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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 f &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 pofito 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
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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

15 s to travel from one signpost to the other. When passing the second signpost, it has speed Fahahthe 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 frokto B with constant acceleration 0.5 m & Her speed ahis3m 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 9 m s~ 1,

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. Findathe 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 Ais 3ms™ 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 particle s m3
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Kinematicsof a particle movingin astraight line
Exercise A, Question 9

Question:

A particle moves in a straight line from a poiito 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 As 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 h1 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
72kmh1=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 m% At A the particle
has speed 32 m's' and the particle comes to resBaFinda 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 frénto 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 paiBs#d 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 ais® m s~ 1. The particle
takes 20 s to move fromta B.

a Find the acceleration of the patrticle.
The speed of the particle isi€11 m s L. Find
b the time taken for the particle to move frontdBC,

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

The acceleration of the particle is 0.25 Mm%

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 fromta 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
particle atC is 43 m s 1. The particle takes 12 s to move frénio 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 fronh 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 acceleratiomys ™ 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 )b 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=?

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 Su+at
0 =5-0.125%

5
t = o= 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&@m@sdC with speeds
20m s~ 1, 30 m s 1and 45 m s L respectively. The time taken to move fréno 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 3m st and
later passes through a poB, whereAB = 8 m. Find the speed of the particle as it passes thrB.

Solution:

a =25u=3,s=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 =8,t=6,s=60,a= ?

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

2
The acceleration of the car'gs msa
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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 xax36=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 frdio Q with constant acceleration 1.5 m & 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 =wvt- Jat

22 = 4y- %X1.5x42=4v—12

2+12 34
v = ) =8.5

The speed of the particleQis8.Ems~ 1L
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Exercise B, Question 5

Question:

Pagel of 1

A particle is moving along a straight li®A with constant acceleration 2 n . 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
22+ 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 fntee acceleration of the
train.

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

u =15v=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 afpairat pointB whereAB = 48 m. AtA the

particle has speed 4 nT$ and atB it has speed 16 m's.. Finda the acceleration of the particlethe time the particle
takes to move frorA to B.

Solution:

a

s =48,u=4yv=16,a= ?
vV =u?+2as
162 =42+ 2 xax 48
256 =16 + 96a
256 - 16

= T - 2.5

The acceleration of the particle is 2.5 m%

b

u =4v=16,a=2.51t= ?
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 3.5 m%

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 deceleratiort 8f Binda 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.

Vv =u+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.%inda 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 =12v=0,a= —-0.8,s= ?
v =u?+2a s
02 =12 -2x0.8 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
=122-2x0.8%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 4 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¢

1.252+8t-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 x 25 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 poinsandB lie on the line and

AB = 32 m. At timet = 0, the particle passes througjlwith velocity 12 m s 1 in the directiomAB. Finda 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 powith
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 =12t- 2.5¢

258 -12+8=0
52 -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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Kinematicsof a particle movingin astraight line
Exercise B, Question 14

Question:

A particleP is moving on thec-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 = 14t- 212

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

The difference between the timesis (4.5-253%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:

aFromBtoC

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

vV =ul+2as

207 = 142 + 2 x a x 300
_ 2

a = 2-1% _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 andQ are moving along the same straight horizontal line with constant accelerations 2ands3.6 m
s~ 2respectively. At timé = 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=ut+ Zat?=> s=4t+t?

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

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

The displacement @is [3(t-1) +1.8(t-1) 2] m.
b
A+t2 =3(t-1) +18(t-1)2

At+t2 =3t—-3+ 1.8 - 3.6t+ 1.8
082 - 4.6t—-1.2=0

IDivide throughout by 0.2.

42 - 23 -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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Question:

A ball is projected vertically upwards from a podiwith speed 14 m s1. Find the greatest height abo®eeached 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 =5= 4081 ..=4.1

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%~ 9.387 ...~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
=182-2x9.8x 15 =30

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

The speed of the ball when it is 15 m above its point of projection is 55(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 fiisda 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 pokitFive 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% 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 =16t- 4.9¢

492-16-3=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 =24.5t- 4.9¢

492 -243+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 pdnvith speeci m s~ L. Two seconds later it is still moving

1
upwards and its speed Tsum s~ L. Findathe 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

*u =196>u= g x 19.6 = 29.4

u =29 (2s.f.)

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

0 =29.4t-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, ke upwards as the positive direction.

sg=Uu t+ at? = 18t- 4.99
sA+sB:46

5t + 4.9€ + 18t— 4.9¢ = 46
2% =46=>t=2

Substitute into

S,=5%x2+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= -98,s=h;

2

v =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

© 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 C, Question 16

Question:

A particleP is projected vertically upwards from a poiwith speed 12 m 3. One second aftd? has been projected
from O, another particl€) is projected vertically upwards fro®with speed 20 m 3. 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-4.9€ ... ... *

ForQ,

s =ut+ %at2 Q has been moving for one less second tiian
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- 4.92 = 20t- 20 - 4.9 + 9.8t- 4.9

24.9

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

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

b
Substitute fot in *

$=12-4A2~12x14-49%x14~72

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

athe rate at which the athlete accelerates,

b the total distance travelled by the athlete in

Solution:
_ 2 _
aa= = 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. When0 s, the car passes a poiwith speed 10 m st and this speed is
maintained untit = 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\@vidtreaching a speed of 45 kri hin 20 s. This speed
is then maintained and the car passes a Badnminutes 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 pofibn 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 rhfer T seconds. Finally he decelerates at a
constant rate coming to rest at a péin5 s after he begins to decelerate.

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

Given that the distance betwesandF 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.

© 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 D, Question 6

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 % for 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 deceleratesls®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 = 5" =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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Exercise D, Question 9

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 10T 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 = 3

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 0 s. She accelerates at a rate of 3T ®r 8 s and then maintains the speed she
has reached. A car ®aves the same road junction as M at timéts. The car accelerates from rest to 30 & 20 s and then
maintains the speed of 30 m &. C passes Mas 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 M $o rest inT seconds.

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

_ 570x2
15

T =76-64=12

=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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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 +2xax49

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 ACtignie 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) W= 19U
152

u _E_S
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Question:
A stone is projected vertically upwards with speed 21h &ind
athe 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 -5
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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Exercise E, Question 5

Question:

A train is travelling with constant acceleration along a straight track. Atttims, the train passes a poitravelling
with speed 18 ms1. Attimet = 12 s, the train passes a pdmtravelling with speed 24 msL. 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 =18.t= 20,a= %,v= 2
V =u+at

:18+%><20228

The speed of the train §is 28 ms™ 1,

b FromPtoQ

u =24,v=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 tinfest she passes a pointukh speed
6 m s~ L. She continues with the same acceleration until she reaches a pdthtspeed 15 m s1. 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 The distance from B 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
athe 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 =0s=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&nb 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

athe speed of the particle 4t

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

The speed of the particle ¥ts 8 m s~ 1.

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

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

144 - 104
= T - 1.25

The acceleration of the particle is 1.25 m%

c FromXtoZ

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

v =u?+2as

242 =82+ 2 x 1.25 xs
2 _q2

s = 2-% —oms
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 k(2 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 -21t+8=0

- 2 _ 2 — 4 x X + -
b\ (b2-4dac) _ 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 time¢ = 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
O A =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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Exercise E, Question 12

Question:

A train starts from rest at a statiBrand moves with constant acceleration for 45 s reaching a speed of 2% ifhe
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 = ~o0~ =560 > T=35
The deceleration in the last 35 s is givel
the gradient of the line.
=2 5
a= g = "7

5
the deceleration of the train 1'; m 3

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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Exercise E, Question 13

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 untit = 20 s. The particle then decelerates to a speadro$™ 1 at timet = 26 s. Find

a the value ofy,

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™ Ifor the first 4 s.

1
s= §x4><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+ 75 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 101 #om a pointX, which is 50 m above the grourilsecond
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 =49t 2 = t ~2.2587...

T =t-t =1240.. =12s (2s.f.)
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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 checkwttirgp&ed 12 m 51 and another
check-point Qwith speed 32 msL. The distance betweenaAd Cis 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 =12v=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= ?
Vo =uP+2as

322 =122+ 2ax 1100
a =212 _qg4
2200

From Ato B

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

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

and has constant acceleration of 4 isFind
athe 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
from O.

|On overtaking the distances are the s§

ime.
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20t+2t°> = 30t
2 - — -
t2-0t =t(t-2) =0
£3 S
For overtaking > 0,t =40" §
B overtake<A 10 s after passirO.
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Edexcel AS and A Level Modular Mathematics

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 sigrSwarning of road works ahead and requiring speeds to be reduced to 22 Whe driver continues at

her speed for 2 s after passiigShe 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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Edexcel AS and A Level Modular Mathematics

Kinematicsof a particle movingin astraight line
Exercise E, Question 20

Question:

A train starts from rest at statidnand accelerates uniformly at B 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 unifermlg 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+ 5 =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:3oo: %: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 %O m =750m

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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