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2 Kinematics

Self Evaluation Exercise 2.2 (p.ss)

1. B
For constant acceleration,

s=ut+ F at*
2
1 a>0
2
The graph s against ¢ is a parabola and opens

upwards.

2. C
When the ball is falling, it undergoes constant
acceleration due to gravity. Therefore, the slope of the
velocity is the same for any time except at the moment
of rebounce.
Also, the ball falls with a downward velocity (negative)
and after rebounce, its velocity should be upward
(positive).

3. (a) (@) The velocity v of the time-interval from =0
totr=5sis

v=

I
—_
o0
B
»

(ii) The velocity v of the time-interval fromz=15s
to =8 s is zero, because there is no change of

displacement.
(iii) The velocity v of the time-interval from =8 s
tor=12sis
s
S
t
_ 28-9
12-8
=475ms”

(b) The total displacement of the boy is 28 m.
(¢) The average velocity over the whole journey is

v =

~ | ta

28
12
=233ms"

4. (a) No. The car accelerates only in the time-intervals
fromz=0tor=4sand from¢=6stos=8s. Inthe
period 7 =4 s to = 6 s, the car travelled with
constant velocity.

(b) The acceleration a betweenr=0and =4 s is

Av
a=2Y
At

_ 12-8
4

=1ms™

(¢)  The area covered between =0 and r =4 s is
E@N = E = A.O m

The area covered between r =4 sand =65 is
Area=(6-4)x 12=24m ‘

The area covered between r=6sandt=8 s is
1 12 x(8—6) 1
Mx 12 x 3 +Mxﬁl$
12x(8-6)

(12+5)
8.47-1.47

=7m
Thus, the average velocity v is
zs
>t
40+24+7
8

8.875ms”

Area

X |2-—

v =

fl

Self Evaluation Exercise 2.3 .92
1. A

V=ut+2a . 1)
(15)* = (30)* + 2a (75)
=—45ms™
Substitute v=0ms "', a=-45ms>, u=15ms"
into (1),
(0)* =(15)* +2(-4.5) s
s=25m
2. C
[
x=ut+ —at
2
X 1
;TG

When a graph of W against 7 is plotted, a straight line

. 1 . . .
with slope —a and y-intercept u is obtained.

2
3. A

4. C
5. A
6. C
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7. The acceleration a of the boat is given by
[
s=ut+ —at
2

360=50x 10 + WQ:SN

=28ms?

8. Betweent=0and¢=10s, the MTR travels
1,

S =ut+ —at
2

“w@:eM (w="0)

=100m-
The speed at =10 s is
<NHN§_

v=42%x2x100

=20ms"
Between ¢ = 10 s and = 50 s, the MTR moves with
constant speed for 40 s. The MTR travels
Sy = Vi
=20 x40
=800 m
Before the MTR stops, it travels
V=1 + 2as;
0=20%+2(-4)(s3)
s3=50m
Thus, the distance d between the two stations is
d= S1 85y +83
=100 + 800 + 50
=950 m

9. Put downward as positive.
The speed v of the stone just before hitting the water

surface is
V=4’ +2as
V' =2x10x 20
v=20ms"

It penetrates the river to a depth of 2 m below the water
surface. The average retardation a is
2_ 2
v =u"+2as
0=20%+2(a)?2)
=—-100ms™

Self Evaluation Exercise 2.4 (p.96)
1. D

s =ut+ WSN
2

Let s, and s, be the displacement at ¢, and #,
respectively.

1 1
Sy —8 = M@ t’ ) ® t
2h=g (' — 17

3. MHS+._|&N
2

-0.14=0+ WES m
1=0.17s

4. The height / of the point of release above the ground is
h=ut+ - ap
2

1 2
5 (102.6)
-33.8m

5. Put upward as positive.

(a) The time ¢ is
v=u-+at
1=10+(-10)¢
t=09s

(b) The time ¢ is
v=u-+tat

-1=10+(-10)¢

t=1.1s

Self Evaluation Exercise 2.5 (p.98)

1. D
When the man is rowing the boat across the river, the
resultant velocity v; is

= )\c\é +v, vo\E - <§v

When the man is rowing the boat down the stream, the
resultant velocity v, is
V2 =Vt Vi

As the distances travelled of the two cases are the same,
the ratio of #; : 1, is

51 =8
vihh =W b
h _W
t, V)

2
v, +v,)

VO, V)0 = v,)
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2.
100 m ~ —16kmh-
s 4ms-
NN OO g
,,,,, = NN
(a) The vertical component of the velocity of the
swimmer is
v, =vsin 8
=4 sin 30°
=2ms”
The time needed for the swimmer to cross the river
is
s
N =
<v\
- 100
2
=50s
(b) If the water is still, the distance s the swimmer
moves up the stream is
S=VX¢
=v(cos O)t
=4 cos 30° (50)
=173.21m
3. shortest
path  |«1.5 km-]
" i
L~ g
N “ e
2 km § ——= 2kmh-
' o8kmh
./
@ SN

The man should control his boat at an angle & which the
horizontal component of the velocity v, is just equal to
the water velocity.

2kmh~

Thus, the angle @is

cos 0= W
8

6=7552°

However, he chooses a wrong direction 8’, and reaches
1.5 km downstream. :

v=8kmh~
<<
Q\
—\k
The relations between time ¢, v,, v, and v are
Q-v)t=15 ... (1
wit=2 (2)

Combine (1), (2) and (3).
Q-2 =15
v

y

(@) ()= 1.5

=15
AIEV -15
64—v’
6.25v,> — 16v, — 128 =
v, =598 ms”
Thus, the angle 8’ is
cos §' = %
v
_ 598
8
=41.63°

The deviation A& of the chosen direction from the
required one is
AG=6-6'
=75.52°-41.63°
=33.89°

4. When the man walks at 2 m s ', the rain strikes
vertically on him. When he increases velocity to 4 ms ™,
the rain strikes him at 45°.

2ms~ 4msT 2ms™!

T
|
t
i
|
i
i
1
1
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Thus, the velocity v of the rain is 3.
vcos 45° =2
v=2.83ms"
6=45°
5. 2v -V
train A - *“"  wanB

The relative velocity of B relative to 4 is —3v.
After 4 s, they pass each other. Thus the velocity v is
—3vt=gs
—39(4)=-120 — 100 4.
v=1833ms"
The velocity of 4 is 2v=2 x 18.33 =36.66 m s
The velocity of Bis—v=-18.33ms"'

Review Exercise 2 (p.101)

1. A
S =ut+ W i
> g
1
vo—g>0

2% 5.

The graph s against ¢ is a parabola which opens

upwards. Thus, 4 against 7 is a parabola opening

downwards.
2. B

Except at the moment of rebounce, the steel ball
undergoes a constant acceleration due to gravity. Each
time when the ball rebounds, it experiences an upward
force exerted by the table. Therefore, option B gives the | 6.
correct description by taking the downward
acceleration as positive.

The repulsive force that acts on the ball is getting
smaller because the collision is inelastic and the ball
hits the table with smaller momentum-each time.

~-20-

A

After the ball rebounds, it should reach a maximum
height before it falls back to the horizontal surface
again. At that moment, its velocity together with its
momentum and kinetic energy are zero. The curve
never reaches zero after the ball was released, so
options B, C and D are wrong.

In fact, due to the constant acceleration, each time
between the rebounds, the displacement-time graph
should be a parabola. By taking downward
displacement as positive, the graph gives the correct
description of displacement.

A
Consider the vector v in the diagram.

15ms™! v
moo Q

0] 5ms—  x |

|V]2=15%+ 15" =2 x 15 x 15 x cos 60°

V] =15ms™
The vectors form an equilateral triangle.
0= 180°—60° =120°

Vv =u? + 2as
v =107+ 2(1.6)(120)
y=2ms!

o Structured ,
/ ions

The acceleration a is
1
§= — Q%
2

160 = w@c%

(a)

a=32ms”
The final velocity v is
v=at
=32x10
=32ms™

(b)
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20

(i)
()

—20
© O

(ii)

(iif)

Let H = maximum height reached.

At the maximum height, v=0

Using v* = u* + 2as,
0=207-2x10xH

H=20m

Velocity

A

» Time

Neglecting air resistance, when the ball
moves upwards, the retardation is of
magnitude, g.
At the highest point, v = 0.
Usingv=u+at,

O=u—gt
. Time taken to reach the highest point is

With air resistance, the retardation a; of
the ball is greater than g, a; > g.
Time taken to reach the highest point is

NZIQAQ

q g
i.e., the time is shorter.

Without air resistance, the maximum height
reached (H) is given by

v =14+ 2as

0 =u*—2gH

g

2g

With air resistance, the new maximum height
is given by

>

2 2
H' = .N' < §|»
2a, 2g

i.e., the maximum height is lower.
C . 1
If there is air resistance, using s = 3 (utv)t,

for the upward motion, v = 0.
- 2H

u
For the downward motion,

t

m‘nwﬁo.rfv@

where vy = velocity of ball when it reaches the
hand again; 7, = time taken.

Magnitude of v, is less than that of u because
of energy loss due to friction.

=" > (v <uw)
L >t

12. Gmmsm VB4= Vg — Vy,
where vp4is the relative velocity of the car relative to

Nancy;
vpis the relative velocity of the car relative to
Alex;
v4is the relative velocity of Nancy relative to
Alex.

o vp=-70kmh and v,=52kmh™
vgg=—70-152

=-122kmh™

Thus, the car is moving at 122 km h™' due west as
measured by Nancy.

13. (a)

xkm ———]
:..:”_. m ‘

25kmh-""

40kmh-

At midnight

X km

At 6 pm, the train B is x km from the junction.
X= vt
=25x(12-6)
=150 km
The nearest distance to each other is where the
distances between the two trains and the junction
are the same.

- 22—

C. \fg

14. (a) Trains R and ¥ do not stop at intermediate stations.

junction
25kmh-
mu
~LAj Tosii
P=0
<mN‘H<m~:
NuHNSAEv
25
P=16(150-P) (P=0Q)
2.6P =240
P=9231km
The time is ¢'= P23 231h

vy 40

The trains are the closest at 8 : 31 pm.

verseas & HKALE

(b) Conventional time-table for train U:

(©)

(@

Station H departure time 0824 hr
Station £ arrival time 0902 hr

departure time 0908 hr
Station 4 arrival time 0946 hr

Average speed of train U over entire journey,

Distance HA
Time HA

80.0
82

60
58.54kmh™
Train U is moving at the maximum speed
between stations £ and D.
Maximum speed,
_ Distance ED

Vinax =
Time ED
12
70
60
=102.86 km h™

y =

I

(¢) One possible reason, why all trains from D to E go
slowly but trains from E to D go quickly, is that
from D to E the track has an upward gradient (or
downwards from E to D).

® O
(i)

(® O
(i)

Distance from A/ km

0800 hr

15. (@) a=

Assume that the trains have approximately
the same power and the same mass.

Tracks are flat if travelling times in opposite
directions are approximately equal.

Thus, tracks are flat from 4 to C and from E to
H, and have an upward gradient from C to E.
Sketch conclusion:

-~

l I T

T i
A BZC F G H

T i
D E

In relation to speed, one idealized aspect is
that trains could maintain a constant speed
between stations.

In relation to acceleration, one idealized
aspect is that trains could accelerate from
zero speed to the required travelling speed
and vice versa immediately.

il

S . g
0900 hr 1000 hr 1100 hr

L
1200 hr
noan

v—u
t

(b) Distance travelled,

N

area under velocity-time graph
1

— (vt+tu)t
5 (v+u)

From (a),

vV—u

Substitute ¢ into (1):

S =

—23-

~ <I§ <|§
— (v+u) S S
2 a 2a
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16. (a) Velocity is the rate of change of displacement with
respect to time.
Acceleration is the rate of change of velocity with
respect to time.
(b) Consider a body P moving with uniform
acceleration in a straight line.

T 0O

Its position at any instant of time # can be specified
by its distance s measured from some reference
point O fixed on the line.

Ifits velocity at O is u and its velocity at time 7 1s v,
the velocity-time graph is a straight-line graph as
shown:

Velocity

Time

_ 24 _

(©

(i) By definition, acceleration of P,

a = Rate of change of velocity with time
Slope of v-f graph
v—u

14
Loov=utat (1)

(i) The displacement of P,

s = Area under v-7 graph

v=utat

Substitute (3) into (2):
V—u

1
—(v+
S N? u)

a
v: —u
2a
sV =u’+2as
The condition necessary for these two
equations to be applicable is constant
acceleration a.
v =u? + 2as
Minimum distance of nest above ground:
2 2

v —-u
2a

9.0% - 02
2x9.8

413 m




