Part 1 Mechanics

5 Circular Motion

Self Evaluation Exercise 5.1 (p.169)

1. A
. Angl
Angular velocity = E
Time taken
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2. A
Let @ be the constant angular velocity of the disc, we
obtain
v
— = @ = constant
-
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3. B

The minute hand completes one revolution in 60
minutes. Hence, its mean angular speed is
2z
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Self Evaluation Exercise 5.2 (p.176)
1. C
Centripetal acceleration
a=ra
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Resultant force, F = mra’
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=mr
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3. D
The forces acting on the mass is:
Tsing
T
0 N
mg-t---- el O Tcosf=F
mg mg
where  T'is the tension in the string,
m is the mass of the body,
g is the acceleration of gravity.
Hence, vertical forces are balanced. F= T cos@1is the
resultant centripetal force to keep the body in the
circular motion in the horizontal plane.
4. C
5. C
6. A
7. (a)

The vertical component of the tension 7 balances
the weight of the mass. The horizontal component
of the tension T provides the centripetal
acceleration.

T cos@=mg

2
my

Tsinf=

v

sin@= 049 , 8=23.58°
1.0
Thus, the centripetal force F, is
2
2 = Tsing
r

mg
cos &

x sinf  (from (1))

= mg tanf
=0.50 x 10 x tan 23.58°
=2.18N
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The vertical component of R is equal to the weight

mg.
R cos@=mg
Thus, the relation of angle & and velocity v
becomes ,
2
tanf= ——
rg

If the speed of the car is 25 m s, the banking
angle @should be
25°
230x10
15.20°

tan@

7

centre of
gravity

R = normal reaction
mg = weight of the cyclist and the bicycle
f= frictional force
(b) The normal reaction acts vertically upwards and
balances the weight. The frictional force acts
horizontally to provide centripetal acceleration.
R=mg ... (hH

= 2)

N\
The frictional force fexterted by the road when the

cyclist rounds a corner of 17.0 m with speed at
-1

11ms ' is
§<m
By (2), f=
-
_ 35x11°
17.0
=249.12 N
(©)
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To prevent toppling, the total moment about the
centre of gravity should be zero. Thus

fh=Ra
Thus, the angle to the vertical, &should be
tanf= <
h
tanf = L
R
2
my
=L (By (1) and (2))
mg
_v
gr
_ 1
10x17.0
6@ =35.44°

Self Evaluation Exercise 5.4 (.184)
1. C

The vertical component of force F is used to balance the
weight of the aircraft. And the horizontal component of
the force F is used as a centripetal force to change the
direction of the aircraft. Then the aircraft can travel
around the centre Q.

2. (a)
The lifting force L balances the weight mg and
provides centripetal acceleration.
The relations are
Lcosb=mg ... (D
2
Lsing=F,= 2~ .. @)
r
The angle @ from the horizontal is
my’
(2. Lsinf _
- L cos@ mg
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2

tan@= Y

gr

Ammoxw oooVM
60x 60

10x1200

=0.50
6=126.75°
(b) From the answer obtained in part (a), the angle &

depends on velocity v and turning radius 7, i.e.

2
v

tand = —
W\

2
0 =tan'( r )
gr
Thus, it is independent of the weight of the aircraft.

Self Evaluation Exercise 5.5 (p.188)
1. (a)

mg

When the bucket is whirling, the weight of water
and the normal reaction on water provide the
centripetal acceleration of water.

2
my

mg+R= "

If R =0, only the weight of water provides its
centripetal acceleration. Thus, the speed of the
bucket is the minimum at the highest point where
the water does not spill out.

2
my

§%“I
r

The speed v of bucket is
2
mg="——
r

V=
Vv10x1.2

=346ms”

(b)
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(b)

When the bucket is at the lowest position, the
normal reaction R balances the weight and
provides the centripetal acceleration.
2
R=mg+ —
P
If the bucket moves with minimum speed and the
speed is constant throughout the cycle, R is
2

R=mg+ my
B
2
~05%104+ 0.5x3.46
1.2
=999 N
27

The angular speed of the rider is @ = 32

=1.96 rad s™' at the bottom of the circle, the force
by the structure F balances the weight mg, and
provides the centripetal force F..

H§%+§§m
=63 x10+63 x 6.6 x 1.96
=222734N

At the top of the circle, the force by the structure F
and the weight mg provide the centripetal force F..
F+mg=F,

Thus, the force by structure, F is
F=F,—-mg
= mra’ —mg
=63 x 6.6 x 1.96" - 63 x 10
=967.34 N
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(©
3. The mass can stay on the top of the turntable because
the friction between the mass and the turntable is
sufficient for the centripetal acceleration of the mass.
But when the distance from the axis is more than 5 cm,
the maximum friction is not enough for the change of
i} S - velocity of the mass.
When the rider is half way up, the force by
structure F points radially inwards and the weight
is vertically downwards. Thus, only the force by
structure /' contributes the centripetal acceleration.
Thus, the force by structure F
F=F,
= mra
=63 % 6.6 x 1.96°
=159734N /\
2 rpm
. . The frictional force fis
Review Exercise 5 (p.195) f= s\em
2
A. eMuttiple Choice —0.05 % 0.05 x | 2227
=/ QJuestions 60

=1.10x 10*N
1. D
4.
From the diagram, we obtain o
mr*
tang = ——
mg
_or
g
2. A From the diagram, we obtain

The outward force P is not a real force. It is a frictional Lsinf = mre/
force. Only normal reaction, friction and weight act on Lcos@=w
the motorcycle. 6= cos”! w
The motorcyclist must make a small angle to the T - cos N
horizontal to balance the moment by the friction and then
prevent toppling. I sind = ma

L sin | cos™ 71| -= N\,m

L g
w
L sin | cos™| —
¢ ﬁ L w
a=
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(b)

(©)

(@)

Thus, the centripetal force F' can be written as

pom
r
_m (2
r\ T
_Axtmr
-
The experiment would be carried out as follows:
hollow
tube
-

iron
washers

Mg
As the pendulum rotates, the tension of the string 7'
is equal to the mass of the iron washers Mg.
The centripetal force F' required for the pendulum
is provided by the horizontal component of the
tension 7.
F=mra’=Tsind
In the experiment, the number of rotation per
certain time, (e.g. 1 min) is counted. Then, the
number of rotation per second, » can be obtained.
The relationship between the centripetal force F
and the period T'is
F =mra®
=mr 2rn)
=4 7’n*mr
4’ mr 1
= T
(i) The magnitude of the centripetal force F is

2
my
Nﬂ“

v

2
800 x >
100
=1800N

(ii) The centripetal force is provided by the static

frictional force between the wheels and the

ground.
For a car moving around a curve on a horizontal
surface, the centripetal force F' is provided by the
static friction.

F=f

— 42 -

If the road is banked, the normal force R is at right
angle of the surface. The horizontal component of
the normal reaction R provides the centripetal
force instead of the friction.

F=Rsind
If the speed of the car is too high, friction points
down along the road surface and prevents the car
from sliding. This allows the car to move around a
curve with higher speed than the horizontal one.
Therefore, the banked road design is safer.

(a) Sketch a body travelling at a constant speed in a

circular path:
N direction of
travel

v direction of
A . /
. moom_m«mzos\

(i) The direction of its velocity is changing
continuously.

The body must therefore have an
acceleration.

(ii) The direction of the acceleration is
perpendicular to the direction of travel, and is
pointing towards the centre of the circular
path.

(b) (i) Atmaximum speedv=25ms",

centripetal force = 0.8W
2

— =0.8mg
-



