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1 Atrolley moves down a slope, as shown in Fig. 4.1.

trolley

horizontal

Fig. 4.1
The slope makes an angle of 25° with the horizontal. A constant resistive force Fg acts up the
slope on the trolley.
At time t = 0, the trolley has velocity v = 0.50ms~! down the slope.
Attime t=4.0s, v = 12ms~! down the slope.

(@) (i) Show that the acceleration of the trolley down the slope is approximately 3ms2.

[2]

(ii) Calculate the distance x moved by the trolley down the slope from time t=0to t=4.0s.

(iii) On Fig. 4.2, sketch the variation with time t of distance x moved by the trolley.
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(b) The mass of the trolley is 2.0kg.

(i) Show that the component of the weight of the trolley down the slope is 8.3N.

[1]

(i) Calculate the resistive force Fg.
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2 Aballis thrown from A to B as shown in Fig. 2.1.

60°

Fig. 2.1

The ball is thrown with an initial velocity V at 60° to the horizontal.
The variation with time t of the vertical component V,, of the velocity of the ball from ¢ = 0 to
t=0.60s is shown in Fig. 2.2.
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Assume air resistance is negligible.

(@) (i) Complete Fig. 2.2 for the time until the ball reaches B. 2]

(ii) Calculate the maximum height reached by the ball.

(iii) Calculate the horizontal component V, of the velocity of the ball at time ¢ = 0.

V= s ms~[2]
(iv) On Fig. 2.2, sketch the variation with t of V,. Label this sketch V,. [1]
(b) The ball has mass 0.65kg.
Calculate, for the ball,
(i) the maximum kinetic energy,
maximum KinetiC €Nergy = ... J [3]

(i) the maximum potential energy above the ground.

maximum potential e_ner_gg/ ettt eeee et eeeee et eeeseerteerereraazereraiaaens J[2]
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3 (a) Explain what is meant by a scalar quantity and by a vector

scalar: ..ccoocceeeeeeeeeeennnee Lo UE=T o1 (11 /2SR

LY=L (o PRSP RP

[2]

(b) A ball leaves point P at the top of a cliff with a horizontal velocity of 15ms™', as shown in
Fig. 2.1.

ball

path of ball
25m

Fig. 2.1

The height of the cliff is 25m. The ball hits the ground at point Q.
Air resistance is negligible.

(i) Calculate the vertical velocity of the ball just before it makes impact with the ground at Q.

vertical VeIOCItY = .......cccceeveeeeeeceeeeeeceeee e, ms~' [2]

(i) Show that the time taken for the ball to fall to the ground is 2.3s.
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(iii) Calculate the magnitude of the displacement of the ball at point Q from point P.

displacement = ... m [4]

(iv) Explain why the distance travelled by the ball is different from the magnitude of the
displacement of the ball.
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4 (a) Thedrag force D on an object of cross-sectional area A, moving with a speed v through
a fluid of density p, is given by

D=~ CpAv?

1
2
where Cis a constant.

Show that C has no unit.

[2]
(b) A raindrop falls vertically from rest. Assume that air resistance is negligible.

(i) On Fig. 1.1, sketch a graph to show the variation with time t of the velocity v of the
raindrop for the first 1.0 s of the motion.
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Fig. 1.1
[1]

(ii) Calculate the velocity of the raindrop after falling 1000 m.

VelOCItY = .ooveeeieeeeece e ms~' [2]
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(c) In practice, air resistance on raindrops is not negligible because there is a drag force.
This drag force is given by the expression in (a).

(i) State an equation relating the forces acting on the raindrop when it is falling at
terminal velocity.

(1]
(i) The raindrop has mass 1.4 x 109kg and cross-sectional area 7.1 x 10°8m?2. The

density of the air is 1.2kgm™ and the initial velocity of the raindrop is zero. The
value of Cis 0.60.

1. Show that the terminal velocity of the raindrop is about 7ms™.

[2]

2. The raindrop reaches terminal velocity after falling approximately 10m. On
Fig. 1.1, sketch the variation with time t of velocity v for the raindrop. The sketch
should include the first 5s of the motion.

[2]
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5 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms~!. The
ball falls for a time of 1.51 s before hitting the ground. Air resistance is negligible.

(@) (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™".

[2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

distanCe = ....oovviiiiii m [2]

(b) The ball makes contact with the ground for 12.5ms and rebounds with an upwards
velocity of 18.6ms~'. The mass of the ball is 46.5¢.

(i) Calculate the average force acting on the ball on impact with the ground.

magnitude of force = ......cooviiiiiii N

direction Of fOrCe ...nnveeeeeee e

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
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6 A ballis thrown horizontally from the top of a building, as shown in Fig.

2.1.
8.2ms™!

—_—

Fig. 2.1
The ball is thrown with a horizontal speed of 8.2ms™'. The side of the building is vertical. At
point P on the path of the ball, the ball is distance x from the building and is moving at an
angle of 60° to the horizontal. Air resistance is negligible.

(a) For the ball at point P,

(i) show that the vertical component of its velocity is 14.2ms™",

[2]

(ii) determine the vertical distance through which the ball has fallen,

distanCe = ...oooeviiiiiin m [2]
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(iii) determine the horizontal distance x.

(b) The path of the ball in (a), with an initial horizontal speed of 8.2ms~!, is shown again in
Fig. 2.2.

8.2ms™!

—_—

Fig. 2.2
On Fig. 2.2, sketch the new path of the ball for the ball having an initial horizontal
speed
(i) greater than 8.2ms~" and with negligible air resistance (label this path G), [2]
(ii) equal to 8.2ms™" but with air resistance (label this path A). [2]
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7  Aballis thrown from a point P, which is at ground level, as illustrated in Fig. 2.1.

wall

path of ball &

Fig. 2.1
The initial velocity of the ball is 12.4ms™" at an angle of 36° to the horizontal.
The ball just passes over a wall of height h. The ball reaches the wall 0.17 s after it has been
thrown.

(@) Assuming air resistance to be negligible, calculate

(i) the horizontal distance of point P from the wall,

distanCe = ..o m [2]
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(if) the height h of the wall.

(b) A second ball is thrown from point P with the same velocity as the ball in (a). For this
ball, air resistance is not negligible.
This ball hits the wall and rebounds.

On Fig. 2.1, sketch the path of this ball between point P and the point where it first hits
the ground. [2]
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