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(@) (i) Define the radian.
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Answer all the questions in the spaces provided.

{b) Two cars are moving around a horizontal circular track. One car follows path X and the other
follows path ¥, as shown in Fig. 1.1.

start and finish line

track

path X

Fig. 1.1 (not to scale)

The radius of path X is 318m. Path ¥ is parallel fo, and 27 m outside, path X. Both cars have

mass J90kg. The maxmum lateral (sideways) friction force F that the cars can experience
without sliding is the same for both cars.

(i} The maximum speed at which the car on path X can move around the track without
shiding is 94ms™".

Calculate F.
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(ii) Both cars move around the track. Each car has the maximum speed at which it can
move without sliding.

Complete Table 1.1, by placing one tick in each row, to indicate how the guantities
indicated for the car on path ¥ compare with the car on path X.

Table 1.1

¥ less than X Y same as X | Y greater than X
centripetal
acceleration

maximum speed

time taken for one lap
of the track (;\‘\

Np

[3]
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A particle of mass 2kg is attached to a light inextensible string of length 50cm. The other end of the
string is attached to a fixed point A. The particle moves with a constant angular speed in a horizontal

circle of radius 40cm. The center of the circle is vertically below A. Calculate the tension in the string
and the angular speed of the particle.
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(a) Define the radian.

904\6 R

(b) A telescope gives a clear view of a distant object when the angular displacement between the
edges of the object is at least 9.7 x 10-%rad.

(i) The Moon is approximately 3.8 x 10°km from Earth.
Estimate the minimum diameter of a circular crater on the Moon's surface that can be

seen using the telescope.

diameter = ................ S ‘7 ....................... km [2]

(ii) Suggest why craters of the same diameter as that calculated in (i) but on the surface of
Mars are not visible using this telescope.
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2 A large bowl is made from part of a hollow sphere.

A small spherical ball is placed inside the bowl and is given a horizontal speed. The ball follows a
horizontal circular path of constant radius, as shown in Fig. 2.1.

ball

Fig. 2.1

The forces acting on the ball are its weight W and the normal reaction force R of the bowl on the
ball, as shown in Fig. 2.2.
w0
RS\ =

wall of
bowl

Fig. 2.2

The normal reaction force R is at an angle & to the horizontal.

(a) (i) By resolving the reaction force R into two perpendicular components, show that the
resultant force F acting on the ball is given by the expression

W = Ftanég.
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(ii) State the significance of the force F for the motion of the ball in the bowi.
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(b) The ball moves in a circular path of radius 14 cm. For this radius, the angle #is 28°.
L &
Calculate the speed of the ball.
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(a) (i) Define the radian.
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(b) A horizontal flat plate is free to rotate about a vertical axis through its centre, as shown

TR e sl ) B b d ,
W%cf’c-ﬁ ..... 3‘“@- ..... 7 C\WJWtfﬂQN& ........................... Gt

plate

(ii) A small mass is attached to a string. The mass is rotating about a fixed point P at
constant speed, as shown in Fig. 1.1.

mass rotating

at constant speed J
Fig.1.2

A small mass M is placed on the plate, a distance d from the axis of rotation.
The speed of rotation of the plate is gradually increased from zero until the mass is
seen to slide off the plate.

The maximum frictional force F between the plate and the mass is given by the
expression

Fig. 1.1
F=0.72W,
Explain what is meant by the angular speed about point P of the mass.

- 09 where Wis the weight of the mass M.
“’Q' f'&—e °)5 C&\"“\ & 68 oy 0\0"( 1S \0'\ ¢€/T’\@“\, % The distance dis 35cm.

/\’\*5\“‘ ......... WIS V@Sﬁeﬁy ..... }v ’["W\e ............................................. Determine the maximum number of revolutions of the plate per minute for the mass M to
remain on the plate. Explain your working(D
.............................................................................................................................. [2]
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(c) The plate in (b) is covered, when stationary, with mud.
Suggest and explain whether mud near the edge of the plate or near the centre will first
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(a) Explain

(i) whatis meant by a radian,

A2 Al @"\jﬂ\,
2]

(iiy why one complete revolution is equivalent to an angular displacement of 2r rad.

(b) An elastic cord has an unextended length of 13.0cm. One end of the cord is attached to
a fixed point C. A small mass of weight 5.0N is hung from the free end of the cord. The
cord extends to a length of 14.8cm., as shown in Fig. 1.1.

ct «c,\e, R7V1A

B \/\]': -
14.8cm ’\T‘SN S- M(ﬁ.g\\
Mm-S
S 24!

Fig.VSN

The cord and mass are now made to rotate at constant angular speed @ in a vertical

plane about point C. When the cord is vertical and above C, its length is the unextended
length of 13.0cm, as shown in Fig. 1.2.

T. Kee » S=K [(Hs;,\
K= 27773
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Fig. 1.2 Fig.13 |

(i) Show that the angular speed m of the cord and mass is 8.7 rads™".

[2]

(i) The cord and mass rotate so that the cord is vertically below C, as shown in
Fig. 1.3.

Calculate the length L of the cord, assuming it obeys Hooke's law.
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(e} The initial speed at which the car in (b) moves along the track is 3.8ms™.
w21 gp42 q1 : ‘ :

4 Determine whether the car is in contact with the track at point Y. Show your working.

b g oty R 5o KE, . GPE, +KE

(a) State what is meant by centripetal acceleration. E.—: R~ R

N aue&%ﬁ“e\'\ ..... S«et}eg\bww*&b ..... S’\%c&yu ..... M R= F-W _i_%(&%}": 7‘\(.‘-86(@7(\3)* %*“’

Answer all the questions in the spaces provided.
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{b) An unpowered toy car moves freely along a smooth track that is initially horizontal. The track N I‘;‘
contains a vertical circular loop around which the car travels, as shown in Fig. 1.1. v 3 ,.go% > J G &\ x 3% \D”“

62cm . Voo will lese STV IS8 > 1 7Th X 3]

(d) Suggest, with a reason but without calculation, whether your conclusion in {c) would be
different for a car of mass 460g moving with the same initial speed.

oop neyor me eoeds ok i eaubiont

toy car
mass 2309

track

M [Total: 8]

Fig. 1.1

The mass of the car is 230g and the diameter of the loop is 62cm. Assume that the resistive
forces acting on the car are negligible.

(i) State what happens to the magnitude of the centripetal fq]ﬂhrﬂiilﬂﬂ of the car as it
moves around th:.SlDDD fomXtoy KREY > =¥ -a



