Immanuel Lutheran College S.6 Physics (A-Level)  Exercise on circular motion (Beyond 2000 p.77-80)
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A small object of mass 60 g is placed at a distance of 5.0 cm from a gramophone
record which rotates at 33.3 rev per min.

(a) What is the static friction between the object and the record surface?

(b) How much work is done by (or against) the friction per second?

The bob of a simple pendulum of length 0.80 m is pulled to one side so that it is at
a vertical height of 40 mm above its lowest point. The bob is released. At the
lowest point,

(a) calculate the speed of the bob,

(b) draw a diagram showing the resultant force acting on the bob, and

(c) find the tension in the string if the mass of the bob is 20 g.

If the coefficient of static friction for tyres on a road is 0.25, what maximum speed
can a car round a level corner without slipping. The radius of curvature of the
corner is 43 m.

A small coin is placed on a turntable revolving at a steady rate of 1.2 Hz. It is
found that the coin will remain in position if it is placed less than 10 cm from the
axis of rotation. If it is more than 10 cm away, the coin will slide off the turn-table.
Determine the coefficient of static friction between the coin and the table.

A circular track of radius of curvature 150 m is designed for traffic moving at
70 km h-'. What is the correct angle of banking of the road?

A conical pendulum is formed by attaching a
100 g mass to a 1.2 m string. The mass swings

around a circle of radius 30 cm. Calculate %

(a) the angular velocity of the mass, and 2

(b) the tension in the string. : \
¢ ! y
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A 0.20 kg mass on a smooth table is attached to

a 0.40 kg mass hung by a cord through a hole in

the table. The mass on the table is set to move in

a circular path of radius 0.60 m at speed v.

(a) Find the value of v for the hanging mass to
stay at rest.

(b) If the value of v decreases, what would
happen to the two masses?

0.2kg
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A person can be suspended against the inside of
a rotating cylindrical room without standing on
the floor. Determine the minimum coefficient of
static friction between the person and the wall,
if the radius of the cylinder is 2.0 m and the
linear speed of the person is 8.0 m s

In the hydrogen atom, an electron of mass 9.0 x 103! kg orbits round the nucleus
at a distance of 5.0 x 10" m. The nucleus exerts a force of 1.0 x 107 N on the
electron. Find the period of rotation of the electron.

A jet of water strikes a piece of metal in the
shape of a circular arc, and its path is turned
through 15°. The water is moving at 20 ms™
and is not slowed down by the metal. If the flow
rate is 10 kg s”!, determine the force exerted by
the water on the metal.

An airplane is flying in a horizontal circle at a
constant speed of 450 km h'! with its wings tilted
at an angle of 40° to the horizontal. What is the
radius of the circle in which the plane is flying?

A marble is set spinning round the inside of a
smooth cone whose sides slope at an angle of 60°
to the horizontal. The marble rotates steadily in a
horizontal circle of radius 80 mm. What is the
frequency of rotation?

A bicyclist travels in a circle of radius 25 m at a constant speed of 10 m 5. The
combined mass of the bicycle and the rider is 90 kg. Calculate

(a) the force of friction exerted by the road,

(b) the total force exerted by the road and

(c) the angle of inclination of the bicycle to the vertical.
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A horizontal bar of length 3.0 m carries two
spheres each of mass 80 g by two strings each
of length 1.0 m attached. As the bar is set to
rotate at an angular velocity of 47 rad s™', the
strings incline to the vertical at 30° as shown.
Determine

(a) the tension in the string, and

(b) angular velocity of the bar.

An object of mass 25 g is hung from a string PQ

vertically below a point on the rim of a turntable, —
whose radius is 0.40 m. As the speed of the P

turntable increases, PQ is kept vertical by another

string RS which is attached to the object at one

end and held fixed at the other end vertically 2a R

below the centre of the turntable. If the turntable 45

is rotating at a rate of 2.0 rev s, calculate the s
tensions in

(a) PQ,and

(b) RS.

A road over a bridge has the form of a vertical
circular arc of radius 20 m. What is the greatest
speed at which a car can cross the bridge without
leaving the ground at the crest of the road?

A student of mass 40 kg stands on a weighing scale inside a rotating Ferris wheel,
which performs 2 revolutions per minute. The path is a vertical circle of radius
10 m. Determine the apparent weight of the student inside the wheel

(a) at the highest point, and

(b) at the lowest point.

A 50 g mass attached to one end of a string is set to perform circular motion in a
vertical plane at a constant speed 6.0 ms”'. The radius of the circular path is
1.8 m. Determine the tension in the string, when

(a) the mass is at the highest position,

(b) the mass is at the lowest position,

(c) the string is horizontal
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A string can withstand a maximum tension of 40 N. A stone of mass 0.80 kg is tied
to one end of the string and is whirled in a vertical circle of radius 1.2 m. The

speed of the stone is slowly increasing until the string breaks.
(a) Where is the stone on its path when the string breaks?

(b) What is the speed of the stone as the string breaks?

A stone of mass 20 g at the lower end of a string

of length 1.2 m is projected with an initial speed

of 9.0 m s,

(a) Show that the stone can perform circular
mation in a vertical plane.

(b) Find the critical projection speed below
which the string would become slack at the
highest position.

A block slides along the smooth loop-the-loop
track. The radius of the circular portion of the
track is 1.0 m. Determine the height above the
bottom of the track the block should be released
so that it will not lose contact with the track at
the top of the loop.

A ball is attached to the end of a light rod of length
1.2 m. The other end of the rod is pivoted so that the
ball can move in a vertical circle. The rod is pulled
aside to the horizontal and given a downward push.
The rod swings down and just reaches the vertically
upward position.
(a) What is the initial speed imparted to the ball?
(b) At the lowest point the force inside the rod is
tension, while at the highest point the force is
compression. What is the angular position at
which tension of the rod changes to
compression?

A stone is placed on the top of a smooth fixed
cylinder whose axis is horizontal. The stone is given
a very small push and starts sliding down the
cylinder. Show that the stone will leave the cylinder

when its angular displacement is cos™(2/3).
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