)]j
CAt1130,t=255= ( —2+9x25)i+ ( —4-3x2.5)j=20.5— 11.5]
M has been travelling for 30 minutes m= 0.5 (pi + qj )

s=m=p=41,9g= - 23
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Question:

A particleP moves in a horizontal plane. The acceleratioR&f ( — 2 + 3j) ms~2. Attimet = 0, the velocity ofP
is (3-2/) ms™1.

a Find, to the nearest degree, the angle between the yeutdrthe direction of motion &f whent = 0.
At time t seconds, the velocity &fisvms~ 1. Find

b an expression fov in terms oft, in the formai + bj,

c the speed d? whent = 4,

d the time whelP is moving parallel td + j.

Solution:
a
-

j

tan 6 = % (9:33.7° )

angle between v ang= 90 + 33.7~ 124°
bv=u+at:v=3i-2+ (—2+3) xt= (3—-2A)i+ ( —2+%)]

ct=4v=(3-2x4)i+ (-2+3x4)j= -5 +10
speed =\ ( -5)2+10°=\25+100 =) 125:11.2ms !

d v parallel toi +j = i andj components must be equat 3-2t= -2+ 3
=>5t=5t=1
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Question:
In this question, the unit vectarend|j are horizontal vectors due east and north respectively.

At timet = 0 a football player kicks a ball from the poitvith position vector (B+ 2j ) m on a horizontal football
field. The motion of the ball is modelled as that of a particle moving horizontally with constant velocity9f ¥

ms~ 1. Find

athe speed of the ball,

b the position vector of the ball afteseconds.

The pointB on the field has position vector (2012 ) m .

¢ Find the time when the ball is due northBof

Attimet = 0, another player starts running due north fdand moves with constant speeu s L.

d Given that he intercepts the ball, find the valuv.

Solution:

av=4i+9j => speedofball =V (42+9%?) ~9.85ms !
br=r,+vt= position vector of the ball aft¢rseconds

= (3i+2) + (4i+9) xt= (3+4)i+ (2+9%)]

¢ North of B wheni components same, i.e. 3 +429,4 =26t =6.5s

d Whent = 6.5, position vector of the ball

= (3+4x%x65)i+ (2+9x%6.5)] =29+ 60.5
= j component = 60.5

Distance travelled by 2nd player = 60.5 — 12 =48.5m
Spee=48E+6.E5~7.46ms™1
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Question:

Two ships PandQ are travelling at night with constant velocities. At midnights Bt the point with position vector (il® 15j)
km relative to a fixed origin QAt the same time, @ at the point with position vector ( — 16i26j) km . Three hours later, B
at the point with position vector ( 2%i24j) km . The ship Qravels with velocity 12kmh~ 1. At timet hours after midnight, the
postion vectors of Pand Qare pkm and gkm respectively. Find

a the velocity of An terms of i and,j

b expressions for pnd gin terms of t, iand

At time t hours after midnight, the distance betweem® Qis d km.

¢ By finding an expression for B@how that

d? = 58¢ - 430t+ 797

Weather conditions are such that an observer canPonly see the lights onwghen the distance betweeraRdQ is 13 km or less.

d Given that when £ 2 the lights on Qnove into sight of the observer, find the time, to the nearest minute, at which the lights on Q
move out of sight of the observ

Solution:
ar=ry+vt=v,= { (25i+24) - (10i+15)) { /3= (5i+3) kmh~!

b

r:r0+w:aftert hours,

p= (10+15) + (5 +3) xt= (10+8)i+ (15+3)]j
g=( -1l6+2§) +12 xt= ( —16+12)i + 2§

Cc

PQ=gq-p={(-16+122)i+26{ - { (10+5t)i+ (15+3)j{
=(-26+1)i+ (11-3)]j

= d? = (-26+7) 2+ (11-3) 2

= 676 — 364 + 49t% + 121 — 66 + 92
= 582 - 43 + 797, as required

d d=13= 58 - 430t+ 797 = 169,58t - 430t+ 628 = 0
We are given thatt 2 is one solution, so we know that | 2 ) is a factor
= (t-2) (58-314) =0
>t= LN 5.41 hours, so time 0525 to the nearest minute

58
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Question:

A particleP of mass 0.2 kg is moving along a straight horizontal line with constant speed 12 rrsother particleQ

of mass 0.8 kg is moving in the same directio® aalong the same straight horizontal line, with constant speed 2m s
The particles collide. Immediately after the collisi@nis moving with speed 6 mst.

a Find the speed d? immediately after the collision.

b State whether or not the direction of motiorPdé changed by the collision.

¢ Find the magnitude of the impulse exertecQ in the collision

Solution:
Positive direction
12 m s Zms!
Before —a———— — -
P 0.2 Kg> Q \G.E Kg>
After —4——— .
vms! 6ms

a Conservation of linear momentum

02%x12+0.8%x2=02%+08x6

0.2v= -08=>v= -4

the speed o immediately after the collision is 4 mg

b The direction of motion oP has been changed by the collision.
cForQ,1=08x6-08x%x2=3.2

the magnitude of the impulse Qis 3.2 N :

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com


http://www.kvisoft.com/pdf-merger/

Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Examination style paper
Exercise A, Question 2

Question:

A particle Pof weight Wnewtons is attached to one end of a light inextensible string{J
other end of the string is attached to a fixed poinTi string is taut and makes an ar .
30° with the vertical. The particleiB held in equilibrium under gravity by a force of
magnitude 12 N acting in a direction perpendicular to the string, as shown. Find

a the tension in the string,

b the value of W

Solution:

aR( — ) T cos 60° =12 cos 30°
T=12V3( =20.8)
the tension in the string is 323 N

b
R(1)W=Tsin 60° +12 sin 30°

=12V 3x %+12x% =24
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Exercise A, Question 3

Question:

A car is moving along a straight horizontal road. At tinse(t, the car passes a sign

A with speed 8 ms1 and this speed is maintained for 6 s. The car then accelerates uniformly from8on1® ms 1in 9 s. The
speed of 12 m s Lis then maintained until the car passes a second sifindlistance between #@nd Bis 390 m.

a Sketch a speed-time graph to illustrate the motion of the car as it travels fmb A

b Find the time the car takes to travel fronio/B.

¢ Sketch a distan-time graph to illustrate the motion of the car as it travels ‘A to B.

Solution:

a

v (ms=1)1

b |Let the time travelled at 12 mis* beT second:{s.

6x8+ > (8+12) x 9+ 12T =390
12T=390-48-90=252 T=21
thetime the car takes to travel fromté\Bis 36 s

Cc

s (m) 4
390

138
48

15

o 6 36 t(s)
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Exercise A, Question 4

Question:

Two particlesA and B are connected by a light inextensible string which passes over a fixi
smooth pulley. The mass Afis 4 kg and the mass Bfis m, wherem > 4kg. The system is

released from rest with the string taut and the hanging parts of the string vertical, as sho U

1
After release, the tension in the stringisg.

a Find the magnitude of the acceleration of the particles.

b Find the value of. [ ] O
A{dkgl B (mkg)

¢ State how you have used the fact that the string is inexte

Solution:
N
N
T A T
ams-2T A B Lums-l’
dg mg
aForB

R(l) mg-T =ma

Fo- e =[ma

-3
a =9

3
the magnitude of the acceleration of the particlegds

b ForA
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R(1) T-49 =4a

1 3

2mg-4g =4x 2[g

m =28
c the accelerations of the particles have the same magi
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Exercise A, Question 5

Question:

A particle of mass 0.8 kg is moving under the action of two foPcasd Q. The
force P has magnitude 4 N and the foil@ehas magnitude 6 N. The angle
betweerP andQ is 110°, as shown. The resultantrodndQ is F. Find

a the angle between the directionFofind the direction d?.

b the magnitude of the acceleration of the particle.

Solution:

(i)

R(—) X =4-6 cos 70° =1.947879 ...
R(1) Y =6 sin 70° =5.638155 ...

tan 6

Y
X" 2.89451 ...

0 70.9° (3sf.)
the angle between the directionfofand the direction d? is 70.9 ° (3 s.f.)

(ii)

|F| 2 =x2+Y2=35583 ...
F = |F| = V35583 ... =5.96515 ...
F =ma

596515 ... =0.8= a=7.456 ...

the acceleration (P is7.4€ms~2(3 s.f.
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Exercise A, Question 6

Question:

A small stone, S of mass 0.3 kg, slides with constant acceleration down a line of
greatest slope of a rough plane, which is inclined at 30° to the horizontal. The stc
passes through a point X with speed 1.5m.sThree seconds later it passes throug
pointY, where XY= 6 m, as shown. Find.

a the acceleration of S,

b the magnitude of the normal reaction of the plane on S

c the coefficient of friction betweeS and the plan

Solution:

HE*FN RN o m s-2
T~
0.3gN \}*’\

307 7~

au=15t=3,s=6,a= ?
1
s =ut+ —at?
2
1
6 :l.5><3+za><9

15 =45 =>a=

w |+

1
the acceleration of Sig &

bR( 1) R=0.3gcos 30° =2.546 ...
the magnitude of the normal reaction of the plane on Sis 2.5 N (2 s.f.)

¢ Friction is limiting F= yuR = x 0.3g cos 30 °
R( ) 03 sn 30° -40.3y cos 30° =0.3x

- . 1
gsn 30" -3 _ 0538 ...

g cos 30°

The coefficient of friction betweeS and the planeis 0.54 (2 s
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Exercise A, Question 7

Question:

In this question the unit vectors i and j are due east and north respectively and position vectors are given with respect to
afixed origin O.

A ship Sis moving with constant velocity i23j) km h1 and a shifR is moving with constant velocityi &m h L.
a Find the bearing along whichis moving.

At noonSis at the point with position vector Bm andR is atO. At timet hours after noon, the position vectorsSafnc
T ares km andr km respectively.

b Finds andr, in terms oft.
At time T hours,R is due north-east & Find
c the value ofT,

d the distance betweeS andR at timeT hours

Solution:
a
L 3
N tang= - = 6~56.3°
the bearing along whic8is moving is 146
2
2]
3
b

s =8i+ (2i—-3j) t
r = 6ti

CAttimet=T,r—-s= (4T-8) i+ 3Tj
If Sis north-east oR,

3T
T s=1=>T=8
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d WhenT =8

r-s = 24i + 24j
R =282+ 22 > R=24+2

The distance betweeS andR is 24 v 2km.
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Exercise A, Question 8

Question:

A P & B
“-— 21— < XIN =
- 2m >

A uniform steel girdeAB has length 8 m and weight 400 N. A load of weight 200 N is attached to the girdancia

load of weightW newtons is attached to the girdeBaiThe girder and the loads hang in equilibrium, with the girder
horizontal. The girder is held in equilibrium by two cables attached to the girdemaQ, whereAP = 2 m and

QB = xm, as shown. The girder is modelled as a uniform rod, the loads as particles and the cables as light inextensible
strings.

o [ 400 + BV
a Show that the tension in the cable at Q\|s 6

I

X

Given that the tension in the cable attacheld iatfive times the tension in the cable attache@,to
b find Win terms ofx,

c deduce thax < 2.

Solution:
XN & YMA
A F Q B
2m 2m (4-x)m xm
200N 400 N WHN
a

M(P)Y(6-x) +200x2=400x2+Wx6
Y(6-x) = 800 - 400 + 6W

400 + 6W
6 -x
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[ a00+aw

the tension in the cable @tis k 6 —x ) N

b

R(1) X +Y=600+W

600 +W — 400 + 8NV
6 -x

X

_ 3200 - 60& — wx
- 6 — X

X =5Y = 3200- 60x — Wx =5 (400 + 6W)

1200 - 600x = (30+x) W
_ 600 (2-x)
W - 30 +x

cWo >o0o = oxo >o2
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Exercise A, Question 1

Question:
A train decelerates uniformly from 35 mr$to 21 m s~ 1 in a distance of 350 m. Calculate
a the deceleration,

b the total time taken, under this deceleration, to come to rest from a sf35ms~ 1.

Solution:

a w=35v=21,5=350,a="7 There is no t here, so you choose the
Y T — formula without 7, v* =" + 2as.
21° =35 + 2x5x350

21° -35°
a=————=-1.12
700

The deceleration of the trainis 1.12m s ™.

b w=35v=0,a=-1.12,1="7

" ﬂ—\ You use the value of @ you found in part a
in part b, As the train is decelerating, a is

0=35-1.121 :
35 negative.
t=—"=31.25
1.12

The total time taken to come to rest is 31.25 s.
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Exercise A, Question 2

Question:

In taking off, an aircraft moves on a straight runwayoiBength 1.2 km. The aircraft moves from A with initial speed 21h st
moves with constant acceleration and 20s later it leaves the runwayitth €peed 74 m 1. Find

a the acceleration of the aircraft,

b the distancBC.

Solution:

There is no s here, so you choose the

=2.1=20,v=T4,a=" : :
a2 u r=20 ‘ F formula without s, v=w+at.
v=u+at

74=2+20a
74-2
a= =

20
The acceleration of the aircraft is 3.6 ms ™.

You could use the value of @ you found
4 " in part a but, if it can be avoided without
b u=2,1=20,v=74,5=7 < causing a lot of extra work, it is safer not
- ( u+v ]F to use your answer from a. Everyone

4

2 makes mistakes from time to time!
:(2” Jxﬂ}:?ﬁﬂ
2
Take-off point C
+— 760m ———» L
A ? :B
< 1200 m —_—
The aircraft takes off 760 m from its
The distance AC is 760 m. starting point A. The runway is 1.2 km,
The distance BC is (1200—760)m = 440 m which is 1200 m, long. So the aircraft is
(1200-760)m from the end C of the
runway.
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Exercise A, Question 3

Question:

A car is moving along a straight horizontal road at a constant speed of 18 rtghe instant when the car passes a lay-by, a
motorcyclist leaves the lay-by, starting from rest, and moves with constant acceleration 228mpsrsuit of the car. Given that
the motorcyclist overtakes the cars€conds after leaving the lay-by, calculate

athe value of T

b the speed of the motorcyclist at the instant of passing tt

Solution:

a  Afier time 4, let the distance moved by the car be s,

and the distance moved by the motor cycle s, .

The distance moved by the car is given by

gl ——— |

The distance moved by the motor cycle is given by

1 , -
.-.':ulf+~2—ai". with u=0 and a=2.5

s, = er+—;-x2,53‘: ~1.25¢°

The car is travelling at a constant speed,
50 you use distance = speed x time to

obtain an expression for the distance
moved by the car.

When r=T, s

1.25T:—IBT=T{I.25T—I3}=U\
18

T=——=144
1.25
b wu=0ag=251=144,v="1

v=u+al

=0+25x144=36

The speed of the motor cycle at the instant of passing

= 1
the caris 36 ms

© Pearson Education Ltd 2C
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18T =1.25T" /

As the car and the motor cycle were
level at the lay-by, when the motor cycle
overtakes the car, they have travelled the
same distance. Equating s, to 5, gives

and equation you can solve.

T"=0 is a solution of this equation but
that is the time at the lay-by and can be
ignored.
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Exercise A, Question 4

Question:

A particle moves with constant acceleration along the straight line @idvpases through the points Odnd Mat times 0's, 4 s
and 10 s respectively. Given that 6114 m and OM= 50 m, find

a the acceleration of the particle,

b the speed of the particle M.

Solution:
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vms
e
* e ?
0 L M
+|4 m» You are asked to find two variables in
+— S0m —» this question, @ and v. You are given
information about two variables, r and s.
You are neither given any information
nor asked about the initial speed u. The
most efficient way of solving the
question is to use the formula without u,
From L to M 3 L 2 Thi bl |
The particle takes (10—-4)s =65 to travel #= ¥ galii TS SNADIES Yo 10 6Dive
a distance (50—14)m=36m. both parts of the question together.

t=0,5=36,0=2,v=2
L3
S=v—-—a
2

35:51;—%(:%3 oo i TR N8
= v-3a=06...... (1)

—_— \ You obtain two linear simultaneous
From Oto M, 1=10,5=50,a=2,v=1 equations from the data. You solve

these in the way you learnt for
GCSE.

S=W——£H':
2

SD=|Gv—éax]ﬂ: = 10v-50a =50 /

= v—5a=5... (2)

(1) - (2)
2a=1 = a=0.5

The acceleration of the particle is 0.5ms .

b  Substitute a=0.5 into (1)
v=1.5=6 = v=75

The speed of the particle at Mis 7.5ms "
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Exercise A, Question 5

Question:

A particle Pmoves in a straight line with constant retardation. At the instants whaases through the points AaBd Cit is
moving with speeds 10 ms, 7 m s~ 1and 3 m s 1 respectively.

51

A o
Showthat BC = 70 -

Solution:
10ms™ Tms™' 3ms”
o e o
A4 B c You are given information about
L {to B speeds and asked about distances.
FSTD “i 7 ¢— AB Time will not come into the question,
”1_ ‘1" i so it is reasonable to try and make
¥ S +2as two equations with v* =" +2as.
7°=10"+2ax AB
2ax AB=49-100=-51 ... ... (1)
FromBto C
u=7,v=3,s=8C
v =u’ +2as
3*=7"4+2axBC
2axBC=9-49=-40 ...... (2) Dividing equation (1) by equation (2), 2a is
in both the numerator and denominator of the
(1) = (2) fraction and so can be “cancelled”.

24 xAB 51 5l

264xBC —40 40

AB 51 :
— =—, as required.
BC 40
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Exercise A, Question 6

Question:

A car moving with uniform acceleration along a straight level road, passed peimisB\when moving with speed 6 nT$ and
14 m <~ Lrespectively. Find the speed of the car at the instant that it (C, the mic-point of AB.

Solution:

6ms’

T’ |
)

B You do not know the distances but as C
is the mid-point of A8 if you let AC be
x, then AB = 2x. This use of x as the
unknown allows you to form equations.

From 4 to B

=6,v=14,5=48B=2x

v =u" +2as

14" =6" +2ax2x = 196 =36+4ax You are given information about speeds
19636 and distances.

ax=—

=40 Time will not come into the question, so it
is reasonable to try and make two

From A to C equations with v =u® +2as.
u=6,s=AC=x,v="?
v =u’ +2as

=6"+2ax=36+2x40=116
v=v116=10.8
The speed of the car at C'is 10.8 m s '(3 s.f).
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Exercise A, Question 7

Question:

A particle Pis moving along the-axis with constant deceleration 3 m3% At timet = 0's, Pis passing through the origin@d is
moving with speed m s~ 1in the direction of xncreasing. At time £ 8 s, Pis instantaneously at rest at the poinEd

a the value of u,
b the distance OA

c the times at whicP is 24 m fromrA.

Solution:
a
ums’' Oms™
—> —_—
. | g
0 A : ) :
Instantaneously at rest’ is translated into
24 m-—»

algebra as v=0.

a==3,1=8v=0,u="?

v=u+al
O=u-3x8 = u=24

b a=-3,1=8,v=0,5="7 You do not need u here, since you can use
1.5
P e Lo
pamae _Ear- the formula without u, s = wr 5 ar”.

:UxS—%x[—J}sz =96
OA=9m

c 24 m from A 15 [96—24}m =72m from J
s=T2 a==3, u=24,t="7

P
s =uf +—af
2

72 =241+ %x(—}]xﬁ =24t -1.5¢
- < k___________(___._.-—’ Multiply the equation by 2 and rearrange.
347 - 48 +144 =0
Dividing throughout by 3 :
R 16;;43 B ﬁ Y 4}{’3’_ I:}N You may use any method to solve the quadratic
- = equation but if you did use the formula you

1=4,12 would be expected to obtain exact answers.
Pis24 mfor Aattimes f=4s and =125,
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Question:

Pagel of 1

A train moves along a straight track with constant acceleration. Three telegraph poles are set at equal intervals beside the trAcB ahgoints
C, where AB= 50 m and BC= 50 m. The front of the train passesvith speed 22.5 msl, and 2 s later it passes Eind

athe acceleration of the train,

b the speed of the front of the train when it passes

c the time that elapses from the instant the front of the train B to the instant it passcC.

Solution:
a

22.5ms"

—
* } 4
A B
+—50m—p»e+—— 50m —»

From A to B

u=225s5=50,r=2,a="4

There is no v here, so you use the formula

i o /
S=ul+—ar
2

50 = 22.5><2+%m<2: =454+ 2q

=JU_45=2.5

a

The acceleration of the train is 2.5 ms >,

b From A4 to C

H=2255=100,a=25v=" There is no ¢ here, so you choose the
v =u’ +2as .,-———/‘> formula without #, v* =u* + 2as.

=225 +2x2.5x100 =1006.25
v=v1006.25=31.7 ...

The speed at Cis 31.7ms ' (3 s.f.). «+————— reasonable to give your answer to 3

c To find time from A to C
=225 v=v1006.25a=251t="
v=u+af

V1006.25=22.5+

- V1006.25-22.5
B 2.5

The time from B to C is

(3.69-2)s=1.695(3 s.£).
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without v, 5 = m+5u.f'.

Where no accuracy is specified, it is

significant figures.

It is possible to find the time directly using
1 ; ’
s=v —Em'" but this would give an awkward

quadratic with difficult coefficients. v =u+at
is easy to use and, in this case, it is easy to
adjust the time found, from 4 to C, by
subtracting the time taken to go from A4 to 5.
This gives the time from B to C as required,
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Exercise A, Question 9

Question:

A particle X moving along a straight line with constant speed 4T, passes through a fixed po®t Two seconds later, another
particle Y moving along the same straight line and in the same direction, passes thmwiigts@eed 6 m 1. The particle Ys
moving with constant deceleration 2 m%

a Write down expressions for the velocity and displacement of each pasedernds after Wassed through.O

b Find the shortest distance between the particles after they have both passed through O

¢ Find the value ot when the distance between the particles has increased t

Solution:

a For X, let the velocity at time ¢ second

be v, ms™ and the displacement 5, m. f seconds is the time since } passed through
v =4 0. X passed through O 2 seconds earlier, so
s, =4(1+2) < itis (7+2)s since X passed through O.

As Xis moving with constant speed,
distance = speed x time.

For Y, let the velocity at time ¢ second
be v, ms™' and the displacement s, m.

u=6a=-2
v, =u+at
=6-21

1
s =ut+—at”
2

=6t =1

b The distance between X and VY, d say, is given by
d=s,—s, =4(t +1}—{6.‘—!: ]

All real numbers squared are non-negative,
So {r—l}r =0 and it follows that
T+(t-1 =7+0=7,

There are alternative solutions using
differentiation.

=8-2f+1’
=7 +1-2+r
=74+(1-1) 27 =

The shortest distance is 7 m.

¢ T+(t-1) =23
(¢ |f =16 The negative square root of 16, —4, gives
pofed o t ==3. This can be ignored as the time
r: < would be before Y passed through O.
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Exercise A, Question 10

Question:

A stone is projected vertically upwards from a poimwigh initial speed un s~ L. It takes 3.5 s to reach its maximum height above
A. Find

a the value of u,

b the maximum height of the stone abA.

Solution:

a  Taking the upwards direction as positive. At the greatest height the stone is
instantaneously at rest. In algebra, v=0.

v=0r=35a=-98u="

v=u+al
0=u-98x35
u=343 —
When you model an object moving in a
u=34(2s.f) vertically as a particle moving with constant
acceleration of magnitude 9.8 ms ™, you
b v=0+=35a=-98s=? should give vour answers corrected to 2

significant figures. You should, however,
show your working to at least 3 significant

1 ) figures.
=0- = x [—9.8] % 3.5 =60.025

|
s=v——at”
Z

The maximum height above A is 60 m (2 s.1.).
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Exercise A, Question 11

Question:
A small ball is projected vertically upwards from a poinfTAegreatest height reached by the ball is 40 m abo&akulate
a the speed of projection,

b the time between the instant that the ball is projected and the instant it retA.

Solution:

a  Taking the upwards direction as positive.
s=40,v=0,a=-98,u="

vV =u 4+ 2:;\ At the greatest height the velocity

0 =1’ —2x9.8x40 of the ball is instantaneously zero.
u’=784 = u=28 ...

The speed of projection is 28 ms ™.

When the ball returns to A, its

/ displacement from A is zero.

b s=0,u=28,a=-98,t="

|
s=ut+—at”
2

0=28-4.9" =1(28-4.9)
28 The solution ¢ = 0 represents the time of

t=0,1= 29 5.714 ... s || projection. You choose the other solution

The time taken to return to A is 5.7 s, (2 s.f.). for the time of return.
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Exercise A, Question 12

Question:

A ball is projected vertically upwards and takes 3 seconds to reach its highest point. Atdiomls, the ball is 39.2 m above its
point of projection. Find the possible valuest.

Solution:
Find the speed of projection. There are two values of 1, one as the ball
Taking the upwards direction as positive. ascends and one as it descends. To find two

v=0,t=3,a=-98u=" \ values of 1, you will need to form a

_ . . ' | -

psr quadratic equation using s = uf +—at" .
0=u-98x3 = u=294 2

Before you can do this, you will need to use

§=392.u=294,a=-98.1=" the information, that the ball reaches its
greatest height in 3 s, to find w.

l...22
S=uwt+—at”
2

39.2=29.41-4.9¢+ :
4.9 -29.4{+392=0 < You may solve the quadratic h?r any exact mf:thod.
Dividing all the terms by 4.9 gives a quadratic
equation with integer coefficients, this equation

Dividing all terms by 4.9

I"—61+8=0 factorises easily.
(1-2)(-4)=0
t=2,4
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Question:

A stone is thrown vertically upwards with speed 16 1 from a point h metres above the ground. The stone hits the ground 4 s
later. Find

a the value of h,

b the speed of the stone as it hits the grc

Solution:

b

z

E + A

& l6ms’

= : &

2

5

‘& hm T
=

(T8

When the stone hits the ground, it is /&
metres below the point of projection and
so the displacement, s, is “minus /™.

Ground

a u=16a=-98r=4s5=-h

S=m‘+lﬂf:
2
—h=16%x4—49x4’
=-14.4
h=14 (2 s.6).

: The velocity, vms ™' ,is —23.2 ms'
b u=16a=-981=4,v=" Y . N
v=utat because when the stone hits the ground it is
moving downwards and the positive

=16-9.8x4=-23.2 ki
The speed of the ston b Hie g direction has been taken upwards. However,
. 2 "pee_li e ongas A il you have been asked for the speed of the
is 23ms” (2 s.f). stone as it hits the ground and speed is the

magnitude of the velocity, 23 ms ™' (2s.f).
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Question:

Two balls are projected simultaneously from two poinendB. The point Ais 54 m vertically below Binitially one ball is projected from A
towards Bwith speed 15 m s1. At the same time the other ball is projected fronoBards Awith speed 12 ms1.

Find the distance betweA and the point where the balls colli

Solution:

B

1
a4 12ms l

5 point of collision

54 m

Pl
¥Y15ms™ y l

From B, take the downwards direction as positive
=12, a=98

1 .,
s =ut+—at”
2

=12t +498 ... ... (P

From A, take the upwards direction as positive p : e
P P relation that, at the point of collision, the

s el displacement downwards of the ball
5o=ul+ lm: projected from B added to the

/ displacement upwards of the ball

You can form an equation in ¢ using the

=15t-4.9¢ ... ... (2) projected from A is 54 m, the distance
between 4 and 5.
(1 +@2)
5,45, =12t +4.967 4151498 «—
54=27t
=2

Substitute 1 =2 into (2)
5, =15x2-49x2" =104

The balls collide at a point 10 m (2 s.f.) above A.
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Question:

6
A particle is projected vertically upwards from a pointith speed un s~ 1. The particle takes 2 storeach its greatest height

abowe A Find

a the value of u,

1
b the total time for which the particle is more thanzl7  m above A

Solution:

a  Taking upwards as the positive direction
6
v=0,g=-98t=2—=—,u="
7
v=u+ar
)
0 :n—'}.Ex'—O
7

"
::='-'}.8><"TU=28

b s=175u=28,a=-981="7 :
The particle passes through the point 1 ?.; m

.*;=1nf+lm: 2
above A twice. The first time is as it ascends.
The second, as it descends. The first stage of
the solution to part (b) is to find the two

values of r when these happen.

17.5 = 28t —4.9¢
4,91 - 28t +17.5=0
Divide all terms by 0.7
T2 -4 +25=0
(7t=5)(t-5)=0

5
=25
| The difference between these times is the
The time for which the particle is more than 17—m | total time for which the particle is more

5 2 -—// than ]?lm above A.
above A4 15 [5*;]5:4%5_ 2

This 1s an exact answer and can be left as it
is. 4.3 s would also be an acceptable answer.
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Question:

A particle moves along a horizontal straight line. The particle starts from rest, accelerates =t bn8sseconds, and then
deelerates at a constant rate coming to rest in a further 8 seconds.

a Sketch a speed-time graph to illustrate the motion of the patrticle.

b Find the total distance travelled by the particle during these 11 se

Solution:

a To find the velocity after 3 seconds You need to find the speed after 3 seconds, both
u=0a=2.t=3v=" to draw the graph in part (a) and to calculate the
v=u+at area of the triangle in part (b). You can do this
v=0+2x3=6 * either by using v=wu+at, as is shown here, or

v(m g .}n by using the key point that the gradient of a
speed-time graph represents the acceleration.
6 ===z
i
0| 3 THRID)

The area of the triangle between the speed-
time graph and the axis represents the distance
travelled.

b Area :%basc: « height

s=lllx6=33
2

The total distance travelled by the particle is 33 m.
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Question:

A man is driving a car on a straight horizontal road. He sees a junction Sahead, at which he must stop. When the car is at the point P
300 m from S, its speed is 30 m & The car continues at this constant speed for 2 s after passihg Fhan then applies the bra

so that the car has constant deceleration and comes to rest at S

a Sketch a speed-time graph to illustrate the motion of the car in moving ftors. P

b Find the time taken by the car to travel frPto S.

Solution:

a
v(ms™')4

30

ol 2 ((s)

— 7T —»

b Let T seconds be the time taken to travel from 4 to B.

The area of the trapezium between the

P l;{aw},r? «—— | speed-time graph and the axis represents

< the distance travelled.
300= %{2 + T]x 30

You know that the distance is 300 m. The

=15(2+7T)=30+15T shorter of the parallel sides nf'.thc trapezium
300-30 represents 2 s and the longer side 7 seconds.
T="—_""=1R8 Y ou then form an equation using the formula
15 for the area and solve it for T.

The car takes 18 s to travel from A to B.
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Question:

v(ms ') 4

>

t(s)

:? -
Thefigure shows the speed-time graph of a cyclist moving on a straight road over a 7 s period. The sections of the graph from t
tot= 3, and from & 3 to t= 7, are straight lines. The section from 8 to t= 7 is parallel to the-axis.

State what can be deduced about the motion of the cyclist from the fact that

athe graph from £ 0 to t= 3 is a straight line,

b the graph from £ 3 to t= 7 is parallel to the-&xis.

¢ Find the distance travelled by the cyclist during this 7 s pt

Solution:

a  For the first 3 s the cyclist is moving with
constant acceleration.

The area, representing the
b  For the remaining 4 s the cyclist is moving distance travelled, is made up of
with constant speed. two parts.

¢ area = trapezium + rectangle <«
1 5 T

.€=5(2+5]X3+5K4

[}
L

=10.5+20=30.5 3 4
The distance travelled by the cyclist is 30.5 m.
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Question:

A train stops at two stations 7.5 km apart. Between the stations it takes 75 s to accelerate uniformly to a speédtBdmiravel:
at this speed for a timeskeconds before decelerating uniformly for the final 0.6 km.

a Draw a speed-time graph to illustrate this journey.
Hence, or otherwise, find

b the deceleration of the train during the final 0.6 km,
cthe value of T

d the total time for the journe

Solution:
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& V(ITIS I]n
o s : \
) 15 7 £ ;(5]

b Let time for which the train decelerates be 1, s .

While decelerating

Page2 of 2

The motion of the train while
decelerating is represented by this
triangle .

24

area = %base % height

600 =1, x 24
2

1200
.f1 o —
24
Acceleration is represented by the gradient.

=
i 50

The deceleration is 0.48 ms™.

50

¢ For the whole journey

s=l2{a+b]h

?snn=é(r+r+1zs]xz4

=12(2T +125) = 24T +1500

_ 75001500
24

i =250

r|
The area of this triangle represents the
distance travelled while decelerating,
which is given to be 0.6 km = 600m.

The shorter of the parallel sides of the
trapezium represents 7 seconds.

The longer of the parallel sides of the
trapezium represents

(75+T +1,)s=(75+T +50)s
=(T+125)s

d  Total timeis (75+7 +1,)s=(75+250+50)s =375s.
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Question:

A car accelerates uniformly from rest to a speed of 20 fis T seconds. The car then travels at a constant speed of 26 fars
4T seconds and finally decelerates uniformly to rest in a further 50 s.

a Sketch a speed-time graph to show the motion of the car.
The total distance travelled by the car is 1220 m. Find
b the value of T,

¢ the initial acceleration of the ¢

Solution:

G'lT—I':'I— 4T —l-:-l—SD — r?l'ls}

The shorter of the parallel sides of the
trapezium represents 47 seconds.

b os= l[a +b)h The longer of the parallel sides of the
2 / trapezium represents

I22{)=|;{4T+5T+S[I}x2[l (7 +4T +50)s = (5T +50)s .
=10(97 +50) = 90T + 500
T = 1220-500 3 The gradient of the line for the first T

9() seconds represents the initial acceleration.
the increase in velocity

The gradient is - —
20 20 the increase in time

a —_— e T w—

T 8

The initial acceleration of the caris 2.5ms .

2.5
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Question:

Speed
(ms ")

9- ______

fadmmmm e pmm e

a

g:g 25 time (s)

A sprinter runs a race of 200 m. Her total time for running the race is 25 s. The figure is a sketch of the speed-time graph for the motion of
the sprinter. She starts from rest and accelerates uniformly to a speed ofldmss. The speed of 9 nT ¢ is maintained for 16 s and

she the decelerates uniformly to a speed ohis~ 1 at the end of the race. Calculate

a the distance covered by the sprinter in the first 20 s of the race,

b the value of u,

¢ the deceleration of the sprinter in the last 5 s of the

Solution:

a Forfirst 20 s

|
F=— +b)}
s z{a )h
=l{16+2{])x9=I62
2

The distance covered in the first 20 s is 162 m.

b The distance covered in the last 5 s is The t . tine the di

167\ m = 3 e trapezium representing the distance
(200-162)m =38 m. travelled in the last 5 s has shape

I

s=—(a+b)/
\] 2{(! }I
3s=l{u+9)x5 . 9
2 "
38x2

5
The area of this trapezium must equal 38

and you can form an equation in u.

H+9="—"-=15.2
5
=062

= P 4
_u ‘]:ﬁ.._ ‘}: 28=—0.56
“'-‘_‘____

c a

5 5 5
The deceleration in the last 5sis 0.56 ms ™.

The gradient of the line representing the last 5 s
of motion is negative, v decreases by 2.8 as ¢
increases by 5.
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Question:

An electric train starts from rest at a statioan®l noves along a straight level track. The train accelerates uniformly at 0-£ho s
a peed of 16 m 51. The speed is then maintained for a distance of 2000 m. Finally the train retards uniformly for 20 s before
coming to rest at a station. Bor this journey from Ao B,

a find the total time taken,

b find the distance from £ B,

¢ sketch thedistance-time graph, showing clearly the shape of the graph for each stage of the |

Solution:
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a v{m s")“

16

*—— | You were not asked to sketch a speed-time
graph but it helps you to visualise the
Ok : 20 —» _f[s} problem and you will be able to work out

' . part b using the area of the trapezium.

Let the time for which the train accelerates
be 1, s and the time for which it travels at

a constant speed be 1, 5.
During acceleration

v=u+at

16=0+0.4r, = 1, :E:d,n - A-t constant speed, .
0.4 distance = speed x time.

At constant speed

2000=16xt, = t, =$:|25

The total time is (#, +7, +20)s =(40+125+20)s=1855.

b s=12{a+h}h 4/

=%{125+185}xlﬁ = 2480

AB =2480m

c The distance moved in the first 40 s of motion
is given by

3=%x40x]6=320

A distance-time graph is a straight line
when the object is moving at a constant
speed and a curve when the object is
accelerating or decelerating.

s(m) 4

2480
2320

320
o
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Question:

A car starts from rest at a point Son straight racetrack. The car moves with constant acceleration for 20 s, reaching a speed of 25 m
s~ 1 The car then travels at a constant speed of 25 hfar 120 s. Finally it moves with constant deceleration, coming to rest at a
pointF.

a Sketch a speed-time graph to illustrate the motion of the car.

The distance between Sands km.

b Calculate the total time the car takes to travel from Sto F

A motorcycle starts &, 10 s after the car has leftBhe motorcycle moves with constant acceleration from rest and passes tt
a pointP which is 1.5 km from S. When the motorcycle passes the car, the motorcycle is still accelerating and the car is moving at a
constant speed. Calculate

¢ the time the motorcycle takes to travel from Sto P

d the speed of the motorcycleP.

Solution:
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a u(ms"]
25 |-===3

( 4
0], 20 140 , 1)

b Let the total time be T seconds,
1
§=— hih
5 2(a+ )

4000=%[120+T]x 25

12047 =2200%2 _330 = 7-200
The total time the car takes to travel from S to F
is 200 s.
C The distance the car travels while accelerating is . -
given by In part ¢, you first have to find the time the
| car takes to get to P. There are two stages to
s=-x20x25= 250(m) this — the time for which the car accelerates
= 20s, gi d the time for which it
The car travels a further (1500 -250)m =1250 m (200 gtven) and thetime Sr i
e L. travels at a constant speed, which needs to be

at a constant speed. The time it takes to do this is saloulated
given by The motoreyel s less

N g yele then takes 10 s less than the
1250 =25t = +=50. sum of these two times.
The car takes 70 s to reach P. /
Hence the motoreyele takes 60 s to reach P

d  For the motorcycle This solution to part d makes no

w=0,s=1500t =60,v="7 reference to a speed-time graph. It is not

Sy uncommon for some parts of a question
5= ( 3 ] to be better done using the properties of

\ graphs and other parts to be better done
1500 = [ 0+ "JGG =300 = p= 1500 -50 ulsing thf: one or more of the 5
2 3 kinematics formulae.
1

The speed of the motoreyele at Pis S0ms ™.
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Question:

Two cars AandB are travelling in the same direction along a motorway. They pass a warning sign at the same instant and,
subsequently, arrive at a toll booth at the same instant.

Car Apasses the warning sign at speed 24h sontinues at this speed for one minute, then decelerates uniformly, coming to rest
atthe toll booth.

Car Bpasses the warning sign at speed 30 sontinues at this speed fosdtonds, then decelerates uniformly, coming to rest at
the toll booth.

a On the same diagram, draw a speed-time graph to illustrate the motion of each car.
The distance between the warning sign and the toll booth is 1.56 km.
b Find the length of time for which i& decelerating.

¢ Find the value oT.

Solution:
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a
1-'[m g ) 1 B You should label the graphs so that it
is clear which represents car 4 and
30 which represents car B.
24

0 T )
b Let the time for which A is decelerating be 7, 5. The trapezium representing the
For car A distance moved by car A is
1
.¢=E[a+b]h 60
1
1560=5[50+60+11)x24 - 24
=12(120+1,) =1440+121,
60 +1,
- 1560 - 1440 ~10
T 12 - Putting the area of this trapezium equal
The time for which A is decelerating is 10s. to the distance travelled in metres,
1560, gives an equation which you can
c Both cars take 70 s to move from the warning sign | solve for 7,.
to the toll booth.
For Car B
1 The trapezium representing the distance

,-;:E[cr+b]ff / moved by car B is
: T

ISGU:E[T+?D}><3{]=15T+I{}S{]
~105
T=I56ﬂlslﬂ.ﬂ:34 30

70
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Question:

A train is travelling at 10 m s on a straight horizontal track. The driver sees a red signal 135 m ahead and immediately applies the
brekes. The train immediately decelerates with constant deceleration for 12s, reducing its speed fo Bha driver then releases

the brakes and allows the train to travel at a constant speed of 3 fioisa further 15 s. He then applies the brakes again and the

train slows down with constant deceleration, coming to rest as it reaches the signal.

a Sketch a speed-time graph illustrating the motion of the train.

b Find the distance travelled by the train from the moment when the brakes are first applied to the moment when its speed first
reaches 3 msl

¢ Find the total time from the moment when the brakes are first applied to the moment when the train comes to rest.

d Sketch an accelerati—time graph illustrating the motion of the tr:

Solution:
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a

Page2 of 2

b .';=—2|—[a+b}fr

=%[3+Iﬂ}x12=?8 «

The required distance is 78 m.

¢ The distance travelled at constant speed 3ms™'

The trapezium representing the distance
moved by the train during the initial
deceleration is

10

is given by
s=3x15=45
The distance travelled under the final deceleration

is (135-78-45)m=12m.
Let the time taken for the final deceleration be 7, 5.

I2=%r,x3 = =8 — . _ .- |

The total time is (12+15+8)s=35s.

d  The initial deceleration is S ms™.

The final deceleration is 2 ms .

The distance travelled during the final
deceleration is represented by the triangle

s\

i

(]

This distance is 12 m and use of the usual
formula for the area of a triangle enables
you to find ¢,.

afms” \
12 27 35 The decelerations can be written down

R m— ey - . . -

O r(s} using lhe. key point that the gradient of
a speed-time graph represents the
acceleration.
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Question:

A straight stretch of railway line passes over a viaduct which is 600 m long. An express train on this stretch of line normally travels
ata speed of 50 msl. Some structural weakness in the viaduct is detected and engineers specify that all trains passing over the
viaduct must do so at a speed of no more than 10 fnApproaching the viaduct, the train therefore reduces its speed from 50 m

s~ Lwith constant deceleration 0.5 M § reaching a speed of precisely 10 mlgust as it reaches the viaduct. It then passes over
theviaduct at a constant speed of 10 mtsAs soon as it reaches the other side, it accelerates to its normal speed of 5@ith s

congant acceleration 0.5 m <.

a Sketch a speed—time graph to show the motion of the train during the period from the time when it starts to reduce speed to the
time when it is running at full speed again.

b Find the total distance travelled by the train while its speed is less than 58 m s

¢ Find the extra time taken by the train for the journey due to the speed restriction on the

Solution:
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a To find time taken to decelerate
=50, v=10,a=-0.51="7

v=u+at
50-=10 The acceleration is symmetric
10=50-0.5r = 1= 03 =80« with the deceleration and takes
: 80 s.
At the constant speed of 10 ms™' :

§=ul
600 =10xr = =60

v(ms™),

The total distance travelled is
represented by two trapezia with

> dimensions
((s)
50

10

80

b s=l(10+5[}]x30+60x l{]+l(10+5{]]><8|]ﬁ
2 2 plus the rectangle

= 2400 + 600 + 2400 = 5400 10

The distance travelled by the train is 5400 m. 60

¢ Ataconstant speed of S0ms™'

distance = speed x time

5400

5400=50r = ¢ 0 =108

The extra time is (220-108)s=112s.
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Question:

A bus and a cyclist are moving along a straight horizontal road in the same direction. The bus starts at a bnd stope3 with
constant acceleration of 2 nT $ until it reaches a maximum speed of 12 fritslt then maintains this constant speed. The cyclist
travels with a constant speed of 8 mls The cyclist passes jDst as the bus starts to move. The bus later overtakes the cyclis
point A

a Show that the bus does not overtake the cyclist before it reaches its maximum speed.

b Sketch, on the same diagram, speed—time graphs to represent the motion of the bus and the cyclist as they niove from O

¢ Find the time taken for the bus and the cyclist to move fram ®

d Find the distancOA.

Solution:
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a  Find the time for the bus to reach its
maximum speed.
u=0,v=12,a=2,1t="?
v=u-+al
12=0+2t = t=6
Find the distance travelled by the bus
in reaching its maximum speed.
u=0,v=12,a=2,5="7
v =u’ +2as
12° =07 +4s = s=36 (m)

In 6 s, the distance travelled by the cyclist is

given by distance = speed = time.
=8x6=48(m)

As 36 m is less than 48 m the bus has not

overtaken the cyclist.
b 4 Y ou should label the graphs so that it is
V{Tﬂ § } " clear which represents the bus and which

5 represents the cycle.
] / 4—cycle

c Let 7 seconds be the time for the bus and the | 1h€ area of the trapezium representing the
cyclist to move from O to A. =6
| distance travelled by the bus i 12
—(T-6+T)x12=8T <
2 r
6 ( 2T-6)=12T-36=8T must equal the rectangle representing the
4T =36 = T =9
The time taken is 9 s. distance travelled by the cycle
8
d  For the cycle, distance = speed x time T
=8x9m=72m
O4A=T72m
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Question:

Two trains AandB run on parallel straight tracks. Initially both are at rest in a station and level with each other. At Omé& t
starts to move. It moves with constant acceleration for 12 s up to a speed of 30and then moves at a constant speed of 30 m
s~ L Train Bstarts to move in the same direction aghfen t= 40, where is measured in seconds. It accelerates with the same

initial acceleration as,Aip to a speed of 60 nT£. It then moves at a constant speed of 60h Jrain Bovettakes Aafter both
trains have reached their maximum speed. Trand3takes Avhen t=T.

a Sketch, on the same diagram, the speed—time graphs of both trairstfern

b Find the value oT.

Solution:

a v(ms'),

L e et
Train A4 Train B
I krinia
E Train B accelerates at the same rate
i N as Train A. So if Train A takes 12 s
(@] \IE 40 r'(s] to reach 30 ms™', then Train B will
take 24 s to reach 60 ms™'.

b The distance travelled by Train 4 in T seconds is given by
.':=%(T ~12+T)x30=15(27 -12)

The distance travelled by Train B in 7 seconds is given by

P =l( T—64+T—40)x60=20(2T —104) « You use the fact that the two
2 trapezia have the same area

to form an equation in T,
which you solve.

At the point of overtaking the distances are equal.

15(27 -12)=30(27T -104)

307 180 = 607 —3120

307 = 2940

2940
30

98
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Exercise A, Question 29

Question:

A train starts from rest at a station, accelerates uniformly to its maximum speed of 75 magels at this speed for a time, and
then decelerates uniformly to rest at the next station. The distance from station to station is 1260 m, and the time spent travelling at
the maximum speed is three-quarters of the total journey time.

a Sketch a speed-time graph to illustrate this information.
b Find the total journey time.
Given also that the magnitude of the deceleration is twice the magnitude of the acceleration,

c find the magnitude of the accelerat

Solution:
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a
v{m5'1) ¥
< ar »
15 LLLLLL ] - I
@ +—l—» -« F:—I He)

b Let the total time for the journey be T seconds.
1
s=—la+b)h
(a+b)

Iiﬁﬂzl(iT+T}xl5
2\ 4

T, 2x1260 o
4 15
T=4>{I68=96

7

The total time for the journey is 96 s.

c Let the time taken accelerating be ¢, seconds.

Let the time taken decelerating be f, seconds. —
| The acceleration is represented by the
L+t,=—T=24 ... ...(1) gradient of the line .
4 , 15
Gradient = —
The acceleration is — s
1 f

yoorrie BB
The deceleration is —s
I,
The magnitude of the deceleration is twice the magnitude
of the acceleration.

E:zXE e f: =l|fI {2.,'
[ L

Substitute (2) into (1)

You get an expression for the
deceleration in a similar way to
that used for the acceleration.

r|+l;|:£;| =24 = f|=-2:)(24=]:6
2 2 3

AP [ | y
The accelerationis —=—ms .
t 16
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Exercise A, Question 30

Question:

The brakes of a train, which is travelling at 108 km*hare applied as the train passes a paiffth® brakes produce a retardatio
magnitude 3fm s~ 2 until the speed of the train is reduced to 36 kirthThe train travels at this speed for a distance and is then
uniformly accelerated atnfi s~ 2 until it again reaches the speed 108 kmtlas it passes point Bhetime taken by the train in
travelling from Ato B, a distance of 4 km, is 4 minutes.

a Sketch a speed-time graph to illustrate the motion of the train frnBA

b Find the value of.f

c Find the distance travelled36 kmh~1,

Solution:
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1081000

You must work in a consistent set of units.
The speeds are in km and hours, the
accelerations in m and s. Reduce
everything to m and s.

a 108kmh'=———ms =30ms™
3600
36kmh'=10ms™’
v(ms"]“
30

10|-©--

|
|
I
1
|
|
|
l

-
L

0 l 240 1(s)

4 [ =240 —4f »4— 31 —»
a+— [ —»

b Letseconds be the time the train takes to retard.

Then 3f=? = f=% R {1

Let T seconds be the time takes to accelerate.

Accelerations and deceleration are
the gradients of line. Here, while
accelerating ,

[ = gradient

20
Th =— ......[(2) =
en f 7 (2)

From (1) and (2) T =3¢ and the time travelled
at constant speed is 240 -4+ seconds.

%[10+3{}}.r+ ID{ZdU-4!}+%{I[}+3n]3r=4{}[]{)

‘—_-_-_-—__"'"“‘——-_

20¢ + 2400 = 407 +60r = 4000
40t = 1600 = r=40

From (2) above

.20 20 20 1
ST 3 120 6
¢ At constant speed, distance = speed x time
s =10x(240—-4r) =10x(240-4x40)
=10x80 =800

The distance travelled at 36 km h™' is 800 m.

© Pearson Education Ltd 2C
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The areas marked @, @ and © in the
speed-time diagram added together
represent the distance travelled. @
and © are trapezia; @ is a rectangle.
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Question:

A car of mass 750 kg, moving along a level straight road, has its speed reduced from 2®BmSm s 1 by brakes which
produ@ a constant retarding force of 2250 N. Calculate the distance travelled by the car as its speed is reduced ffdnn25 m s
15ms- 1

Solution:
Positive direction =
amsg”
tr N
2250N
‘—
l?SGg The retarding force is slowing the car down and
is in the negative direction. So, in the positive
F=ma direction, the force is —=2250.
R(—>) -2250=750q
_ 2250 _ 3
750 s There is no ¢ here, so you choose the formula
i B - - - 37 without #, v* =u° + 2as.
v  =u"+2as
15° =25"—6s
25 -15* 400
5= = = ':EHE-E
6 6 3

The distance travelled by the car as its speed is

reduced 15 66%m5 '
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Question:

A particle Pis moving with constant acceleration along a straight horizontal ling AB€re AC= 24 m. Initially Pis at Aand is

moving with speed 5 m's! in the direction ABAfter 1.5 s, the direction of motion ofi®unchanged and iB at Bwith speed 9.5n
-1

s™

a Show that the speed of & Cis 13m s 1,

Themass of As 2 kg. When Reaches C, an impulse of magnitude 30 Ns is appliedinatie direction CB

b Find the velocity oP immediately after the impulse has been applied, stating clearly the direction of mcP at this instan

Solution:
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m
— —
@ [ ]
A B C
<+ 24 m—
FromAto B
u=5v=951=15a=? You need to find the acceleration, a,
v=u+at first by considering the motion from
9.5=5+1.5a A to B. Then you can proceed to find
_95-5 . the speed at C by considering the
w g E e motion from A4 to C.
From A4 to C
ueds=24u0=3v=7
v =u’ +2as
=5 +2x3x24 =169
v=v169=13
The speed of P at C'is 13 m s, as required.
b =
Before ]3_..m :
(2 kg) 30N s
B C
After —»
yms Impulse is a vector quantity and you
Positive direction must always consider its direction.
g If the direction from B to C is taken
as the positive direction then an
I=mv—mu impulse of 30 N s in the direction
/’/_ from C to B must be taken as —30.
—30=2xv-2x13
2v=-30+26=—4
v=-2 < The answer v=-2 shows that
The velocity of P immediately after the impulse the velocity is in the negative
has been applied is 2ms™' in the direction CB. direction, that is from C'to B.

© Pearson Education Ltd 2C
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Question:

A ball of mass 0.3 kg is released at rest from a point at a height of 10 m above horizontal ground. After hitting the ground the ball
rebounds to a height of 2.5 m.

Calculate the magnitude of the impulse exerted by the ground on ti

Solution:

UOLIOILP DALIISO ]

As ball descends
u=0,a=98s5s=10,v=y

The ball is released from rest 10 m
above the ground. The first step is to
calculate the speed with which the
ball strikes the ground.

v =u® +2as

vl =0"+2x10x9.8=196
v =+v196=14
After rebound You must then use the fact that the ball
reaches a maximum height of 2.5 m to

find the velocity with which it rebounds
from the ground.

v=0,a=98,5=-25u=v, ¢—m |
v =u’ +2as

0° =v; +2x9.8x(-2.5) =>v; =49
v =—V49=-T4——_ | Asitrebounds from the ground, the ball is
I =mv, —mv, moving upwards. That is in the negative

direction. You must take the negative
square root of 49, which is —7.

=0.3%x(-7)-03x14=-6.9
The magnitude of the impulse is 6.9 N.

© Pearson Education Ltd 2C
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Question:

Two particles AandB have mass 0.4 kg and 0.3 kg respectively. They are moving in opposite directions on a smooth horiz:
and collide directly. Immediately before the collision, the speedisféAn s~ 1 and the speed of B2 m s~ 1. As a result of the
collision, the direction of motion of B reversed and its speed immediately after the collision is 3'nRnd

a the speed of Ammediately after the collision, stating clearly whether the direction of motioriso€ianged by the collision,

b the magnitude of the impulse exertedB in the collision, stating clearly the units in which your answer is ¢

Solution:
Positive direction
~ 6ms’ 2ms™
Before ——» —
f* (o)
Affhar —_— - » The total linear momentum before
vms' 3 m‘s:/ impact must equal the total linear
X - mentum after im 3
a Conservation of linear momentum momentum after impact

The velocity of B before impact is

0.4x6+0.3x (_ﬁ: 0.4xv+0.3x3 in the negative direction so it must

24-06=04v+0.9 be entered as -2 in any equations
0.4v=24-0.6-09=0.9 involving linear momentum.
C
1r=U;) =2.25
0.4

The velocity of A is positive

The speed of A after the collision is 2.25ms™'. : _ ‘
(2.25m s ) after impact and it

The direction of motion of A is unchanged.
was positive (6 ms ') before
impact. So the direction of
motion of A is unchanged.

b For B, I =mv—mu
.’:U‘.Ex3—ﬂ.3x(—2}
=09+06=1.5

The magnitude of the impulse exerted on B
is 1.5 N s.
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Question:

A railway truck Sof mass 2000 kg is travelling due east along a straight horizontal track with constant speed-.TPhm suck S

collides with a truck Twhich is travelling due west along the same track as Swith constant speed’ fhe magnitude of the
impulse of Ton Sis 28 800 Ns.

a Calculate the speed ofi@mediately after the collision.
b State the direction of motion of Simmediately after the collision.
Given that, immediately after the collision, the speed isf3.6 m s 1, and that T ad Sare moving in opposite directions,

c calculate the mass T.

Solution:
Positive direction (East : :
Cast > You do not know which direction § will
1 y 6 ; be moving in after the impact. Mark the
Before = S, < B unknown velocity as vms™' in the
positive direction After you have worked
S 0 out v, the sign of v will tell you the
direction § is moving in.
After — <+—— You may not be sure, when starting
Ve ms the question, which direction / is
a ForS, I=mv—mu moving in after the impact. You can
—28 800 =2000x v, —2000x12 leave it blank at this stage a fill it in
2000v, =28 800+ 24 000 = ~4800 Afler snawernE prt b.
4800
ve=———=-24
' 2000

T . . The sign of v is negative, so S is
The speed of § immediately after the collision S e
i moving in the negative direction. In

is 24ms ', < . . S
18,2 m o ) ] this solution, the positive direction
b Immediately after the collision § is moving due west. has been taken as east. so S is now

¢ Conservation of linear momentum moving west.
200012+ mx(—6)=2000x%(-2.4)+mx3.6

28800
9.6

9.6m =24 000+4800=28800 = m= = 3000

The mass of T is 3000 kg.
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Question:

Two particles AandB, of mass 0.5 kg and 0.4 kg respectively, are travelling in the same straight line on a smooth horizontal table.
Particle A moving with speed 3 msl, strikes particle Bwhich is moving with speed 2 nst in the same direction. After the

collision Aand Bare moving in the same direction and the speedi®B m s 1 greater than the speed af A

a Find the speed of And the speed of &fter the collision.

b Show that Aoses momentum 0.4 N s in the collision.

Particle Blater hits an obstacle on the table and rebounds in the opposite direction with speed.1 m s

¢ Find the magnitude of the impulse receiveB in this second impa

Solution:
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Positive direction

.
-

Ims 2ms

Before

—
You need to translate the statement that
A B | 04ke 'the speed of Bis 0.8 ms™' greater than
the speed of A' into algebra. If the
e

speed of A after the collision is vm s
After —*, 0 : =

vms (v40.8)ms then the speed of B is 0.8 ms

T T greater; that is (v+0.8)ms ™.
a Conservation of linear momentum

0.5%x3+0.4x2=05xv+0.4(v+ U.S]q___________ All velocities in this part are

1.5+0.8=0.5v+0.4v+0.32 in the positive direction.
09v=15+08-032=1.98
y= .98 =2

To find the speed of B add

0.9
The speed of A after the collision is 2.2ms™' / 0.8ms™' to the speed of A.

The speed of B after the collision is (2.2+0.8)ms”' =3ms".

b  The momentum of 4 before the collision is given by - —
mu=05%x3Ns=15Ns * The momentum of a particle is

The momentum of 4 after the collision is given by ﬁnﬂt‘:ﬁg?: :i:zt]g:'ti -
my=0.5x22Ns=1.1Ns * ANRIHS.

A loses momentum (1.5—1.1)Ns=0.4 N s, as required.

afore 3MS
c Before >

Obstacle on
B the table

After

.1
kI3 Left to right has been taken as the
For B, before and after the second impact positive direction throughout the
= mv —mu question. The impulse on B is

=0.4x (—l}—{}.4 %3 negative as, as the situation is drawn
o] € / here, the impulse on B is in the

The magnitude of the impulse received by B direction from right to left.

in this second impact is 1.6 N s.
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Question:

Two particles AandB, of mass 3 kg and 2 kg respectively, are moving in the same direction on a smooth horizontal table when they
collide directly. Immediately before the collision, the speed isfAm s~ 1 and the speed of B 1.5 m s~ L. In the collision, the

patticles join to form a single particle.C

a Find the speed of @nmediately after the collision.

Two particles Pand Qhave mass 3 kg and kg respectively. They are moving towards each other in opposite directions on a

smooth horizontal table. Each particle has speed 4 fnwhen they collide directly. In this collision, the direction of motion of

particle is reversed. The speed affimediately after the collision is 2 nT$ and the speed of @81 m s~ 1

b Find

i the value of m

ii the magnitude of the impulse exertedQ in the collision

Solution:
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a Positive direction .
Before ﬂ,?_[ I.5m 5:
A B
After A+ B
—
vms'

Conservation of linear momentum
d%x3+2%x1.5=5%v

1243=5v = uzgzl’r

Page2 of 2

After the collision 4 (of mass 3 kg)
and B (of mass 2 kg) combine to
form a single particle. That particle
will have the mass which is the sum
of the two individual masses, 5 kg.

The speed of C immediately after the collision is 3ms ™.

Positive direction

b >
4ms 4ms”
Beﬁ’)r@ —_— —
After ¢ —
2ms lms

(1) Conservation of linear momentum

In the equation for the conservation of
momentum, you must give the velocities in
the negative direction a negative sign,

3X4+JNX{—‘ﬁ:3X{—ﬁ+mxI
12-dm=—6+m = 5m=18
m=E=3.ﬁ
5

As the magnitude of the impulse exerted on
P is the same as the magnitude of the

(i) For Q, I=mv—mu =
f:3.6xl—3-6x{—4}
=3.6+144=18

The magnitude of the impulse exerted on Q
in the collision is 18 N 5. «

impulse exerted on ¢, you could equally
correctly work out the change in linear
momentum of P. The working then would
be / =3x(-2)-3x4=-18, which gives

the same magnitude, 18 N s..
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Exercise A, Question 38

Question:

A railway truck, of mass 1500 kg and travelling with a speed 6 fadong a horizontal track, collides with a stationary truck of
mass 2000 kg. After the collision the two trucks move on together, coming to rest after 12 seconds. Calculate the magnitude of the

constant force resisting their motion after the collis

Solution:
Positive direction 1
Before ﬁﬂlﬁ Stationary
1500 kg 2000 kg
3500 kg
After ——

vms'

Conservation of linear momentum
15006 =3500v¢
_1500x6 18

P ——

3500 7
To find deceleration

rt:E.w:{}.r:IZ,a:?
7

v=iu+al

U‘ZE+|2&' = a:—ExL: <
7 7 12 14

To find the magnitude of the resisting force, F, say

F =ma

3
F=3500%——=_750 <
14

The magnitude of the resisting force is 750 N.
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You need to have a plan when
tackling this sort of question. The
question has not broken the problem
down into separate parts and you
need to make your own plan. You
have to find the three steps for
yourself.

1. Use conservation of linear
momentum to find the velocity of the
trucks after the collision.

2. Use a kinematics formula to find
the deceleration.

3. Use Newton’s Second law with
your result from step 2 to find the
force.
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Question:

A particle Pof mass 0.3 kg is moving in a straight line on a rough horizontal plane. The spedeakBses from 7.5 nTdto 4 m
1

s~ Lin time Tseconds. Given the coefficient of friction betweeanB the plane ig , find

a the magnitude of the frictional force opposing the motion,of P

b the value oT.

Solution:

Positive direction

v

RN Y ou should begin by drawing a diagram

——"" | which showsall of the forces acting on P

FN B : :
AL and its acceleration.

03gN

a  R(T) R-03g=0= R=03g
F=uk

= %xﬂ.Jx‘}.S =0.42

The magnitude of the frictional force
opposing the motion of P is 0.42 N,

b F=ma You are asked to find T but before you can
R{_)} ~-F=03a use v=u+at, you have to find the value of
a, using Newton’s second law. As the particle

Using the result of part a : - 3 "
0.42 / 1s slowing down, a 1s negative.
-042=3a = a=———=-14

0.3
w=715v=4a=-14,T="
v=u+afl
4=75-14T
T=?'5_4=2,5

1.4
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Question:

A small stone moves horizontally in a straight line across the surface of an ice rink. The stone is given an initial speed.at7 m s
comes to rest after moving a distance of 10 m. Find

a the deceleration of the stone while it is moving,

b the coefficient of friction between the stone and the

Solution:
Positive direction
You are given no value for mass of the
RN small stone and you will need to have an
FN i expression for the weight of the stone.
Lot Let the mass of the stone be m kg, then
/ the weight of the stone is mg N .
me N
a u=7,v=0,5=10,a="
v =y’ +2as
0°=7"+2xaxl0
49
a=——=-245
20

The deceleration of the stone is 2.45ms .

b R[T) R-mg=0 = R=mg

F=uR=umg
F=ma
R(—)} —F =ma

The m *cancels’ at the end of the
: question. This result would be the same
_ 245 & 0.25 with a small stone of any mass.

—pmg = mx(-2.45)

The coefficient of friction between the stone
and the ice is 0.25.
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Exercise A, Question 41

Question:

3
A rough plane is inclined at an angléarthe horizontal, where tan= 7 . A particle slides with acceleration 3.5 mdown a line

of greatest slope of this plane. Calculate the coefficient of friction between the particle and tl

Solution:

R—mgcosa =0

R(/)

R =mgcosa =+mg

Friction is limiting
F=uR=4%umg

R(\.) mgsina—F =m
3 Mg —5 pg = p(3.5
3 —
PO s T O
%98

The coefficient of friction between the particle
and the plane is 0.30 (2 s.f.).
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4
You can see from the above

diagram that if tana = % ;

. 3 4
then sina =— and cosa:g.
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Question:

A particle moves down a line of greatest slope of a rough plane which is inclineél & 3@ horizontal. The particle starts from
rest and moves 3.5 m in time 2 s. Find the coefficient of friction between the particle and tt

Solution:

u=0s5=351t=2,a="

L
s=uf+—at
2

3.5=ﬂ+lax23 =2a

a= s =1,73
2
R(/) R—mgcos30°=0 = R=mgcos30° As often happens, the m which you had
Friction is limiting to introduce at the beginning, “cancels”
F = uR = umg cos 30° because it is a common factor of all of
R(\.) mg sin30°— F = ma the terms in the equation.

#ig sin 30° — y g cos30° = pf x1.75

AR
e 9.8sin30°-1.75 —03711 ...

9.8¢cos30°
The coefficient of friction between the particle
and the plane is 0.37 (2 s.1).
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Question:

A stone Sis sliding on ice. The stone is moving along a straight line WB&e AB = 24 m andAC = 30 m . The stone is subject to a
constant resistance to motion of magnitude 0.3 N. thiespeed of Sig0 m s1 | and atiBe speed of Si6 m sl . calculate

a the deceleration of S
b the speed dbat C
¢ Show that the mass of Sis 0.1 kg.

At C, the stone Shits a vertical wall, rebounds from the wall and then slides back along the [ifiee @#agnitude of the impulse
the wall on Sis 2.4 N s and the stone continues to move against a constant resistance of 0.3 N.

d Calculate the time between the instant S rebounds from the wall and the instant 1S comes to res

Solution:

ams™
20ms”’ > |

—»
03N ¥
———>

- 30m
a FromAto B
u=20v=16,s=24a="1
v =u’ +2as
16 =20° + 485
16° —20° -
48
The deceleration of Sis3ms™.

=3
=
ml

=9\

Y

-3

§F=

b FromAtoC
u=20,5s=30.ga==-3,v="

Ve =u" +2as

i No accuracy is specified in this
=207 +2x-3x30=400-180 =220 question and no numerical value of g is
v=y220~14.8 used. Where there is no exact answer, it
The speed of Sat Cis [4.8 m 5! (3 s.1.). is reasonable for you to give your
answers to 3 significant figures.

C F =ma
0.3

-

3
The mass of § is 0.1 kg, as required.

—03=mx-3 = m= =01
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Positive direction

Y

Before V220ms™'

@ Wall It is quite common for the final
N velocity in one calculation, here
After — the velocity afier the impact with
| the wall, to become the initial

it velocity in the next part of the
I=mv—mu question, here the deceleration. So
-2.4=0.1 x(_“') —0.1x+220 v in one calculation is « in the
0.lv=24-0.1x4220=091676... next.

v=9.16706 ...

S now slows down with deceleration 3ms™.

W s R T The equation of motion has not
‘\ changed since part (¢), except

Y=pars B Reelom % that it has reversed direction. The

e J'.[}SS 5 resistance is still 0.3 N and the
The time taken to slow to rest is 3.06 s (3 s.f). mass is, obviously, unchanged.
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Question:

A railway truck Pof mass 1500 kg is moving on a straight horizontal track. The truaili@es with a truck @f 2500 kg at a point
A. Immediately before the collision, P anda@ moving in the same direction with speeds 10thand 5 m s 1 respectively.
Immediately after the collision, the direction of motion dsRinchanged and its speed is 4 irtsBy modelling the trucks as
paticles,

a show that the speed ofi@mediately after the collision is 8.6 nT .

After the collision at Athe truck Pis acted upon by a constant braking force of magnitude 500 N. The taakds to rest at the
point B

b Find the distance AB
After the collision Qcontinues to move with constant speed 8.6 Th.s

¢ Find the distance betweP andQ at the instant wheP comes to res

Solution:
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Positive direction

.
Ll

10ms”' S5ms’

Before ——» —»

P 11500 kg O 2500 kg
After —» —_—

4ms’ vms '

a

Conservation of linear momentum
1500104+ 2500x5=1500=4+ 2500v
15000412500 = 6000+ 2500v

- 15000+12500-6000 21500

2500 - 2500
The speed of O immediately after the collision
is8.6ms E, as required.

Page2 of 2

For P
F=ma

The only force acting on P in the
horizontal direction is the braking force
of 500 N.

R(—) -500=1500a = az—%

u=4,u=ﬁ,a=—l‘s=‘?
3
v =u’ +2as
B B
0°=4-25 = s=3x16=24
3 2

The distance AB is 24 m.

The time taken for P to come to rest is

given by

z.':4,v:{'.hu:-l,r=?
3 \
v=u+aft
0:4—14' = =12
3

The distance travelled by Q is given by
distance = speed = time

Before you can find the distance travelled by
truck O as truck P comes to rest, you will
have to find the time taken by P to come to
rest. As Q is travelling at a constant speed,
the distance it travels is found using
distance = speed x time .

s=8.6x12=103.2

The distance between P and Q at the instant when

P comes torestis (103.2-24)m=79.2m.

© Pearson Education Ltd 2C
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Question:

PN
S

[30°
T T T T T T T AT T T

A heavy suitcase 8f mass 50 kg is moving along a horizontal floor under the action of a force of magnitesddns. The force acts at
30° to the floor, as shown in the figure, and Smoves in a straight line at constant speed. The suitcase is modelled as a particle and the

3
floor as a rough horizontal plane. The coefficient of friction between Sand the figor is

Calculate the value .

Solution:

RN

PN

FN 30°

YFTTTT > TP ETTTIe TITTyI

It is a common error to omit the

v S0gN component of ” when resolving
vertically. A force at 30° to the
horizontal has components in both the
vertical and horizontal directions.

R(T) R-50g-Psin30°=0
R =50g + Psin30°

Friction is limiting ‘\-..______ B P
F=uR=%(50g+ Psin30°) 30°

As §'1s moving horizontally at a constant speed, |  —— P cos 30°
it has zero acceleration.
R(—) Pcos30°-F =50x0

Pcos30°-0.6(50g + Psin30°)=0 Collect the terms in P on one side
Pcos30°-30g +0.6Psin30°=0 of the equation and the constant
terms (there is only one here, 30g)

P(c0s30°+0.65in30°) =30g «— |
o on the other.
ps_SUBIE _ comy
cos30°+0.65in30°
=250 (2 s.f)

© Pearson Education Ltd 2C
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Question:
An engine of mass 25 tonnes pulls a truck of mass 10 tonnes along a railway line. The frictional resistances to the motion of the
enghe and the truck are modelled as constant and of magnitude 50 N per tonne. When the train is travelling horizontally the tractive

force exerted by the engine is 26 kN. Modelling the engine and the truck as particles and the coupling between the engine and the
truck as a light horizontal rod, calculate

a the acceleration of the engine and the truck,

b the tension in the coupling.

1
The engine and the truck now climb a slope which is modelled as a plane inclined attartke lhorizontal, where sin= 7.

The engine and the truck are moving up the slope with an acceleration of magnitude G-6Tmesfrictional resistances to motion
are modelled as before.

¢ Calculate the tractive force exerted by the engine. Give your answer il tonne = 100C kg)

Solution:
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) *___,,_.,—--‘ | tonne = 1000 kg. It is
Truck Engine

recommended that yvou work

10 000 kg T,-:” ]:-.N 25 000 kg MN with metres, kilograms and
< < seconds in all questions using
S00 N 1250 N Newton’s Second Law.

a  The resistance on the engine is 25x50=1250 N w| There is 50 N of resistance for each

The resistance on the truck is 10x50 =500 N tnnpc. so an engine of 25 tonnes is
resisted by a force of 50x25 N..

For the whole system, the engine and truck
R(—) F =ma

26 000 —1250— 500 = 35 0004 +————1 When }-’0}!.11 consi‘::lcr ‘tht:hwholc
system, the tension in the
a= 26000-1250-500 _ 97 —0.6928 ... | coupling acting on the truck
35000 140 and the tension in the coupling
The acceleration of the engine and truck is acting on the engine are of
0.693ms™ (3 s.f). equal magnitude and in
opposite directions. When you
b Forthic tuckalonie resolve horizontally, the
F=ma tensions cancel out .

T =5000=10 000a
T'=500+10000x0.6928... =7428.57 ...
The tension in the coupling is 7430 N (3 s.f.).

o
nf"‘hg

In this diagram, only the
forces which are relevant
when resolving up the plane
have been labelled. The
tractive force has been
labelled T N.

25000g N

c For the whole system, the engine and truck There are 5 forces
R(/] acting parallel to the

X lane. The tractive
T —2500-500-25000g sin & —10 000g §in & = 35 000a Eme s

T =1750+35 000x9.8% —+ 35 000 0.6 and two components of
70 weight.

=27 650
The tractive force of the engine i1s 28 kN (2 5.f.). «#4—

1 kN =1000N

© Pearson Education Ltd 2C
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Question:

A auitcase of mass 10 kg slides down a ramp which is inclined at an anglé @b 208e horizontal. The suitcase is modelled as a
paticle and the ramp as a rough plane. The top of the planeTisefbottom of the plane is&hd ACis a line of greatest slope, as
shown in the figure above. The poiniBon ACwith AB = 5 m. The suitcase leavesamth a speed of 10 ms! and passes ®ith a
speed of 8m 31, Find

a the deceleration of the suitcase,

b the coefficient of friction between the suitcase and the ramp.

The suitcase reaches the bottom of the ramp.

¢ Find the greatest possible lengtfAC.

Solution:
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aFromAto B
u=10,v=8s=5,a="?
v =u’ +2as
8 =10" +2xax5
8> —10°
10
The deceleration of the suitcase is 3.6 ms ™.

=-3.6

bR(/) R-10gcos20°=0 = R=10gcos20°

Friction is limiting

F = puR = p10gcos20° As the numerical value
R(\_,,) 10gsin20°-F =10a 2 =9.8 has been taken, you
. s - " should give your final
HOgsin20° - ju g cos 20 :Mx(_lﬁ) answer for g, corrected to
- 9.8sin 20°+3.6 —(.7548 4—‘-“""-,, 2 significant figures.
9.8cos 20°

The coefficient of friction between the suitcase and the
ramp is 0.75 (2 s.f).

¢ From A to C To reach the bottom of the ramp,
u=10,v=0,a=-3.6,5=? —— | the suitcase must not stop before
it reaches the lowest point of the

Vi=w t2as ramp C. The limiting case is that

0°=10"+2 x(—3.6) X 8§ the suitcase has zero speed at C
10° . and this is taken to find the
S: 72 1.8 greatest possible length of AC.

The greatest possible length of AC is 14 m (2 s.1.).
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Question:

A slipway for launching boats consists of a rough straight track inclined at an angle ¢ e horizontal. A boat of mass 300 kg
is pulled down the slipway by means of a rope which is parallel to the slipway. When the tension in the rope is 500 N, the boat
moves down the slipway with constant speed.

a Find, to two significant figures, the coefficient of friction between the boat and the slipway.

Later the boat returns to the slipway. It is now pulled up the slipway at constant speed by the rope which is again parallel to the
slipway.

b Give a brief reason why the magnitude of the frictional force is the same as when the boat is pulled down the slope.

¢ Find, to two significant figures, the tension in the r

Solution:
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The weight has
components parallel and
perpendicular to the plane

300g sin 10°

Y 300¢
300 cos10°\10

v

aR(™\) R-300gcosl0°=0 = R=300gcosl0°
Friction is limiting
F = uR = p300g cos10° The boat is moving at a
R(/) 500-+300gsin10°— F =300x0 +— | constant speed and, hence, its

acceleration is zero.
F = pu300g cos10°=3500+300gsin10°
_ 500+ 300gsin10°
300g cos10°

The coefficient of friction between the boat and the
slipway is 0.35 (2 s.f).

=0.349 ...

b The normal reaction (R =300g cos10°) is unchanged

and, hence, the friction force (F = R ) is unchanged.

F is unchanged in magnitude but,
as friction opposes motion, it has
¢ reversed direction and is now
acting down the plane.

300¢ N

R(/") T—-300gsin10°—F =300x0

T=3nngsin|0ﬂ+F<\
=600gsin10°+500 F =500+300gsin10° from

=1521 .. the working in part a.
The tension in the rope is 1500 N (2 s.1f.).
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Question:

A tent peg is driven into soft ground by a blow from a hammer. The tent peg has mass 0.2 kg and the hammer has mass 3 kg. The
hanmer strikes the peg vertically.

Immediately before the impact, the speed of the hammer is 16lntss assumed that, immediately after the impact, the hammer
andthe peg move together vertically downwards.

a Find the common speed of the peg and the hammer immediately after the impact.

Until the peg and hammer come to rest, the resistance exerted by the ground is assumed to be constant and of negtuihsde R
The hammer and peg are brought to rest 0.05 s after the impact.

b Find, to three significant figures, the valueR.

Solution:
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Before After
Hammer| 3 kg llﬁ ms™ P
32 kg ip m S_]

o Jfome N

0.2 kg

1]

Conservation of linear momentum.
Ix16+02x0=3.2xv
.
3.2

The common speed of the peg and the hammer

immediately after the impactis 15ms ',

RN l
32gN
u=15v=0,t=0.05a="?

v=u+at
15

Page2 of 2

After impact, the hammer and
the peg move together. You
model the hammer and peg as a
single particle of mass 3.2 kg

You need to find R
using F = ma. Before
this can be used, you
will need to find the
deceleration of the

-

0=15+ax0.05 = a=———==-300 <
0.05

F=ma
32g-R=3.2x (—3(}{})

R=3.2x300+3.2x9.8=991.36
=991(3 s.f.)

© Pearson Education Ltd 2C
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Question:

A ball is projected vertically upwards with a speed s+ from a powvhigh is 1.5 m above the ground. The ball moves freely
under gravity until it reaches the ground. The greatest height attained by the ball is 25.6 m above A

a Show thati=22.4 .
The ball reaches the grounds@&conds after it has been projected from A.
b Find, to two decimal places, the value of T

The ground is soft and the ball sinks 2.5 cm into the ground before coming to rest. The mass of the ball is 0.6 kg. The ground is
assumed to exert a constant resistive force of magnitudsvions.

¢ Find, to three significant figures, the value of F

d State one physical factor which could be taken into account to make the model used in this question mo

Solution:
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a From A to the greatest height, taking
upwards as positive.
v=0,a=-98,5=256,u="?

v =u®+2as
0° =u® +2x(-9.8)x25.6

1 =2%9 8%25.6 =501.76 The ball reaches the ground at a
u =+501.76 = 22.4, as required. point which is 1.5 m lower than the
: point of projection A. So you must
b u=224,s=-15a=-981=T take ¢ =-1.5.
s=ut +lar3
2
] You can ignore the negative

solution of the quadratic equation.
That would represent a time
before the ball was projected.

-1.5=224T +(-9.8)T"

4.97%-224T-1.5=0
5 224+4./(22.4° —4x4.9%x—1.5)

2x9.8
=4.637 ... =4.64 (3s.1). A5, af the next scapes Yoo
will use the velocity
squared, you need not
. s find the square root of
ams - 531.16. The final
0.6g N velocity of the motion

5 i under gravity becomes
To find the speed of the ball as it reaches the ground. the imitsa] veloeity of the

u=224,5s=-15a=-98,v="? 2 ;

e i g motion as the ball sinks
v =u +2ﬂ.‘.i' = 224- +2X(—9.B)X [—15] = 53 1.]ﬁ 4--"". into the ground_
To find the deceleration as the ball sinks into the grnundf
u’=531.168=05=0025,a="

e ) - *—_______'—————________ -

v =u" +2as = 0°=531.16+2xax0.025 Y ou need to use metres,
531.16 kilograms and seconds
g=——"=-10623.2 consistently, so 2.5 cm must

0.05 be converted to 0.025 m,
F =ma
0.6g - F =0.6x(-10623.2) : =
F=0.6g+0.6x10623.2=6380 (3 s.f.). Tovgas yariabied, a5

resisting forces usually
vary with speed, would

d Consider air resistance during motion under gravity. 4« | 1.0 he a good answer.
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At the greatest height the
speed is zero.

Positive
direction

1.5 m
Y|

GrourF
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Question:

A particle A of mass 0.8 kg, resting on a smooth horizontal table, is connected to a partitledss 0.6 kg, which is 1 m from the
ground, by a light inextensible string passing over a small pulley at the edge of the table. The ganimeeAhan 1 m from the

edge of the table. The system is released from rest with the horizontal part of the string perpendicular to the edge of the table, the
hanging parts vertical and the string taut. Calculate

a the acceleration of A
b the tension in the string,
c the speed of Bvhen it hits the ground,

¢ the time taken foB to reach the grour

Solution:
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a From A to the greatest height, taking
upwards as positive.
v=0,a=-98,5=256,u="?

v =u®+2as
0° =u® +2x(-9.8)x25.6

1 =2%9 8%25.6 =501.76 The ball reaches the ground at a
u =+501.76 = 22.4, as required. point which is 1.5 m lower than the
: point of projection A. So you must
b u=224,s=-15a=-981=T take ¢ =-1.5.
s=ut +lar3
2
] You can ignore the negative

solution of the quadratic equation.
That would represent a time
before the ball was projected.

-1.5=224T +(-9.8)T"

4.97%-224T-1.5=0
5 224+4./(22.4° —4x4.9%x—1.5)

2x9.8
=4.637 ... =4.64 (3s.1). A5, af the next scapes Yoo
will use the velocity
squared, you need not
. s find the square root of
ams - 531.16. The final
0.6g N velocity of the motion

5 i under gravity becomes
To find the speed of the ball as it reaches the ground. the imitsa] veloeity of the

u=224,5s=-15a=-98,v="? 2 ;

e i g motion as the ball sinks
v =u +2ﬂ.‘.i' = 224- +2X(—9.B)X [—15] = 53 1.]ﬁ 4--"". into the ground_
To find the deceleration as the ball sinks into the grnundf
u’=531.168=05=0025,a="

e ) - *—_______'—————________ -

v =u" +2as = 0°=531.16+2xax0.025 Y ou need to use metres,
531.16 kilograms and seconds
g=——"=-10623.2 consistently, so 2.5 cm must

0.05 be converted to 0.025 m,
F =ma
0.6g - F =0.6x(-10623.2) : =
F=0.6g+0.6x10623.2=6380 (3 s.f.). Tovgas yariabied, a5

resisting forces usually
vary with speed, would

d Consider air resistance during motion under gravity. 4« | 1.0 he a good answer.
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At the greatest height the
speed is zero.

Positive
direction

1.5 m
Y|

GrourF
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Question:
P
0.6kg
. - -
AMO.3kg

B 0.5kg

Thefigure shows a block Bf mass 0.6 kg resting on the smooth surface of a horizontal table. Inextensible light strings ctmnect P
blocks Aand Bwhich hang freely over light smooth pulleys placed at opposite parallel edges of the table. The maasd<Bafé\

0.3 kg and 0.5 kg respectively. All portions of the string are taut and perpendicular to their respective edges of the table. The system
is released from rest. Calculate

a the common magnitude of the accelerations of the blocks,

b the tensions in the strin

Solution:
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am
N T, N
= i » —r In this question, there are two
T 0.6¢ N il separate strings; one joining 4 to P
98 and one joining B to P. These will
have different tensions; here
LN 4 labelled T Nand 7, N.
% ams™
0.3g NT t LN The heavier of the
P B two blocks 4 and
ams ‘l — B will fall.
0.5g N
oy 3 equations in 3 unknowns can
R{T] 1-03g=03a ......(1) be difficult to solve but, in this
For P case, if you add the 3 equations
R(—) T,-T, =06a ... ... (2) together the 7, in (1) cancels
For B with the =T} in (2) and the 7,
R(V) 05g-T,=05a ... .. (3) in (2) cancels out with the T,
(1) +(2)+ (3)* / in (3), leaving an equation in a
0.2g=14a alone.
5 0.2x9.8 14
1.4

The common magnitude of the accelerations of
the blocks is 1.4 ms ™.

b Substitute the result of part a into (1)
T,—03g=0.3x1.4
7,=03x14+03x9.8=336 ...(4)
Substitute the result of part a and (4) into (2) +———
T,-3.36=0.6x1.4
7,=336+0.6x14=42

The tension in the string joining A to Pis 3.4 N (2 s.f)).
The tension in the string joining 8 to Pis 4.2 N.

Alternatively, you can find 7, by
substituting for @ in (3).

© Pearson Education Ltd 2C
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Question:

A trailer of mass 600 kg is attached to a car of mass 900 kg by means of a light inextensible tow-bar. The car tows the trailer along a
horizontal road. The resistances to motion of the car and trailer are 300 N and 150 N respectively.

a Given that the acceleration of the car and trailer is 0.4 &) salculate
i the tactive force exerted by the engine of the car,
ii the tension in the tow bar.

b Given that the magnitude of the force in the-bar must not exceed 1650N, calculate the greatest possible deceleration o

Solution:
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The tractive force exerted by
/ the engine of the car has
T T been called P N. This only
R, N N TN LN acts on the car. It does not
Trailer > < Car PN act directly on the trailer.
600 kg 300N | 900ke [ The only force moving the
+ 150N 6002 N < trailer forward is the tension
l lgm}g N in the tow bar.

ams -

%(1) For the whole system When you consider the whole
yama - | System, the tension in the tow
R(—) P-300-150=1500x0.4 bar acting on the truck and the
P =1050 tension in the tow bar acting
The tractive force exerted by the engine of the car on the engine are of equal
is 1050 N. magnitude and in opposite
directions. When you resolve
(i1)For the trailer alone horizontally, the tensions
F =ma cancel out .
R(—) T-150=600x0.4
T=390

The tension in the tow bar is 390 N.

| When decelerating the force

b . . :
!' in the tow bar becomes a
i NT ? thrust. The question gives
Trailer | 1650N i that the greatest magnitude
600 kg by AT —> | ofthe thrust is 1650 N. To
& -+
150N solve part b, you need only
lﬁ{]l}g N l the horizontal forces on the
e trailer.
ams

For the trailer alone

F=ma
R(—) ~1650—150 = 600a The deceleration of the trailer
and the car are the same.
- _1800 ==3 Although the question asks
600 for the deceleration of the car,
The greatest possible deceleration of the car you could not directly find
is 3ms . this, as it would involve an
unknown braking force on the
car.
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Question:

Two particles Aand B of mass 8 kg and 10 kg respectively, are connected by a light inextensible string which passes over a light
smooth pulley PParticle Brests on a smooth horizontal table angts on a smooth plane inclined at’ 3t the horizontal with

the string taut and perpendicular to the line of intersection of the table and the plane as shown in the figure. The system is released
from rest. Find

a the magnitude of the acceleration of B
b the tension in the string,

c the distance covered B in the first two seconds of motion, given tB does not reach the pull

Solution:
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(1) (1) and (2) are a pair of linear
simultaneous equations in 7 and a.
R(I/) 8gsin30°—T =8a The methods you can use to solve

these is essentially the same as you
M+@) . learnt for GCSE. Either elimination
8gsin30°=18a or substitution can be used.
a= 8gsin30° 2

Zg=217
TGN
The magnitude of the acceleration of B . )
is 2.2ms™ (2s.f). sin 30°=—

b  Substitute a = %g into (1)

20 -
F'=—g=21.7
98

The tension in the string is 22 N (2 s.f.).
c u=0,a=—g,t=2,5="7
9 g
| N
s=ul+—at
2

={]+§x4=9'3>{4

=435

The distance covered in the first 2 seconds is
44 m(2s.f).
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Question:

A (3m) B (m)

{(smooth) (rough)

A fixed wedge has two plane faces, each inclined att®0he horizontal. Two particlesadB, of mass 3nand nrespectively,

are attached to the ends of a light inextensible string. Each particle moves on one of the plane faces of the wedge. The string passes
over a smooth light pulley fixed at the top of the wedge. The face on whiabvAs is smooth. The face on whicimBves is rougt

The coefficient of friction between B and this face.i®article Ais held at rest with the string taut. The string lies in the same

vertical plane as lines of greatest slope on each plane face of the wedge, as shown in the figure.

The particles are released from rest and start to move. Partictds downwards and particlen®ves upwards. The acceleration

1
of Aand Beach have magnitudg g.

a By considering the motion of,Aind, in terms of mand g, the tension in the string.
b By considering the motion of, Bind the value of x

¢ Find the resultant force exerted by the string on the pulley, giving its magnitude and d

Solution:
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a Ford F=ma
R 3mgsin30°-T =3mx-- .
{/] mg si mx-tg sin 30°= 1
T=<mg—-=mg=%mg
The tension in the string is $mg.
b ForB
R{/‘) R—mgcosi0®=0 = R=mgcos30°
Friction is limiting mg is common to all 4 terms in this
F = uR = pumg cos 30° equation and can be ‘cancelled’ leaving
R{'\) T—F—-mgsin30°=ma / an equation i 4 alone,

$pf — pr c0s30°— e sin30° = pod

pcoslP=4—1-tL=21 43
3 c0s 30° = — is the exact value and the exact
—=1(.69282 . 2
5c053[]° 243
=0.693 (3 s.f.). answer for u [zT] would be acceptable.

At P, the string exerts two forces, each
of magnitude ¢ mg , on the pulley both
at an angle of 60° to the vertical. By
symmetry, the resultant force acts

| vertically downwards. [ts magnitude
At P can be found by resolving the two

R ( ¢) R =27 cos 60° forces vertically downwards.

=2xtmgxt=%mg

: Z 4 Y |

The resultant force exerted by the string on the c0s60° =3 is the exact value.
pulley has magnitude $mg and acts vertically

downwards.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 56

Question:

’ , B
Lt
s PV A A PV A A A e

Two particles Pand Q of mass 4 kg and 6 kg respectively, are joined by a light inextensible string. Initially the particles are at rest
on a rough horizontal plane with the string taut. The coefficient of friction between each particle and theéplane is . A constant force

of magnitude 40 N is then applied toithe direction PQas shown in the figure.

a Show that the acceleration ofi€1.2 m §2,

b Calculate the tension in the string when the system is moving.
¢ State how you have used the information that the string is inextensible.

After the particles have been moving for 7 s, the string breaks. The partiefedhs under the action of the force of magnitude
40N.

d Show that Reontinues to move for a further 3 seconds.

e Calculate the speed Q at the instant wheP comes to res

Solution:
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F N

4z N

a ForP, R{T) R—-4g=0 = R =4g
Friction is limiting
F=uk =3x4g=ig
ForQ. R(T) R,—6g=0 = R,=6g

When a question asks you to

Friction is limiting show that a quantity has a
F=uR, =3ix6g=L4Lg value — here that the

For the whole system acceleration is 1.2 ms™' - you

R(—) 40-F -F, =10a must get exactly that value

and not approximate during

40-Lg—L2g=10 :
-3 a the calculation.

10a=40-2%x98=12 = a=1.2

The acceleration of @ is 1.2 m s, as required.

b ForP
R(») T-F=4a
T-2$g=4x1.2
T=4x12+2x98=16
The tension in the string is 16 N.

¢ The information that the string is inextensible has been used
in assuming that the accelerations of # and O , and hence of

the whole system, are the same. The final speed for the
; . . part of the motion when
dTo h.nd the speed the particles are travelling at when the the string is taut will be
string breaks. the initial speed of both
u=0,a=12,1=7,v="? / particles after the string
v=u+at=0+12x7=84 breaks.
For P, after the string has broken
N ams” After the string has broken it no
— longer exerts a tension on P . The
P forces acting on P are shown in the

4—\ diagram. The equation obtained by
resolving vertically is unchanged
) and so the normal reaction and the
4g N friction force at P are unchanged.

F N
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R(=) -F=4a > -4g=da = a=-3g
u=84,v=0a=-2g,1=?
v=u+al
AxT
0=8.4-=gt :r:S al S
2x9.8

P continues to move for a further 3 s, as required.

Page3 of 3

R, N

ams™
—>

40N o ———

F, N
bg N

After the string has broken it no
longer exerts a tension on Q . The
forces acting on Q are shown in the
diagram. The equation obtained by
resolving vertically is unchanged
and so the normal reaction and the
friction force at Q are unchanged.

For O, after the string has broken.
R(—) 40-F,=6a

0-Lg=06a
6a=40-%x9.8=23.2

. g s
a=—h3'2 =E=3.86 &
6 15
u:B.-’-Lu:E,r:lv:?
15

P came to rest 3 seconds after the string
had broken. 5o you have been asked to
find the speed of Q after these 3 seconds.
First you need to find acceleration of 0.
As P is not now attached to Q, O will
accelerate more quickly.

V=i +m’=3.4+%x3 =20

The speed of Q at the instant when P comes to
restis 20ms™',

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 57

Question:

C

A fixed wedge whose smooth faces are inclineg’at 7énd  to the horizontal has a small smooth pulley fixed on the tap edge at B
A light inextensible string, passing over the pulley, has particesd?Qof mass 2 kg and 3 kg respectively attached at its ends. The
figure shows a vertical cross-section of the wedge wheran@BACare lines of greatest slope of the faces along whighdPQ

respectively can slide. The particles are released from rest attime with the string taut. AssumihgghaitPeached &d

that Qhas not reached, @nd

a the distance through which each particle has moved wherrs s ,
b the tension in the string,
¢ the magnitude and direction of the resultant force exerted on the pulley by the string.

Whent = 0.75 s the string breaks and in the subsequent motion P come to instantaneous rest at time . Assurhasyribat P
reachecB, d calculatet.

Solution:
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a For P

R{/’] T-2gsin30°=2qg ... ... (1) (1) and (2) are a pair of linear
oty > simultaneous equations. You need to

R(™) 3gsin70°-T=3a ... ... (2)

(1) +(2)

3gsin70°-2gsin 30° =5a

Y= 3gsin70°-2gsin30°
- 5

u=0a=3565..,t=0.75s5="

1l ...
s =nt+—=at”
2

:ﬂ+—;~x3.565 .. x0.75° =1.002 ...

The distance the particles have moved is
1.0m (2 s.f.).

b From(l)
T=2gsin30°+2a
=2g8in30°+2x3.565 ... =16.93 ...
The tension in the string is 17 N (2 s.f.).

c B

solve them for a to solve part a. You
need to solve them for T in part b.

=3.565392 ...

You need the value of @ several times in the
question and it is sensible to store this value
of @ in your calculator so you can recall it
when needed.

4
-

T'N f
TN

R=2Tcosd40°=2x1693 ... xcos40° =

At B, the string exerts two forces, each
of magnitude 7. The resultant force
bisects the angle 4BC, which is 80°, Its
magnitude can be found by resolving the
two forces along the diagonal of the
rhombus.

23,939 ..,

The resultant force exerted on the pulley by the string

has magnitude 26 N (2 s.f.), and acts in

the direction bisecting £ABC , as shown in the diagram

above.
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d To find the speed of P immediately before -
the string breaks The final speed for the part of the

u=0,1=075a=3.565..,v=" motion when the string is taut will
v=wrat=04075x3565=2.674 4+— | be the initial speed of P afier the
E 3 : string breaks.

For P, after the string breaks

+

& M S
RN j

; After the string has broken, the
R{/) —2gsin30°=2a only force acting on P in the
I e = direction parallel to the plane is the

; |
a=-gsin30°= _53 component of the weight acting

down the plane.

n=2674 7..,v=ﬂ,a=-7}g,r=!,

v=u+dal
I : I
0=2.674 ... ——gt sin30° = —
e L
i
fasBe I e ey
9.8
=0.55(2s.f).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 58

Question:

A car of total mass 1200 kg is moving along a straight horizontal road at a speed $f , when the driver makes an emergency
stop. When the brakes are fully applied, they exert a constant force and the car comes to rest after travelling a distance of 80 m. The
resistance to motion from all factors other than the brakes is assumed to be constant and of magnitude 500 N.

a Find the magnitude of the force by the brakes when fully applied.

A trailer, with no brakes, is now attached to the car by means of a tow-bar. The mass of the trailer is 600 kg, and when the trailer is
moving, it experiences a constant resistance to motion of magnitude 420 N. The tow-bar may be assumed to be a light rigid rod
which remains parallel to the road during motion. The car and the trailer come to a straight hill, inclined ats&an angle to the

horizontal, wheraina = ﬁ . They move together down the hill. The driver again makes an emergency stop, the brakes applying the
same force as when the car was moving along level ground.

b Find the deceleration of the car and the trailer when the brakes are fully applied.
¢ Find the magnitude of the force exerted on the car by the trailer when the brakes are fully applied.

d Find the maximum speed at which the car and trailer should travel down the hill to ensure that, when the brakes are fully applied,
they can stop within 801

Solution:
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The force exerted by the brakes is
labelled as B N in this diagram.

a T RN
BN Car ams”
1200ke [
%

500 N lllﬂﬂg N

=40,v=0,5=80,a="
v =u’ +2as
0% =40% +2xax80

40°

2x80

=-10

a=-

F=ma
R(—) =B-500=1200x(-10)
B=12000-500=11500

During braking both the braking
force and the resistance act to slow
the car down.

To find the braking force, you will have
to use F =ma and so the first step in
the question is to find the deceleration.

The magnitude of the force exerted by the brakes

is 11500 N .

Trailer Fine

T~

420 N

Under braking, the force in
the tow bar is a thrust and
acts outwards in the
directions shown in the
diagram. When Newton’s
second law is applied to the
whole system, the forces at
the ends of the tow bar are of

1200g N *

For the car and the trailer

R(D )

equal magnitude and in
opposite directions and so
they cancel one another out.

1200g sina@ +600gsina —500-420-113500 =1800a

‘\_Y_}LY_}

t X

Components of Resistances Braking Total Mass

weight

|3Uﬂx9.8xli“|2 420 =1800a

1260-12 420 =1800a

g Ol Lo
1800

The deceleration of the car and the trailer

is 6.2ms ™.

PhysicsAndMathsTutor.com

force

. . 1
You are given that sin« :ﬁand you

should use that exact value here. It is not
necessary to use your calculator to find a
value fore . Any such value would only be
approximate and would lead to inaccuracy.
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é Far the dicalons The trailer exerts a force on the
R[ ) / car through the thrust in the tow
i bar. That thrust acts down the
T+1200gsina—500-11500=1200q plane in the same direction as
1 the component of the weight.
T =1200x%(-6.2)—1200x ';3‘.8xﬁ +500+11500 The braking force and the
- 3720 resistance act up the plane

The magnitude of the force exerted on the car by the
trailer is 3700 N (2 s.10).

d  a=-62,v=05=80,u=? If the car and trailer
v =u® +2as were travelling at a
0° =1’ +2x(-6.2)x80 slower speed, they

2 could stop in less than
W =2x6.2x80 =992 / i
u=v992=31.496 ...
The maximum speed at which the car and trailer should

travel down the hill to ensure that, when the brakes are fully
applied, they can stop within 80 mis 31 ms™' (2 s.f).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 59

Question:

Thefigure above shows a lorry of mass 1600 kg towing a car of mass 900 kg along a straight horizontal road. The two vehicles are
joined by a light tow-bar which is at an angle ©5°  to the road. The lorry and the car experience constant resistances to motion of
magnitude 600 N and 300 N respectively. The lorry’s engine produces a constant horizontal force on the lorry of magnitude 1500 N.
Find

a the acceleration of the lorry and the car,
b the tension in the tow-bar.

When the speed of the vehicles in st | the tow-bar breaks. Assuming that the resistance to the motion of the car remains of
constant magnitude 300 N,

c find the distance moved by the car from the moment the tow-bar breaks to the moment when the car comes to rest.

d State whether, when the tow-bar breaks, the normal reaction of the road on the car is increased, decreased or remains constant.
Give a reason for your answ

Solution:
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ams. RN
& NT TN — T
Car TN Lorry 1500 N
15% —_—
90ke ot 1600 kg
. -4 i
When vou consider the whole
300 N lqun N 600 N Y o/
o l' 600g N system, the tension in the tow

bar acting on the car and tension

. For the lomy and the car R in the tow bar acting on the lorry
R(—) 1500-600-300 =2500a are of equal magnitude and in
~ 600 opposite directions. When you

w= 2500 D24 resolve in any direction for the

The acceleration of the lorry and the caris 0.24 ms ™. valigleSystem; s ferisians
cancel each other out .

b For the car alone
F=ma
R(—) Tcos15°-300=900x0.24

900 0.24 + 300
g 2N BRF I - o 30 e
cosl5®

The tension in the tow bar is 530 N (2 s.f).

¢ RN T .
aims
Car 3
) 900 ke
300 N lt}uu g N

After the tow bar breaks, the only force

acting on the car in the horizontal direction is
After the tow bar breakes, for the car the constant resistance to motion.

R(—) -300=900a = a=—~
3

u=ﬁ.v=0,u=~-‘-,s=?
3

Vo= +2as

0’ =ﬁ2—2xlxs
3

PhysicsAndMathsTutor.com
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5=-§-x36=54
2

The distance moved by the car from the moment the
tow bar breaks to the moment when the car comes to
rest is 54 m.

d After the tow bar has broken, in part ¢, R (T]
R=900g.
Before the tow bar has broken, in part a,
R(T) for car

R +Tsin15°-900g =0 = R, =900g -Tsin15° <900g

So the normal reaction of the road on the car is increased
when the tow bar breaks.

© Pearson Education Ltd 2C
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It is a common error to
omit the vertical
component of the tension
here. That would lead to
the incorrect conclusion
that the normal reaction
is unchanged.
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Exercise A, Question 1

Question:

QN

A particle of weight 24 N is held in equilibrium by two light inextensible strings. One string is horizontal. The other string is
at an angle of 30° to the horizontal, as shown. The tension in the horizontal stringugd@s and the tension in the other string is P
newtons. Find

athe value of P

b the value 0Q.

Solution:
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a
PN
Draw a diagram, showing the
/ welgh[ as well as the tensions in the
. strings.
_—p (30
W
24N
R(T)
) Resolve vertically first, as there is only
Psin30 -24=0 / one unknown in the resulting equation.
_ 24
sin 30
= 48
b R(—) / Then  resolve  horizontally  and
Pcos30 —Q = 0 substitute the value of P, found in a.
CoA48cos30 —-Q = 0
Q@ = 48c0s30° 4 Give your answer to 3 s.1.
= 41.6 (3s.f)

Alternative solution using triangle of forces 4+— | This is another method of solving
problems involving equilibrium under
3 forces.

\

i You can draw a triangle with sides
representing each of the three forces,
From the triangle 2
a h Use trigonometry of the triangle to find
sin30 = 24 P and to find Q.
P
&P = = 24
sin 30
= 48
b
tan30 = ~
Q
24
= =41.6 (3s.f.
0 tan 30 e

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 2

Question:

e o N

A paticle P, of mass 2 kg, is attached to one end of a light string, the other end of which is attached to a fixedlpeipa@icle
is held in equilibrium, with OFhorizontal, by a force of magnitude 30 N applied at an angle to the horizontal, as shown.

a Find, to the nearest degree, the value of .

b Find, in N to 3 significant figures, the magnitude of the tension in the

Solution:
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a Let required tension be T'N.

Draw a diagram, showing the weight
2 N as well as the force 30 N and the
tension T'N.

o
R(T)
I0sine-2g=0 o
Resolve vertically first, as there is only
2¢ one unknown in the resulting equation.
ssing = —
30
= ().653 ” ) :
[ ‘_________’__-—-——--‘—"__" Find arcsin 0.653°.
b R(—)
30cosa~-T=0 < Resolve horizontally and substitute the
value of @ found in part a.
AT = 30cosa
= 227
Tension is 227N (3s.f.). < Give your answer to 3 s.f.

Alternative solution using triangle of forces

&

You can draw a triangle with sides
representing each of the three forces.

30
" 20

-

PhysicsAndMathsTutor.com
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a From the trniangle

2g
30

= 0.653 / Use trigonometry of the triangle to find
sa = 408 =41 o

30° =Q2g)+T?

~.T7 =900-384.16 Use Pythagoras' Theorem to find 7.
=515.84 /
s =3220N

© Pearson Education Ltd 2C
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Exercise A, Question 3

Question:

A body of mass 5 kg is held in equilibrium under gravity by two inextensible light ropes. One rope is horizontal, the other is at an
anglea to the horizontal, as shown. The tension in the rope incliaed at to the horizontal is 72 N. Find

athe angle: , giving your answer to the nearest degree,

b the tensiorT in the horizontal rope, giving your answer to the neare

Solution:
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Draw a diagram, showing the weight
5th g N as well as the forces 72 N and

Y

T.
T
R(T) * Resolve vertically first as there is only
one unknown in the resulting equation.
72sina—5g = 0
. sin o - 28
72
= 0.6803
L = 429 “— | Find arcsin 0.6805.
= 43
b B -— Resolve horizontally and substitute the
value of @ found in a.
T=T72cosa=0
B = T2cosa
=52.8 = —
s st
tension =53N(2s.f) — h:[;tsmsuur o

PhysicsAndMathsTutor.com
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Alternative solution using triangle of forces

You can draw a triangle with sides
representing each of the three forces.

From the triangle
a

sina = 28
2 Use trigonometry of the triangle to find
= 0.6805 e and to find 7.
s = 42,9 (3s.f)
b
i
cosay =—
72
-.T  =T2cosa
=53N(2 s.f)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 4

Question:

0

A paticle Pis attached to one end of a light inextensible string. The other end of the string is attached to a fixed\point O
horizontal force of magnitude 12 N is applied toTRe particle Rs in equilibrium with the string taut and QRaking an angle of
20° with the downward vertical, as shown. Find

a the tension in the string,

b the weight oP.

Solution:
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a
o
T « Draw a diagram, showing the tension T
in the string and the weight mg of the
) CN— particle.
12N
b
mg

Let T be the tension in the string, and let mg be the weight of P.

R(=) + Resolve horizontally first as there is
only one unknown in the resulting
Tsin20'-12=0 equation.
S 12
sin 20
= 351

Tension in the string =35.1N (3sf) *+—m Give your answer to 3 s.f.

b R(M —
Then resolve vertically and substitute
the value of T found in a.
Teos20 —mg = 0
S35 0cos20 = mg
.. weight = 33.0N(3s.f) Give your answer to 3 s.f.

Alternative solution using triangle of forces

You can draw a triangle with sides
representing each of the three forces.

mg -~

12
. . 12
a From the triangle: sin 20 =-T-
12 : Use trigonometry of the triangle
& = = -+ =
S sin 20 IR to find 7 and to find mg.
b
cos200 = &
T
comg = 35.1cos20 =33.0 (3s.f)

PhysicsAndMathsTutor.com
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2 Review Exercise
Exercise A, Question 5

Question:

40N
TN

[ 60N\g20°)

A paticle Pis held in equilibrium under gravity by two light, inextensible strings. One string is inclined at an angle of 60° to the
horizontal and has a tension of 40 N. The other string is inclined at an angle of 40° to the horizontal and has a tewesidonsf T
as shown. Find, to three significant figures,

athe value of T

b the weight oP.

Solution:
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a  Let the weight of P be mg N.

Draw a diagram showing the tension T in
Tt / the string and the weight mg of the particle.

,
407

'

R{—) Resolve horizontally first as there is only

one unknown in the resulting equation.

Tcosd) —40cos6d =0

T o= 40cos 60"
- cos 40’
= 26.1(3s.f) «— | Give your answer to 3 s.f.
b R(T)
40sin 60" + Tsin 40" — mg — ( < | Then resolve vertically and substitute the
- 40sin60° +26.15in40" ~mg = 0 VANBIL IO 1A,

40sin 60" + 26.1sin 40"

‘,_,,-"’f Give your answer to 3 s.f.
514 (3s.f)

c.mg

Alternative solution using triangle of forces
This is not a right-angled triangle so use the sine rule.

You can draw a triangle with sides
/ representing each of the three forces.

‘\‘\__ Calculate the angles in the triangle using
90" - 60" = 30;90° —40° =50

and angles of a triangle add up to 180" to
give 100 as the third angle.

mg*y

T nmeg 40

sin 30° B sin 100" B sin 50°
S DDA e
sin 50 ;
Use the sine rule to find T and mg.
40sin 100° "
me = ———————=514(3s.1)
' sin 50"

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 6

Question:

A C

¥
6N

A smooth bead Bs threaded on a light inextensible string. The ends of the string are attached to two fixed aothtSoh the
same horizontal level. The bead is held in equilibrium by a horizontal force of magnitude 6 N acting paralldle B€ad Bs

3
vertically below Cand « BAC = o, as shown in the diagram. Given that tan ¢, find

athe tension in the string,

b the weight of the bee

Solution:
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Draw a diagram showing the forces
on the bead.
The tension in both parts of the string
is the same.

Let the tension in the string be TN and let the weight of the bead be W' N.

R(—) “
6-Tcosa=10
57 o O
COS (v
4 /
Astana = —, cosa =—
5
.'.T=E}+i=?‘5
5
b R(T)

T+Tsinag-W=0

A

As tana=1.sina =£
4 5

?.5+T,5x§—W=[}
SW=12

© Pearson Education Ltd 2C
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Resolve horizontally first as there is
only one unknown in the resulting
equation.

Use this triangle to find

cosa and sin g
4

- :{7&

5%, 3

Resolve vertically and
substitute the value of T found
in part a.
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2 Review Exercise
Exercise A, Question 7

Question:

C{(3m)

Two small rings, Aand B each of mass 2mare threaded on a rough horizontal pole. The coefficient of friction between each ring
and the pole is x. The rings are attached to the ends of a light inextensible string. A smogtfrimgs3 3mis threaded on the
string and hangs in equilibrium below the pole. The ringméBare in limiting equilibrium on the pole, with

3
< BAC = £ ABC =¢, where ta¥ = 7, as shown in the diagram.

5
a Show that the tension in the stringjsng.

b Find the value ou.

Solution:
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4 Show all the forces acting on A, B
and C.
The normal reactions R and the
friction forces F will be the same at 4
as at B by symmetry.
3mg
a Consider the forces acting on the ring C. ¢——— [ Consider ring C first as there is only
R(T) one unknown force at C.
2Tsinf@-3mg=0
_ 3mg
2sind As tanﬁ=z,use3,4,5
— 3 g = 3 =] 4 "
As tan ¢ = Pl 0= r triangle to find sin @ and cos6.
i
T = ﬂg
2x= #
) /
< 5 me Fall -
2

b Consider the forces actingonthering 4, «——
You could consider ring A or ring B.

R(=)
Tcos@-F=0 — -
Smg 4 ‘—_______,__———--—" Use the value of T given from part a
7 Xxo=2mg to find F.
2 5
R(T)
R—2mg—Tsinfl = «— | Use the value of T'to find R.
_'_R=2mg+5mgxi _ Img

5 2

The ring 4 is in limiting equilibrium -—
S

You were told that friction was
1R limiting at A and B.

]

1 mg

.'.ng = px

2 / Give g as a fraction as this is an
R 1 = i exact answer.
7

© Pearson Education Ltd 2C
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Exercise A, Question 8

Question:

A paticle of weight Whewtons is attached att@ the ends of two light inextensible strings &&l BC The other ends of the strings
are attached to two fixed pointsafdd Bon a horizontal ceiling. The particle hangs in equilibrium witha®d BCinclined to the
horizontal at 30° and 60° respectively, as shown. Given the tensionign\58N, calculate

a the tension in BCto three significant figures,

b the value oW.

Solution:
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A B
X / Draw a diagram showing the three
* VAL / forces acting on the particle.

a Let the tension in the string 8C be T'N.
‘—_/___’___,_’-—4 Resolve horizontally first, as there is
R(—) only one unknown in the resulting

Tcos60 —50cos30 =0 equation.

50cos30

cos 60 / Give your answer to 3 s.f.
86.6 (3 s.1)
b R(T)

508in30 +Tsin6l) =W =0

Resolve vertically and substitute the
value of T found in part a.

~W =50sin30"+Tsin60°
= 50sin30° +86.6sin 60
~ 100

Calculate the angles of the triangle
using 90 -60 =30,90 —30 =60
and angles of a triangle add up to
180" to give 90" as the third angle.

From the triangle ) -
Use trigonometry of the right angled

T triangle to find 7 and W.

tan60 = —
50

ST = 50tan60 =86.6(3s.f)

cos60 = L
W

woo= =2 =100
cos 60

© Pearson Education Ltd 2C
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Exercise A, Question 9

Question:

i1

14°)

A small box of mass 20 kg rests on a rough horizontal floor. The coefficient of friction between the box and the floor is 0.25. A light
inextensible rope is tied to the box and pulled with a force of magnitude P newtons at 14° to the horizontal as shown in the diagram.
Given that the box is on the point of sliding, find the value of P, giving your answer to 1 decimi

Solution:
R - P
N : :

/-/ == e Draw a diagram showing the normal
F € A1 reaction R, the friction force F and
T the weight 20g.
W
20g
R(T)

R+Psinld —20g=0

(1)
R(—) The box i1s on the point of sliding and so the
friction is limiting.
Pcosld —F=0 (2)

As friction is limiting
F=025R

(3)
Eliminate F and then eliminate R from the
Substituting F =0.25 R {,“V simultaneous equations to find P.
0.25 R= Pcosl4

From equation (1)
R=20g-Psinl4 / Collect the terms in P together and factorise.

02520 g —-Psinld )= Pcosl4

S.5g = Pleosl4d +0.25sin14)
P = o8 / Make P the subject of the formula.
cosl4 +0.25sin14
= 475 (1d.p)

© Pearson Education Ltd 2C
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Exercise A, Question 10

Question:

A smooth plane is inclined at an angle 10° to the horizontal. A partiofenfass 2 kg is held in equilibrium on the plane by a
horizontal force of magnitude kewtons, as shown.

Find, to three significant figures,
a the normal reaction exerted by the plane on P

b the value oF.

Solution:
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Show the normal reaction and the weight 2g.
There is no friction as the plane is smooth.

Resolving vertically eliminates force F and
the equation has one unknown R.

R
K
\\ - ‘___-_________.--'-_'_'
_f} }_‘__.--‘f
__,.---"'---)Iv
10 2N
a R e
Rcosl0) -2g=0
R = =2
cosl0
= 199N (3s.f)
b R(D
F = Rsinl0 =0
S F = Rsinl0

3.46 (3 s.0)
Alternative method

b Resolve along the plane —
Fcosl(h =2 gsinl0 =0

2 gsinl0
cosl0
3.46 (3s.f)

b

i

a Resolve perpendicular to the plane
R —Fsinl0) —2 gcosl0 =0
SR =Fsml0 +2 gcosl0

=19.9 (3 s.f) -

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Substitute the value of R found in a.

Resolving along the plane gives an equation
in one unknown F.

This is answer to b.

Substitute the value of F to find R.

This is answer to a.
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Exercise A, Question 11

Question:

50°)

A paticle P of mass 2.5 kg rests in equilibrium on a rough plane under the action of a force of magmitwdtens acting up a line
of greatest slope of the plane, as shown in the diagram. The plane is inclined at 20° to the horizontal. The coefficient of friction
between Rand the plane is 0.4. The patrticle is in limiting equilibrium and is on the point of moving up the plane. Calculate

a the normal reaction of the plane on P
b the value of X
The force of magnitude Xewtons is now removed.

¢ Show thaP remains in equilibrium on the plai

Solution:
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a
RN
X fjj{/' Draw a diagram showing the normal reaction
ny = / R N, the friction force down the plane F' N
fV and the weight 2 mg.
e o -
<5 25g
R(\) :
g Resolve perpendicular to the plane first, as R
R — 25gco0s20 =0 is the only unknown in the resulting
SR = 25gcos20 SRR
= 23(2s.f)
Give your answer to 2 s.f, as you used
The normal reaction is 23 N. g = 9.8 in your calculation.
b R()
X - F-25gsin20 =0 Resolve parallel to the plane to find X in
' terms of F.
“X = F+25gsin20 = -
As friction is limiting,
F = uR -«— Use limiting friction and the value of R from
ie.F = 04R part a to find the force F N.
and as R=23.0, F=9.21
substitute into equation #
2. X=176 “ Then X may be calculated. Again give X
=18(2s.f) b2

¢ The force X is removed and the friction force will now act up the plane.

R
.\ \,'
..,,«;fﬁ/
X,/'” + - Draw a new diagram with F acting up the
~ v lane.
.,-ﬁ"_?’a/ 25¢g d
R()

For EqUi“b}‘iU“" Find the value of F which would maintain
F-25gsin20 iﬂ/,/ equilibrium.

R(™\)
R-2.5gcos20 =0, as before

Check to see whether F < uR.
Use 3 s.f. in your calculation.

B 23.0

iR 0.4%23.0=9.21
This shows that F < uR , so the friction is‘y It is not possible for F' > uR.
limiting, and equilibrium is maintained. If < R equilibrium is maintained.

]
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2 Review Exercise
Exercise A, Question 12

Question:

DDIII|

A pacel of weight 10 N lies on a rough plane inclined at an angle of 30° to the horizontal. A horizontal force of magnitude P
newtons acts on the parcel, as shown. The parcel is in equilibrium and on the point of slipping up the plane. The normal reaction of
the plane on the parcel is 18 N. The coefficient of friction between the parcel and the plane is . Find

athe value of P
b the value of: .
The horizontal force is removed.

¢ Determine whether or not the parcel mo

Solution:
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Draw a diagram showing the weight, the
normal reaction and the friction force F.

F acts down the plane as the parcel is on the
point of slipping up the plane.

18N
P\. jﬂj’x
> e
-
: f_{ﬁ 10N B ‘\
a R(N\)

s i ‘_——————'_'____-
18=10cos30 —Psin30 =0
S Psin30 =18-10cos30

18 —10cos30

sin 30
18.68 (4s.1)

18.7 (3s.1)

b R(")
Pcos30 = F—=10sin30 =0

e el

= Pcos30 =10sin30
=]11.2
As the friction is limiting,

bt o

F R
11.2

18
0.62 (2 s.f)

o

P 1s now removed.

c

The friction now acts up the plane and the
normal reaction be R.

R()

PhysicsAndMathsTutor.com

Resolve perpendicular to the plane and make
P the subject of the equation.

Answer is given to 3 s.f. as g 1s not used in
the calculation.

Resolve along the plane to find F.

Use u =% and give your answer to 2 s.f.

Draw a new diagram.

F now acts up the plane as any motion would
be down the plane.

normal reaction will be different. Let the
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If equilibrium is maintained

Find the force F which would maintain

F—10sin30 = 0 equilibrium.

mF = 10sin 30
=5

£

R(™\)

R—10cos30 = 0 Find the normal reaction force R and use the
— 10cos30 value of g found in part b to calculate pR .

= 8.66

\

Sl

The value of g 1s unchanged

[}

c R 0.599 % 8.66
5.19(3s.f)
as I < pR, equilibrium is maintained,

and the parcel does not move

Check that F<uR. As F<uR the
equilibrium is not limiting.

\
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Exercise A, Question 13

Question:

1.2N

407
L

A small ring of mass 0.25 kg is threaded on a fixed rough horizontal rod. The ring is pulled upwards by a light string which
angle 40° with the horizontal, as shown. The string and the rod are in the same vertical plane. The tension in the string is 1.2 N and
the coefficient of friction between the ring and the rod i&jven that the ring is in limiting equilibrium, find

a the normal reaction between the ring and the rod,

b the value ou.

Solution:
//
12N/ ; . ; :
5 = Draw a diagram showing the forces acting on the
7t / ring. Include the weight 0.25g, the normal
i - reaction R and the friction force F.
F<—W¥)
0.25¢
a R(M
R+1.2s5in40 -025¢g=0
Resolve vertically first as R is the only unknown
SR = 025g-1 ,ZSini/ force in the resulting equation.
= 1.68
.. Normal reaction 1s 1.7N(2 s.f) Give answer to 2 s.f. as g = 9.8 has been used in
the calculation.
b R(—
=) / Then resolve horizontally to find F.
1.2cos40 —F =0
F =0919
as the ring is on limiting equilibrium F = uR
Sife=0-048 ) “ Use F=uR to find ,f:=£. Give final answer
=0.55(2s.f) R

to 2 s.f. but use values of F and K to 3 s.f in
calculation of 1.

© Pearson Education Ltd 2C
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Exercise A, Question 14

Question:

Thediagram shows a boatd® mass 400 kg held at rest on a slipway by a rope. The boat is modelled as a particle and the slipway as
a rough plane inclined at 15° to the horizontal. The coefficient of friction betwaed Bie slipway is 0.2. The rope is modelled

light, inextensible string, parallel to a line of greatest slope of the plane. The boat is in equilibrium and on the point of sliding down
the slipway.

a Calculate the tension in the rope.
The boat is 50 m from the bottom of the slipway. The rope is detached from the boat and the boat slides down the slipway.

b Calculate the time taken for the boat to slide to the bottom of the sl

Solution:
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Draw a diagram showing the forces acting.

The friction acts up the plane, as the
motion would be down the plane.

Let T be the tension, F the friction and R the normal reaction.

a R(N)
R—=400 gcosls =10
o 4 = 400 gcosl5
= 3786

As friction is limiting, F = uR

8

DRI o
757

R()
+ o 4,__-—-—'-'-'_—-_--‘
T+F-400gsinl5 =0

o T =400gsinl5 — F
=257.3=257 (3s.f)) or 260(2s.f))

b  When the rope is detached, the resultant

force is 257 N acting down the Pla”i,__-—-“ The forces were in equilibrium, when T is

Using Newton's Second Law F = ma

First find force R.

Use F = uR to find F.

Then resolve along the plane to find 7.

removed the resultant force is equal and
opposite to T.

257 = 400 a . . =
Find the constant acceleration a, then use one of
= 257 = the constant acceleration formulae to find «.
T 0.643

PhysicsAndMathsTutor.com
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Consider the motion down the plane.
u=0,a=0.643,5=50,1="

Use
] / Choose this equation as it relates u, a, s and 1.
5 = ut+—at’
2

50 = G+%x{}.643f
i 250 Make ° the subject of the equation, then square
T 0683 root to obtain 1.
= 1558.5...
sto= 125((3sf)ort=12 (1s.f)

Time to slide down is 12.5 s.

© Pearson Education Ltd 2C
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Exercise A, Question 15

Question:

60°

A heavy package is held in equilibrium on a slope by a rope. The package is attached to one end of the rope, the other end being held
by a man standing at the top of the slope. The package is modelled as a particle of mass 20 kg. The slope is modelled as a rough
plane inclined at 60° to the horizontal and the rope as a light inextensible string. The string is assumed to be parallel to a line of
greatest slope of the plane, as shown in the diagram. At the contact between the package and the slope, the coefficient of friction is
0.4.

a Find the minimum tension in the rope for the package to stay in equilibrium on the slope.

The man now pulls the package up the slope. Given that the package moves at constant speed,
b find the tension in the rope.

¢ State how you have used, in your answer to pattebfact that the package moves

i up the slope,

ii at constant spee

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 3

Draw a diagram, showing the forces acting.

The friction is directed up the plane to prevent
slipping down the plane.

Let T be the minimum tension, F the force
of friction and R the normal reaction.

R()
: N | Resolve perpendicular to the plane first as the
R - 20gcos6l) =0 ; ;
resulting equation has only one unknown.
R =20 gcos6l
=08

As the friction is limiting, F = uR.

T e ST

W F = When the tension is a minimum the friction is
= 392 limiting.
R(\)
TH+F — 20gsin60 =0 Resolve along the plane and substitute
; the value for F. ive T,
s =20 gsin60 — F e value for £/, to give
=130.5

Tension=131N(3s.F) or I30N (2 s.f.)

Draw a new diagram with F directed down the
plane.

PhysicsAndMathsTutor.com
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R()
R =98 as before

As the “particle’ is moving, friction is limiting,
so F=39.2 as before. -« Use F = uR with 4 and R the same as in part a.

R(™)
T-F-20gsin60 =0
ST =39.2+20 gsin60

N.B. for 131<T <209 the package is in

Tension = 209 N (3s.£.) or 210N (2s.1) equilibrium.

c T -

i friction acts down the slope and has / Friction opposes motion.
magnitude 0.4 R

ii there is no acceleration so the net force

. This is a result of Newton's First and Second
on the package is zero

Laws.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 16

Question:

A paticle P of mass 0.5 kg is on a rough plane inclined at an angle to the horizontal,tamhe#gf— . The particle is held at rest on

the plane by the action of a force of magnitude 4 N acting up the plane in a direction parallel to a line of greatest slope of the plane,
as shown. The patrticle is on the point of slipping up the plane.

a Find the coefficient of friction betweendnd the plane.
The force of magnitude 4 N is removed.

b Find the acceleration P down the plan

Solution:
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w , : .
\p y / Draw a diagram showing the forces acting on P.

4 Friction acts down the plane to oppose slipping
up the plane.

a Let the normal reaction be R N, and the friction be F N.

R(™\)
R = 05gcosa =0 « Find R by resolving perpendicular to the plane.
SR =0.5 gxi
5
=3.92(3s.f)
R()
4 — F-05gsina =0 Find F by resolving parallel to the plane.
o =4-05gsinn
=1.06 (3s.1))
Use F = puR, as the friction is limiting.
Y a0 " — | As the icle i ' ippi
. R 302 particle is on the point of slipping,

F=uR.
s = 0270 (3s.5) #

b The force of 4 N is removed.

The friction will now act up the plane

Friction acts up the plane, in the opposite
direction to the motion.

The forces perpendicular to the plane are
As before: R =3.92 and unaltered and so R is unchanged.

F = uR
= 1.06

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page3 of 3

Also ¢ and therefore F are unchanged.
R{/I] / i g
0.5gsina-F=05a v\

La = [D.ng%—l.ﬂﬁ]+ﬂ.5

use Newton's Second Law along the plane
F=ma.

'\

= 3.76 (3s.f) Rearrange the equation to find a.

. Acceleration is 3.76 m s (3 s.f.) down the plane
or 3.8ms (2s.f).

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 17

Question:

PN

20°

A box of mass 30 kg is being pulled along rough horizontal ground at a constant speed using a rope. The rope makes an angle of 20°
with the ground, as shown. The coefficient of friction between the box and the ground is 0.4. The box is modelled as a particle and
the rope as a light, inextensible string. The tension in the ropaasvidns.

a Find the value of P
The tension in the rope is now increased to 150 N.

b Find the acceleration of the b

Solution:
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Draw a diagram showing the forces acting on the
box.

30g

As the box is moving F=puR,___—— The friction is limiting.

ie. F=04R (1)

4

R(T) Resolve vertically and horizontally to give two
equations.

R + Psin20 -30¢

0

SR = 30g-Psin200  (2)
R(—) ) : 7
- As the speed 1s constant, the resultant force 1s
Pcos20)'-F =0 (3) ——
S F=Peoos20 (3)

Substitute R from equation (2) and F from equation (3) into equation (1).
Then Pcos20 =0.4(30 g—Psin20)

SoPeos20 +04 Psin20 = 04x30¢g
SoP(cos20 +0.4s5in20) = 04x30g

o = 12g
W (cos20 +0.4sin20°)
= 125.3 «—— | Solve simultaneous equations to find
= 125(3s.f) or 130(2s.£) the value of P.
b
a
- 150 N
R / Draw a new diagram.
Fe—)20°
y
dog
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Again F=04R

R(T)
R+150sin20 =302=10

R = 30g- lﬂﬂsinV Resolve vertically to find R.
= 2427

AsF = 04R
£ =l i Use limiting equilibrium to find F.
R(=)

150cos20"-97.1=30a

.30a = 43.88 — Use Newton's Second Law F =ma along the
ie.a = 146 plane.

. acceleration of the box is 1.46 ms™
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PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 18

Question:

A C g
A

A uniform rod ABhas length 8 m and mass 12 kg. A particle of mass 8 kg is attached to the rod at B. The rod is supported at a point C and

is in equilibrium in a horizontal position, as shown.

Find the length oAC.

Solution:
i 4m e — d4am =
¢ xm R / Draw a diagram showing weights and distances.
5 @
A T At B
b b
12g &g

Let the length AC=x m.
Let G be the mid-point of 4B.

«— | You will need these distances in the moments

(x—4)m equation.
(8—x)m. ¢

The distance GC
The distance BC
As the beam is uniform the weight 12g acts through G.

Il

Take moments about C.

Anticlockwise moment =
12g(x—4)

Use moment = force = distance .

A

Clockwise moment =
8 (8- x)

~12g(x-4) = 8g(8-x) «— Use anticlockwise moment = clockwise moment .

S12gx-48g = 64g-8gx

S20gx = 112g
: 112 : x
X = >0 +— | Make x the subject of the formula.
= 5.6

.. The length AC is 5.6 m.

© Pearson Education Ltd 2C
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Exercise A, Question 19

Question:

A C JH]

A x

«—1lm—-—
-« 3m »-

A uniform beam Abhas mass 12 kg and length 3 m. The beam rests in equilibrium in a horizontal position, resting on two smooth
supports. One support is at endtide other at a point 6n the beam, whelBC = 1 m, as shown in the diagram. The beam is

modelled as a uniform rod.

a Find the reaction on the beam at C

A woman of mass 48 kg stands on the beam at the poifttdbeam remains in equilibrium. The reactions on the beararsd &
are now equal.

b Find the distancAD.

Solution:
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a
< am »
2 i / Draw a diagram showing the reactions at the
1 supports and the weight of the beam.
1.5m G O0Smic—1m—
A‘ A 8
1; a

As the beam is uniform the weight acts through G, the mid-point of AB.
Let the reaction at 4 be § N and the reaction at C'be R N.

Distance AC=3m-Im=2m

Take moments about A.

The weight of the beam acts at its mid-point G.
Rx2 = 12gxl. 5 1 1
AG=—=x3m=1—m
12 g}:l J 2 2
R =
R = B82 N (3 s.f. } Use anticlockwise moment = clockwise moment .
Make R the subject of the equation.
b
R R
Draw a new diagram showing the forces acting
A 0 C 2 B / d the dist ired
7Y | i and the distances required.
4;9 J
129
“—xm—>
¢ 15m >

Let the distance AD be x m and let the reactions at 4 and C be R N.

R(TY

R4R IZg—43g=‘{/ Resolve to find the new value of R.
SR = 30g

Take moments about A.
12gx1.5+48 gxx—-30gx2= U*___,,..—--"‘ Use clockwise moment = anticlockwise moment .

SA48gx = 60g—18g
- 2g
42 o« | Make x the subject of the formula.

X = —_— = 0.875m
48
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Exercise A, Question 20

Question:

- 4m

Fred (¥ ‘ # Eric

¥

Two men, Eric and Fred, set out to carry a water container across a desert, using a long uniform pole. The length of the pole is 4 m and its
mass is 5 kg. The ends of the pole rest in equilibrium on the shoulders of the two men, with the pole horizontal. The water container has
mass 16 kg and is suspended from the pole by means of a light rope, which is short enough to prevent the container reaching

shown. Eric has a sprained ankle, so Fred fixes the rope in such a way that the vertical force on his shoulder is twice as great i

force on Eric's shoulder.

a Find the vertical force on Eric's shoulder.

b Find the distance from the centre of the pole to the point at which the rope i

Solution:

4m
l l x —] | = | Draw a diagram showing the forces acting.
5g

| 16g
2R R

Let the force on Eric's shoulder be R and
the force on Fred's shoulder be 2R,

R(T)
3R-16g-5¢g=0 / Resolve vertically to find R.
3R = 2lg
R = Ty

Take moments about Fred's shoulder.
Let distance from centre of pole to point

at which rope 1s fixed =xm. As the pole is uniform the weight acts at the
Then / middle i.e. 2 m from left hand end (Fred's
S5gx2+16gx(2—x)=Rx4 shoulder).
~10g+32g—16gr=28¢g ‘\
it = T \ Use clockwise moment = anticlockwise moment
7 ;o
S X = —m (2—x) is distance from Fred's shoulder to

\ """Cigh! lf)g

Make x the subject of the formula.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 21

Question:

«— 09m——>»

A C B
- 1.5m *

A uniform rod ABhas length 1.5 m and mass 8 kg. A particle of makg im attached to the rod at Bhe rod is supported at the
point C where AC= 0.9 m, and the system is in equilibrium with A8rizontal, as shown.

a Show that n¥ 2.

A particle of mass 5 kg is now attached to the rod andthe support is moved fromt€a pointD of the rod. The system,
including both particles, is again in equilibrium with ABrizontal.

b Find the distancAD.

Solution:
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i 08m R
i G TC o ‘-’./-" Qrﬂw a Eiiagram, showing the forces and
L A | distances given.
Bg g
s - 1.5m-— g

a The weight 8¢ N acts at the mid-point of AB,

SoAG = 0.75m
— [ = :
LGC = 09m—075m=0.15m Calculate the _ other lengths needed in the
moments equation,
AlsoCB = 0.75m—-0.15m=0.6m
orCB = 15m—-09m=06m

Take moments about C.

mgx0.6=8gx015 o =
Use clockwise moment = anticlockwise moment.
Bx=0.15
0.6
m = 2

b

J—xm—D G &

! A ] i ) .

o : +—— | Draw a new diagram to illustrate the new

a9 ag 2g ; ;

situation,

Let the distance AD=x m.

[{],?S.r}‘nk

(1.5—x)m

‘—__-_-_--—"_-—-

Then DG
and 8D

Express distances from D in terms of x.

Take moments about D,

Use clockwise moment = anticlockwise moment.

2g x (1.5-x)+8gx(0.75-x)=5gx
s3g — 2ext+t6g—8px—Sex=0

g = L 5. Make x the subject of the formula.
9
= —=0.6m
15

© Pearson Education Ltd 2C
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Exercise A, Question 22

Question:

A B
A P

-« 21—

- 10m >

A uniform steel girder ABof mass 150 kg and length 10 m, rests horizontally on two supportnat B.A man of mass 90 kg
stands on the girder at the pointvthere AP= 2 m, as shown. By modelling the girder as a uniform rod and the man as a patrticle.

a find the magnitude of the reaction at B

A Y b
A P A
-— 2m— -— xm—»
- 101m »

The support Bs moved to a point ¥n the girder, where B¥ x metres, as shown. The man remains on the girderTaid®
magnitudes of the reactions at the two supports are now equal.

Find
b the magnitude of the reaction at each support,

c the value ox.

Solution:
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a
s R
AT P G 13 Draw a diagram showing the weights acting, the
A I L A reaction at R and distances.
90g 150g
—2m—>
——5m—o>3
10m >

Let G be the mid-point of 4B8. As the girder is uniform the weight acts through G.
Let the reaction at B be B M.

4— | The reaction at A is not needed in this part of the
question,

Take moments about 4.
Rx10-150 gx5-90gx2=0

SI0R = T750g+180¢g
SR = 930g+10
= PENY
= 9]IN(3sf) «— | Make R the subject of the equation.
or 910 N (2 s.f.)
b
P G ¥ 4— | Draw a new diagram showing the weights acting
& I | ) £ and the two equal reactions.
s 90g 150g Sée—xm—3

Let the reactions at 4 and Y be S N.

R(T)
25-90g—150g
285=240g=8§

S =1200N (2 s.f))

/ Take moments about either point 4 or point Y.
¢ Take moments about 4.

Resolve to find §.

0
120 g =1176 N

I

Sx(10—x) = 150gx5-90gx2
oy - 150g+180g 930g
o § 120 ¢ Make x the subj "the fi '
g ject of the formula.
93 ./
Jox = 10-——
= 2.25m

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 23

Question:

A footbridge across a stream consists of a uniform horizontal plard BBgth 5 m and mass 140 kg, supported at the eads A
B

A.man of mass 100 kg is standing at a poimrnhe footbridge. Given that the magnitude of the force exerted by the supp@t at A
twice the magnitude of the force exerted by the support edlBulate

a the magnitude, in N, of the force exerted by the support at B

b the distanciAC.
Solution:
€ am
“xm=> C s o Z
' 1 | 2% . —— | Draw a diagram showing forces and distances.
| w w
2P 1009 1409 P
a R {T] Let the reaction at B be P and at 4 be 2P.
2P+P-140g—-100g=0 Let the distance AC=x m.
- == +_-_______-_____-——— "
s3P = 240g Resolve vertically to find P.
ie.P = B0g
= T84 N
= TJ80N(2s.f)

b Let distance AC be x m. Take moments about A4 (or about B) to find the

distance x.
Take moments about A.

Px5=140 gx2.5+100 gx

Substituting P = 784 Use total anticlockwise moment =
Sx=0.5

The distance AC is 0.5 m.

© Pearson Education Ltd 2C
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Exercise A, Question 24

Question:

A non-uniform thin straight rod ABaslength 3dand mass 5nit is in equilibrium resting horizontally on supports at the points X
andY, where AX= XY = YB = d. A particle of mass 21is attached to the rod at B. Given that the rod is on the point of tilting about
Y, find the distance of the centre of mass of the rod A.

Solution:
¢ X = . :
- 44— | Let the required distance be x m.
xe—9 5y
A . s LT}
T J—Y d—
¢ =z I *( ?«L
oN ¥+ PN 2 mg
5 mg

When the rod begins to tilt about Y the force exerted

by the supportat X =0N, q\_\\

Take moments about Y.
Sme(2d —x)

This is an important fact which you should
know.

2 : : : :
2mgd e—— Total of the moments anti-clockwise = total of

S A0mgd—-5mgx = 2mgd the moments clockwise.
S A0mgd -2mgd = Smgx
i.e.8med = 35mex
o = § o «+— | Make x the subject of the formula.
= |l.6d

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 25

Question:
A r (4] B
,‘_ﬂ'SIn_‘.A A

< Im >

A uniform rod ABhas weight 70 N and length 3 m. It rests in a horizontal position on two smooth supports plaaed @ \where
AP = 0.5m as shown in the diagram. The reaction on the rodhasPhagnitude 20 N. Find

a the magnitude of the reaction on the rod at Q

b the distancAQ.
Solution:
v 5 ym
AED S_I:}m ? B +———| Let the reaction at O be O N and let the
* 1 distance AQ = ym.
b
20M TN oN
a R (T)
20+0-70=0
0 = 70-20 «——— | Resolveto find Q.
= 50
.. The reaction at Q is 50 N.
b Take moments about P.
Total clockwise moment = total

1oxl=00=03) anticlockwise moment.

But 0 =350
~50(y-0.5) = 70
Le 50y = 05 4+——— | Substitute O and make y the subject of the
oy = 1.0 formula.
The distance AQ is 1.9 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 26

Question:

A C D B

A A

—]im——xm—

-l 3-"-'1 =

A uniform plankAB has weight 120 N and length 3 m. The plank rests horizontally in equilibrium on two smooth sugpait| C
where AC= 1 m and CD= xm, as shown. The reaction of the support on the plankmaisDmagnitude 80 N. Modelling the plank as
arod.

a show that x= 0.75.

A rock is now placed at Bnd the plank is on the point of tilting aboutNdodelling the rock as a particle, find
b the weight of the rock,

¢ the magnitude of the reaction of the support on the plank at D

d State how you have used the model of the rock as a pi

Solution:
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40N BON
T ¢ To
A A 8

4+—| Draw a diagram showing weights, distances and
reactions relevant to the problem.

+——| The reaction at C is not relevant to the problem
a Let G be the mid-point of AB. because we are taking moments about C.
The weight of the plank acts through G as
the plank is modelled as a uniform rod.

Take moments about C.

¢ The weight of the plane acts at the mid-point.
80x = 120x0.5
) 120%0.5
i o = RIHEEA AT T
80
-x = 0.75 4— | Make x the subject of the equation.
b
R +———— | Draw a new diagram, showing the rock of
I weight W at point B.
cC G D
120 N w

When the plank is on the point of tilting about D, the reaction at C is zero.

Take moments about D. Take moments about D as the resulting equation

has one unknown W,
1200.25=W=x 1.25

120x0.25
- 0:021 . N\ Distance DB= CB — CB=2m—0.75m

¢ R(T)
+— | Resolve vertically or take moments about point
R-120-W = 0 C to find R.
SR=120+24 = 144N

d The weight of the rock acts precisely at 5.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 27

Question:
Jill David
s g peem
e A AN
“«—xm—>
- 4m >

A seesaw in a playground consists of a beanmofBngth 4 m which is supported by a smooth pivot at its centdédl @as mass 25
kg and sits on the end Pavid has mass 40 kg and sits at a distametres from Cas shown. The beam is initially modelled as a
uniform rod. Using this model,

a find the value of xtor which the seesaw can rest in equilibrium in a horizontal position.
b State what is implied by the modelling assumptions that the beam is uniform.

David realises that the beam is not uniform as he finds he must sit at a distance 1.4 nfiofrtine Geesaw to rest horizontally in
equilibrium. The beam is now modelled as a non-uniform rod of mass 15 kg. Using this model,

c find the distance of the centre of mass of the beam C.

Solution:
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a
L3 4m *
A i I 5 = Draw a diagram, showing weights and
S cxmy distances.
E b 4
25g 40g

Take moments about C. ' “| As C is the mid-point the distance

AC=2m.
25egx2 = 40gxx
LIE. —] S{}_E
40 g
x = 1.25
—

b The weight of the beam acts through its The weight has zero moment about C.

mid-point at C,

¢
% 4m >
P $Meram g —— Draw a new diagram showing weights and
g distances.
- - e
25 15g 40g

Let the distance of the centre of mass from C be y m,
Take moments about C.
25gx24+15gxy=40gx14 «—

Use total anticlockwise moment = total clockwise moment.

S5y = S6g-50g

Ly = 6g
152 4+——— | Make y the subject of the formula.
= 0.4
. Distance of centre of mass from C is 0.4 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 28

Question:

e G0cm ——»

A C B

A seel girder ABhas weight 210 N. It is held in equilibrium in a horizontal position by two vertical cables. One cable is attached to
the end AThe other cable is attached to the poimrhe girder, where A€ 90 cm, as shown. The girder is modelled as a uniform
rod, and the cables as light inextensible strings.

Given that the tension in the cable at C is twice the tension in the cahlérat A
a the tension in the cable at A
b show that AB= 120cm.

A small load of weight W newtons is attached to the girder ahB load is modelled as a particle. The girder remains in equilil
in a horizontal position. The tension in the cable & Gow three times the tension in the cable.at A

¢ Find the value oW.

Solution:
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A A2T
S 90 cm B
G —
A| T B
¢ X cm - :ﬂ. c
1)
210N

Let the weight act through G at x cm from A.
a

Page2 of 3

Draw a diagram showing forces and distances.

Let the tension in the cable at A be TN and at C'be 2T N.

Resolve vertically as T is the only
unknown in this equation.

It is also valid to take moments about C.

R(T)
2r+T — 210=0=3T-210=0
S TON
b Take moments about A. «—
2T =x90=210xx
r=1EH]Ir“

U100
Substitute T=70 +——

Express x in terms of T and use the value of T
found in part a to give x.

You were told that the girder is modelled as a
uniform rod, so AB=2x cm.

Draw a new diagram, showing the load at B.

_ 18070
210
= H0cm
As G is the mid-point of 4B
s AB=120cm «—
c
IT ,Jrzr
G
—
A | c |E
210N WN
R(T)
T+3T-210-W =0 <
4T -W=210 (1)

Resolve and take moments to give two
equations in 7 and W.

Take moments about 4,
IT=90=W=120-210x60

4
-

You could take moments about C to give a
second equation.

Divide equation by 30.
9T —-4W =420
Solve the simultaneous equations.

(2)

Ox(1)—4x(2) gives

QW16 = 1890-1680
SW = 30

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 29

Question:

A L B
«——1.5m—on
- dm -

A uniform rod ABhas mass 8 kg and length 4 m. A particle of mass 4 kg is attached to the eottlad particle of mass ki is
attached to the rod at Bhe rod is supported at the pointwthereAC = 1.5m, and rests in equilibrium in a horizontal position, as
shown in the diagram.

a Find the value of M.

b State how you used the information that the rod is uni

Solution:
c
.ﬁ -2m - —% —2m \.E
it '%« Using total of anti-clockwise moments = total
L L L _ ¥
4g PN &g mg of clockwise moments.

a Take moments about C,

4exl5 = Bgx05+Mgx25
Sbhg-4g = 2.5 Mg , T -
o Make M the subject of the formula,
2g  _
= M
25¢
oM - 0.8

b The weight acts through the mid-point of the rod.
+«— | For a uniform rod its weight acts through the
mid-point.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 30

Question:
A B C
‘: 8m ="-‘ 4m *

A uniform plankABC, of length 12 m and mass 30 kg, is supported in a horizontal position at the pamt{fAvhere AB= 8 m

andBC = 4m, as shown in the diagram. A woman of mass 60 kg stands on the plank at a distance of 2, rarfdoardck of mass

M kg is placed on the plank at the endT@e plank remains in equilibrium. The plank is modelled as a uniform rod, and the woman
and the rock as particles.

Given that the forces exerted by the supports on the plankrad Bare equal in magnitude,
afind i the value of M, ithe magnitude of the force exerted by the supportat #the plank.

b State how you used the modelling assumption that the rock is a ¢

Solution:
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&2m-> 4mIe-2m-rBe4m-> .
A ml m n + T2 ¢ ¢————— | Let the reactions at 4 and B be PN,

k.

| k.
PN 60g 30g PN mg

&t R(T) As there are two unknowns, P and M, you need

two equations.
2P-60g-30g-Mg=0

L2P-Mg=90g (1)

Take moments about A. :
You can resolve and you can take moments

Px8=60gx2+30 gx6+ Mgx12 i T TR SRR

JEP-12Mg=300g

+ through by 4 Using anticlockwise moment = clockwise
moment.

Then 2P-3Mg=T5g (2)

Solve by subtracting equation (2) from equation (1).

Then 2 Mg=15g
_15g
-5
=7.5kg

M

< Then solve simultaneous equations to find M.

ii Substitute into equation (1)

Substitute into one of the equations to find P,

L2P = 9g+l5g

P - Q15g
2
= 48.75¢g A particle is a point mass and its
». Force has magnitude 477.75 N = 480 N (2 s.f.). / weight acts at C.

b Assumed that the centre of mass acts at the point C.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 31

Question:

PN AT A PP AP A A A AT AN AN

—2m—rl—Adm—e—— A m—>

& C D B

A light rod ABhas length 10 m. It is suspended by two light vertical cables attached to the rod at the gothi3 @here
AC =2m, CD=4m, andDB = 4m, as shown in the diagram. A load of weight 60 N is attached to the rahdtafload of weight
XN is attached to the rod at Bhe rod is hanging in equilibrium in a horizontal position. Find, in terms of X

a the tension in the cable at C
b the tension in the cable at D
¢ Hence show that 18 X < 90.
If the tension in either cable exceeds 120 N that cable breaks.

d Find the maximum possible valueX.

Solution:
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+ T ‘f??
c2mIje—dm—|cam> . ——
l [ D |

60N XN
a Take moments about 2,
60x6 = T x4+ X x4 —
~Tx4 = 360-4X
“T = 90-X

b Take moments about .

T,x4+60x2=Xx8 —

ST« 4 BX -120
LS i 2X-30

¢ As T,T, are both positive \

A-X=z0= X <90
and 2X -3020=X =15
s0 15<X =90

Page2 of 2

Let the tensions in the tables be T, and T,
respectively.

Using anticlockwise moment = clockwise
moment.

Again using anticlockwise moment = clockwise
moment.

As the cables are under tension, T, and T, are
both positive.

d T cannot reach 120, ——

T =90-X which cannot exceed 90 (from part
a).

If 7, > 120, then

2X - 30=120
Tk 150
e X > 75

T, =2x—30, was found in part b.

The maximum possible value of X is 75.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 32

Question:

L )

- Bm
<50 cme

AB—

A large uniform plank of wood of length 8 m and mass 30 kg is held in equilibrium by two small steel raler§ Aeady to be

pushed into a saw-mill. The centres of the rollers are 50 cm apart. One end of the plank presses agaifistmolladérneath, and

the plank rests on top of roller B, as shown in the diagram. The rollers are adjusted so that the plank remains horizontal and the force
exerted on the plank by each roller is vertical.

a Suggest a suitable model for the plank to determine the forces exerted by the rollers.
b Find the magnitude of the force exerted on the plank by the roller at B

¢ Find the magnitude of the force exerted on the plank by the roA.

Solution:
- ﬁ-.‘ > Y ~
L = _" Let the forces at 4 and B be A N and B N.
<50 cm-» 1
G 30g

a Model the plank as a uniform rod.

H‘-“'—‘—-—-.

This implies the plank has negligible

thickness.
b Take moments about A.
Bx05 = 30gx4 < Using total moment anticlockwise = total
o 120 moment clockwise.
' 0.5
= 240 g = 2400(2s.f)
c R(T)
B-4-30g = 0 < Resolve or take moments about B, to find
LA = B-30g the force exerted at A.
= 240g-—-30g

= 210g=2100(2s.f)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 33

Question:

e 54m I *

A plank of wood ABhas length 5.4 m. It lies on a horizontal platform, with 1.2 m projecting over the edge, as shown in the diagram.
When a girl of mass 50 kg stands at the poinnhGhe plank, wherBC = 0.3 m the plank is on the point of tilting. By modelling 1
plank as a uniform rod and the girl as a patrticle,

a find the mass of the plank.

The girl places a rock on the end of the plank.@yAmodelling the rock also as a patrticle,

b find, to two significant figures, the smallest mass of the rock which will enable the girl to stand on the plaithat&ilting.
¢ State briefly how you have used the modelling assumption that

i the plank is uniform,

ii the rock is a particl

Solution:
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Sl (_2:;',“_; «— | Let the edge of the platform be point X. Let
X Cosi the mass of the plank be M kg.
A 8
=]

a When it is on the point of tilting the - ) : -
force of the platform on the rod acts at X The weight of the plank acts at its mid-point.
(the edge of the platform).

Take moments about X,
Mex(2.7-1.2)=502(1.2-0.3)

+«— | Using anti-clockwise moment = clockwise

moment,
SMgxls5 = 50gx09
15Mg = 45 ¢ <« | Make M the subject of the formula.
45g
s M = ——
e s
M = 30
". The mass of the plank is 30 kg.
b This is a new situation so draw a new
48 27m H—2.7 m . / diagram. Let the mass of the rock be m
o—12 m;i kg.

Mg 30

«+«— | Using anticlockwise moment =

Take moments about X again. ;
g clockwise moment.

30gx(2.7-1.2)+mgx(54-1.2)=50gx1.2
smgx42 = 50gx1.2-30gx1.5

A0 & BOE-A5p “— | Make m the subject and evaluate to 2 s.f.
= 15g
Lm = 293
42¢
= 3.6 (2s.1)
S.mass = 3.6kg(2s.f)

¢i Plank is uniform — weight acts through the mid-point.
ii Rock is a particle — mass of rock acts through the end-point 4.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 34

Question:

Three forces E F, and F; act on a particle.

Fi=(-3/+7))N,F,= (7-jJ)N,F;= (p7+qg )N

a Given that the particle is in equilibrium, determine the value of p and the value of g.
The resultant of the forces Bnd F, is R.

b Calculate, in N, the magnitude of R.

¢ Calculate to the nearest degree, the angle between the line of aR and the vectg;.

Solution:
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a If the particle is in equilibrium then F, +F, + F, =0 <« | Use the condition for equilibrium.

Il
=

S=3i+Tj+i-j+ pi+gj
SAp=2)i+(g+06)j
Lp=2and g=-6

- Collect i terms and j terms.

Il
=

b The resultant of F, and F, is

R = F, +F,
SR = 3i+7j+i-j
= -2+6]

- The magnitude of R is 4/(=2)" + 6
v4+36

- m ) Use Pythagoras' Theorem to find the
= 210 0r6.32 (3s.f) magnitude of R.

Let the angle between R and j be .
Then

2
Lan e ==
6

R
|

-

e

Use trigometry to find the
1 ) / required angle,

arctan [

18 (nearest degree)
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2 Review Exercise
Exercise A, Question 35

Question:

Two forces Pand Q act on a particle. The for€ehas magnitude 5 N and the forceh@ magnitude 3 N. The angle between the
directions of Pand Qis 40°, as shown in the diagram. The resultant ahé Qis F.

a Find, to three significant figures, the magnitude of F

b Find, in degrees to one decimal place, the angle between the direciF andP.

Solution:
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a Draw a vector triangle:-

Draw a triangle to illustrate P+Q =F.

The angle in the triangle = 180" —40°
=140

Use the cosine rule:

|F|3 = 5743 -2x5x%x3xcosld0
AF| = 7.553s.f)
b Use the sine rule:
- 0 140° Rearrange to make sin & the subject of
sin - sm the formula.
3 | F|
g sin 1407
~sinf = 3x 755 & = arcsin 0.255
= (.255
5B = 148 (1d.p.)

Express the forces in component form.

Alternative method

5 £
a P A= Icos40
0 3sind0’

\

Use F =P +Q to give the components

/ el
: A
APHQ = 5+3cos%ﬂ

3sin40 -
AFF = (543c0s40') +(3sind0’) o 3 sin 40°
JAF] = 755@sf) el

/“.{ ]
5 + 3 cos 40°

I lge Puthaocaras' Theorem to find | F |

1~\

ta“ G = M
5+ 3cos 40’ Use trigonometry of the triangle to find &.
S0 = 148 (1dp)

© Pearson Education Ltd 2C
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Exercise A, Question 36

Question:

Two forces Pand Q act on a particle. The forcetfas magnitude 7 N and acts due north. The resultanan@i®) is a force of
magnitude 10 N acting in a direction with bearing 120°. Find

a the magnitude of Q

b the direction 0Q, giving your answer as a beari

Solution:
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N
H \.\
TP ‘“\ < Draw a triangle to illustrate P and Q
an and their resultant.
- 120° \\
e '--__\_____ )
— -4 \\
e L
N ™

a Use the cosine rule to find Q

-

Q° = 7 +10°-2x7x10xcos120’ Find Q by using the cosine rule.
= 219
~Q = 148
b
sind _ sin120°
10 Q - : :
) _ 4——| Find & by using the sine rule,
ssinf? = 10x sin120° then calculate 180 -4, the
14.8
= (.585
R ) = 35.%

. The direction of Q is 180" —35.8" =144.2",

Alternative method

a Resultant P+Q = 10cos30° Express the forces in component form.
—10sin30
= T
: E0S 5
N
\\\\.
10 \-\
\‘\hx
* Express the resultant force and the
Also P = {ﬂ] force P in component form.
.= 10c0s30")_(0)_(5V3
h —10sin 30" 7 =12 ' Find Q in resultant form.

Magnitude = 1/(5v/3)* +12° =14.8 (3 s.f.)

PhysicsAndMathsTutor.com
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12

In the diagram tan a = IZ
53

Sa=5472

s bearing =90 +54.2°
=144°(3 s.f)

© Pearson Education Ltd 2C
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Exercise A, Question 37

Question:

Two forces F = (27+3j) Nand F, = (47+4j ) N, where Jand  are scalars, act on a particle. The resultant of the two forces is
R, where Ris parallel to the vectaf + 2.

a Find, to the nearest degree, the acute angle between the line of actiandfh vector.
b Showthat2-u+1=0.
Given that the direction of fis parallel to j,

c find, to three significant figures, the magnitude¢R.

Solution:
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2j

Let the required angle be .
Then tanar =2

Page2 of 2

Draw a diagram to show the vector
i+2].

La=634 =

b AsF+F, =R

Ri+3P+(Ai+p))=k(i+2)) <

where & is a constant.
SL2+A=kand3+u=24k*

ot

As R is parallel to i+ 2j, R also makes
an angle a with i.

Let R =k(i+2j) where k is constant.

Put i components equal.

—
Eliminate & from these two equations.
Then

2(2+4)
L2A-p+l = 0 =
¢ If F, is parallel to j then A=0.
Substituting 4 =0 into * gives

3+

A

Put j components equal.

p=land k=2
~R = 2i+4j
AR = N2+ 4

= 20

Substitute k=2 into R = k(i+2j)

= 447 (3s.f)

© Pearson Education Ltd 2C
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Exercise A, Question 38

Question:

A force Racts on a particle, whereR( 77+ 16j) N .

Calculate

a the magnitude of Rgiving your answers to one decimal place,

b the angle between the line of action o&Rd | giving your answer to the nearest degree.

The force Ris the resultant of two forcesdhd Q The line of action of P is parallel to the vector € 4j ) and the line of action of
Q is parallel to the vector {+j) .

¢ Determine the forceP andQ expressing each in termsi and].

Solution:
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«— | Use Pythagoras to find the magnitude.

7L
a  The magnitude of

R = 7" +1¢°
= 17.5(1d.p)
b
16
tanex = —
)
16 Use trigonometry to tfind the angle and give it to
La = arctan[TJ Ar'//' the nearest degree.
= 66"(nearest degree)
¢ Let
c Express P and Q as multiples of the vectors
P = A(i+4j)and / i+4j and i+ j respectively.
Q = ui+))
AsP+Q=R . P+Q =R is the vector addition law.

AL+ 45+ pli+ ) =(Ti+16j)

Equating i components

A+ pu=7 (n
Equating j components
4A+u=16 (2)
Subtract 2)—(1) 4 Solve the simultaneous equations to find A
and g.
A =9
LA =3
Substitute into equation (1)
3+ o= 7
S =4 Substitute A and g to find P and Q in
terms of i and j.
~Po= 3(i+4j)=3i+12jand

Q = 4(i+])=4i+4j

© Pearson Education Ltd 2C
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Exercise A, Question 39

Question:

A particle Pmoves in a straight line with constant velocity. Initiallyi€at the point A with position vector ¢2 j) m relative to i
fixed origin Q and 2s later it is at the pointvBth position vector (6+j) m.

a Find the velocity of P
b Find, in degrees to one decimal place, the size of the angle between the direction of mo#od tifdPvector. i
Three second after it passethB particle Reaches the point.C

¢ Find, in metres to one decimal place, the distiOC.

Solution:
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difference in displacement
time Use the definition for constant velocity,
(6i+j)—(2i—j)
2
2
= 2+ j

velocity

‘___,_.,-"' This angle gives the direction of motion of P

b . which is asked for in the question.
Let the angle between vand i be .

Then tana =—
2
3)
s = arctan| —
2
= 26.6'(1d.p.)
c
Displacement = velocity x ime
In 3 s displacement = 3(2i+j)
SBC = 6 +3j
But
OB = 6i+]j / Use the vector law of addition to find OC.
~0C = OB+BC

12i +4j
The distance

r

V122 + 4 Use Pythagoras' Theorem to find the
Ji33+16 distance OC.
V1

60
12.6m (1d.p.)

oc

[

Il

© Pearson Education Ltd 2C
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Exercise A, Question 40

Question:

A particle Pis moving with constant velocity (5~ 3j) ms~1. Attime t= 0, its position vector, with respect to a fixed origini©
( = 27+j) m.Find, to three significant figures.

athe speed of P

b the distance cP from O whent = 2s.

Solution:

a The velocity i =5i—3j

The speed
jul = 5 +(3) < Use the formula for magnitude of a vector.
lu| = v@

= 583Ms”

b The displacement from =0 to

t=21s (Si-3j)x2 +— | Find the displacement between =0 and 1 = 2,

using velocity x time .

The position vector of Pat =2 is —
(=2i + j)+(10i - 6j) +— | Use the vector law of addition.

= 8i—5j
. The distance of P from O is

J82 4 (=5)?

[64+25 Use the formula for the magnitude of a vector.
\'@ /
9.4

43
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2 Review Exercise
Exercise A, Question 41

Question:

A boat Bis moving with constant velocity. At noon,i8at the point with position vector #3 4j) km with respect to a fixed
origin O. At 1430 on the same day,®8at the point with position vector ¢8 11j) km.

a Find the velocity of Bgiving your answer in the form/p- qj.

At time t hours after noon, the position vector of B isn.

b Find, in terms of,tan expression for b.

Another boat Gs also moving with constant velocity. The position vector ,of Kin, at time t hours after noon, is given by
c=( -97+20j) +t(67+ —j) ,where Jis a constant.

Given that Gntercepts B

c find the value of 2

d show that, beforC intercept<B, the boats are moving with the same sg

Solution:
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a Displacement between noon and 14.30 is

®i+11j) - (3i—4j)=(5i+15))
. o 1 — st velooity= displacement
covelocity = (5i+15)) +25 km/h ¥ T
= (2i+6j) km/'h.
b The position vector ¢ hours after noon is
b =(3i—4j)+(2i+6j) for boat B. <+——| Use vector law of addition.
¢ Forboal C
c=(—9i+20))+r(6i+ 4Aj)
When C intercepts B
3+2t t —9+61 <— | Equate the position vectors of 8 and of C.
~4+6¢ 20+ Ar
3421 = -9+61
=1z = 4 +— | Equate the i components and solve to give
it = 3 G the value for 1.
Also
—4+6¢r = 20+Aratr=3
SL=4+18 = 20+34 4— | Equate the j components and use your value for f to
b = 34 give 4.
1‘- A _ _2 /
d —
Tht! \"ﬂll}Cil}" Ur bui'-“- B _ {Ei +6j) kmh—l Tht! HTHE_"itUdE ﬁrthﬂ \"E]ﬂi:ilies are 2_ -+ 6_
The velocity of boat C = (6i—2j) kmh™' and /67 +(-2)* which are equal.

speed of boat B =speed of boat C

=36 +4 =40 kmh™'

© Pearson Education Ltd 2C
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Exercise A, Question 42

Question:

A particle Pof mass 2 kg is moving under the action of a constant foreewgons. Whent 0, Phas velocity (F+2j) ms~1
andat time t= 4s,P has velocity (18- 4j) ms~1. Find

a the acceleration of i terms of i and,j
b the magnitude of F

c the velocity olP at timet = 6s.

Solution:

a As the force is constant, the acceleration is constant.
Given u =3i+2j,v=15i—4j and 1 = 4, to find a use

You may use constant acceleration formulae.
v=utatorv—u = a *+———monon
SA51—=4j—-3i4+2)) = 4a
i.e 12i-6j=4a . .
i . Choose this as it connects u,v,a and ¢
sa=3i-1.5j
b Use
F = ma ‘/”// Use Newton's Second Law.
F = 2(3i—-135j))
= 6i—3j

AF| = )6 +(=3) / Use the formula for magnitude of a vector.
= 45
6.7

i

¢ Use

AWl Use the value for a found in part a.

Sv=31+2)+6(31—-1.3))
=211—1}

© Pearson Education Ltd 2C
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Exercise A, Question 43

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

A ship Sis moving with constant velocity2.5 + 6)kmh ™ At time 1200, the position vector of Srelative to a fixed origiis O
(16i +5))km. Find

athe speed of §
b the bearing on which Sis moving.

The ship is heading directly towards a submerged roékrmadar tracking station calculates tha dontinues on the same course
with the same speed, it will hit & the time 1500.

¢ Find the position vector of.R

The tracking station warns the ship's captain of the situation. The captain mairgaiiis &urse with the same speed until the

is 1400. He then changes course so that Smoves due north at a constant&pee‘&of . Assuming that Scontinues to move with
this new constant vector, find

d an expression for the position vector of the shipurs after 1400.

e The time when Swill be due east of R

f The distance ¢S fromR at the time 150!

Solution:
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a v=-25i+06j
You know that speed is the magnitude of
sspeed=|v| = J(=2.5)" +6 / velocity.
= /4225
—  65kmh” ¥ Use the formula for magnitude of a vector.

+— | The velocity vector indicates the direction of
motion, so draw a diagram showing this vector.

2.5
tanfd = — -

6 +«— | Use trigonometry to find &.
8 = 226

The bearing on which § moves 1s 3377,

Use geometry 360" —22.6 to find the bearing
(measured clockwise from North).

¢ At 15.00 the ship has moved for 3 hours since noon.

lts displacement = (-2:51+6px3 . | Use velocltyxtime=displaccment.
~7.5i +18j

It started at 16i+5j so finishes at 8.5i+23j. +—0__ Use vector addition 161+ 5]j—7.5i-+18]

This is position vector of R.
d At 14.00 the ship has moved for 2 hours since noon to (—2.5i + 6j) = 2

Y= t1se velociiyx
= —5i+12]j from noon position. e Vel R aR:
At 14.00 ship is at 16i+5j—5i+12j
. - Use vector addition.
=11i+17j

It then moves North at 5 kmh ™' for ¢ hours.
Its displacement 1s 5¢j
- thours after 14.00 ship is at

PhysicsAndMathsTutor.com
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i+ (17+50)j g

e Ship is due east of R when

e
23] = (17+50)]
; )
ie.r = — hrs
5
= lhrl2 min

The time at which ship is due east of R is 15,124

f At 16.00 the ship is at

i+ (17+10)j=11i+27] =

Page3 of 3

Use vector addition.

Equate j components and find 1.

lime,

Use 1= %hrs after 14.00 to give the

The distance of § from R 1s

J({l 1-8.5) +(27-23)*)
((2.5) +4%)

Vv22.25

4.72km (3 s.f)

Il

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Substitute =2 into the position vector
for §.

Use the formula, based on Pythagoras'
Theorem, for the distance between two
points,




Heinemann Solutionbank: Mechanics 1 Pagel of 3

Solutionbank M1

Edexcel AS and A Level Modular Mathematics
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Exercise A, Question 44

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

A model boat Anoves on a lake with constant velogity+ 6j)m st . Attimeo isAtthe point with position vect(®i - 10j)m
Find

athe speed of A

b the direction in which As moving, giving your answer as a bearing.

At timet =0, a second boatiB at the point with position vect¢+26i + 4j)m

Given that the velocity of B i@i + 4))ms 1 |

¢ show that Aand Bwill collide at a point Pand find the position vector of P
Given instead that Bas speedms‘l and moves in the direction of the végitew;)

d find the distance B from P whent = 7s.

Solution:
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a
Yelosltyol A 15 —110) § i Use the definition that speed is the
magnitude of velocity and use the
- Speed of A = m = 37T ms" formula for magnitude of a vector.
= 6.08ms’ (3s.f)
b
+ 6] A - Draw a diagram showing the velocity vector.

From the triangle:

| «——— | Use trigonometry to find &, then calculate the

6 bearing (angle measured clockwise from North).
9.46°

tan &

e

S Bearing = 360" -9.46
351" (3s.f)

¢ Attimer: +— | Use displacement = velocity x time .
position vector of 4 is r=2i—10j+#(—i+6j)
position vector of B is r = —-26i+ 4j+1(3i + 4j)

If 4 and B collide for some value of't,

(2=1)i + (=104 60)j = (~26 +30)i + (4 + 4,”/ Equate components of position vectors and solve
Equate i and j components. equations to find 1.

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page3 of 3

2—t==-26+3tand -10+6r=4+4¢
In both cases r=7

~. They do collide at Check that position vectors of 4 and of B are the
/ same when r=7.

2§~ 10+ (=i +6]) = =51 + 32j

The position vector of Pis —=5i+32j. %
8 / The new velocity is — the previous velocity as
d The new velocity of Bis —(3i+4j)ms’’ 3
3 the previous speed was Sms™'(3, 4, 5A).

Position vectorof Bat ¢+ =7 15

From the vector triangle law PB=0B-OP.

261 + 4j+§{3i+4j}x?:?,ﬁi+48,8j/

. PB b-p=12.6i+16.8j

'PB| distance = v12.6* +16.8* =21 m.

© Pearson Education Ltd 2C
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Exercise A, Question 45

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

At time t= 0, a football player kicks a ball from the pointuikh position vector (Z+j) m on a horizontal football field. The
motion of the ball is modelled as that of a particle moving horizontally with constant velocity §5 ms~1. Find

a the speed of the ball,

b the position vector of the ball aftes¢conds.

The point Bon the field has position vector (48 7j) m.
¢ Find the time when the ball is due north of B

At time t= 0, another player starts running due north froanB moves with constant speen 8~ 1. Given that he intercepts the
bal,

d find the value of v

e State one physical factor, other than air resistance, which would be needed in a refinement of the model of the ball's motion to
make the model more realis

Solution:
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velocity Si+8jms’ Use speed = magnitude of velocity.

1 Use formula for magnitude of vector.

sspeed = V5 +8 ms
V8O ms'=943ms” (3s.f)

I

b After f seconds, position vector is i ) )
Use displacement = velocity x time,

r=2i+j+t5i+8j)

¢ When the ball is due north of 10i+7j

2451
S5

10 Equate the i component of the ball to 10.
8=1t=16s

]

d Atr=1.6 ballisat 10i+13.8j

The second player moves from
10i+7j to 10i+13.8j in 1.6 s.

His velocity is 6.8j+1.6
His speed is 6.8+1.6=425ms"".

Find the displacement of the second player.
Use velocity = displacement +time .

e Friction on the field = so velocity of ball not constant
or
vertical component of ball's motion Any of these answers would be valid.
or

time for player to accelerate.

© Pearson Education Ltd 2C
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Exercise A, Question 46

Question:

A destroyer is moving due west at a constant speed of 10Krihhas radar on board which, at time 0, identifies a cruiser, 50
km due west and moving due north with a constant speed of 20 knTie unit vectors andj are directed due east and north
respectively, and the origin i9 taken to be the initial position of the destroyer. Each vessel maintains its constant velocity.

a Write down the velocity of each vessel in vector form.

b Find the position vector of each vessel at tirheurs.

¢ Show that the distance d km between the vessels at time t hours is given by

o2 = 500¢ - 1000t+ 2500

The radar on the cruiser detects vessels only up to a distance of 40 km. By finding the minimum ahreotfierwise,

d determine whether the destroyer will be detected by the cruiser's

Solution:
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B / As it moves wes/ its direction is parallel to .

o —~10i kmh '
Vae = 20jkmh™" < The cruiser is moving due North so is a positive
multiple of j.
b
G = —ifi=d +— | Using r,, =1, +Vvt
Foir = =301+201]=¢

¢ The vector CD=d-¢

=10 i — (=501 + 20 )
(50-101)i-204 «— | Using the triangle law, or vector subtraction.

ICD| = J(50-101) +(=20¢)
= JES[]{] —1000 ¢ +100 ¢* + 400 ¢*
~dt = 50047 =1000 ¢+ 2500 | Use Pythagoras' Theorem to find the magnitude
of CD.
d
d* = 500(*-21+5)
= 500((r—1)" +4)
The minimum value of @ is when # =1 and
B = S00kd = The minimum value of @ can be found by
— 2000 completion of the square.
sd o= 2000
= 44,72

. As 44.72 = 40 cruiser will not be able to detect the destroyer.

\ An alternative method would be to attempt to

solve d” =407,
This gives a quadratic with no real solutions.

© Pearson Education Ltd 2C
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Exercise A, Question 47

Question:

In this question the vectorsind] are horizontal unit vectors in the directions due east and due north respectively. Twodrah® A
are moving with constant velocities. Boatdves with velocity gkm h~ 1. Boat Bmoves with velocity ( 3+ 5j) kmh~1,

a Find the bearings on whidB is moving.

At noon Ais at the point Gand Bis 10 km due west of QAt time t hours after noon, the position vectors @8 Brelative to O are
a km and bkm respectively.

b Find expressions for a andii terms of t giving your answer in the form

p7+ q

¢ Find the time when B due south of A

At time time thours after noon, the distance betweeand Bis d km. By finding an expression for AB
d show that &= 252 - 60t + 100.

At noon the boats are 10 km apart.

e Find the time after noon at which the boats are again 10 km

Solution:
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Ve

31
Let the bearing on which B is moving be & .

Use trigonometry to find «. The bearing is the
angle measured clockwise from the North

Then tana = %

= arctan(0.6) direction.
= 3096
- bearing is 031" (nearest degree)
’ using r,,, =T, +v!.
a = 0+9¢j
b = -10i+(3i+5j¥

(Br=10)i+54

¢ When B is due south of 4

10

i | =

-

As A has i component zero.

2
= 3h 20 min
i.e. the time is 15.20
d
AB = b-a
= (3r-10)i—-4¢j
|m| _ \j{3 (—10) +(—41) <+ | Using the 'triangle law' or vector subtraction.
= VOr-60r+100+16¢")
d® = 251 =601+100 —
Use Pythagoras to find the magnitude of AB.
e When d=10 — Form and solve a quadratic equation in 1.
100=25¢+ =60r+100
254 =60t = 0
S5u51-12) = 0
B _ 12 Express your answer as a time in hours and
St=0ort = — -
5 minutes.
= 24h

So the boats are 10 km apart at 14.24,
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