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s16 qp12 q18

18 An escalator in an underground station has 250 people standing on it and is moving with a
velocity of 4.3ms™". The average mass of a person is 78kg and the angle of the escalator to the
horizontal is 40°. corsk v

What is the minimum power required to lift these people?

© 530kwW

A 54kW B 64kW D 630kW
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16 An aircraft travels at a constant velocity of 90ms™ in horizontal flight. The diagram shows some
of the forces acting on the aircraft.

drag

_ 24N
2MO0N thrust = 2100

weight
P: LX \3

The mass of the aircraft is 2000 kg.

What is the power produced by the thrust force?
A 18x10°W 22x10°W € 18x10°W D 2.0x10°W

m17 qp12 q19 JETRE

19 A car of mass 1400kg is travelling on a straight, horizontal road at a constant speed of 25ms .
The output power from the car's engine is 30kW.

The car then travels up a slope at 2° to the horizontal, maintaining the same constant speed.

,,%g\*\@ 25ms™

What is the output power of the car's engine when travelling up the slope?

A 12kW B 31kW ® 42kw D 65kW
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A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0s to
the slope.
The variation with time ¢ of the speed v of the cyclist is shown in Fig. 3.1.
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Fig. 3.1

{a) Use Fig. 3.1 to determine the total distance moved up the slope.

L\\’@a_ m\b Y. \’\*
(o xM;{ 3

climb

{b) The bicycle and cyclist have a combined mass of 92kg.
The vertical height through which the cyclist moves is 1.3m.

(i) Forthe movement of the bicycle and cyclist between t=0 and {= 8.05,

1. use Fig. 3.1 to calculate the change in kinetic energy,

A =g
ALE - Lm(«l—@ ‘
2
= \/ quﬁ é)" éI;}
2
change = lzb\oJ 2]
2. calculate the change in gravitational potential energy.
N
d @)'3 (4 39(\ ’5>
= \73
change = *”70 ............................ J [2]
(i) The cyclist pedals continuously so that the useful power delivered to the bicycle

is TSW.
Calculate the useful work done by the cyclist climbing up the slope.

AN 75, AR
¥ 6 - w

work done = éOO ............................ J [2]

{¢) Some energy is used in overcoming frictional forces.

(i) Use your answers in (b) to show that the total energy converted in overcoming
frictional forces is approximately 670.J.

Eingot = BT
AGE & Ne - AGPE +~ R,
Do +60o = N1 To + Wy
We, = 670

[1]

(ii) Determine the average magnitude of the frictional forces.

N(_{ = ;vﬂs

—

é7e= = \’( X 50(
éjo - ?J = \72
3%
average force = ....... \7 ................................ N [1]

(d) Suggest why the magnitude of the total resistive force would not be constant.
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(a) Distinguish between grallr'r'!aﬁﬂna.f potential Enf.'rg].r and electric potential energy.

{b) A body of mass m moves vertically through a distance b near the Earth's surface. Use
the defining equation for work done to derive an expression for the gravitational potential
energy change of the body.

I/\): pxs = N W =S N\d\'\. = C‘{‘PE
N 'i/lw

2]

{c¢) Water flows down a stream from a reservoir and then causes a water wheel to rotate, as
shown in Fig. 4.1.

resenvoir _/’!

stream

120m

water wheel

Fig. 4.1

As the water falls through a vertical height of 120m, gravitational potential energy is
converted to different forms of energy, including kinetic energy of the water. At the water

wheel, the kinetic energy of the water is only 10% of its gravitational potential energy at
the reservoir.

(i) Show that the speed of the water as it reaches the wheel is 15ms™",
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(iif) The rotating water wheel is used to produce 110kW of electrical power. Calculate
the mass of water flowing per second through the wheel, assuming that the
production of electric energy from the kinetic energy of the water is 25% efficient.

rL._:_ uxﬁ,\ Povie! ou“'?\)\_ x\oo = 2S o K\og « Voo
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P
mass of water per second = ......... "5700 .............. kgs™[3]
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(a) Explain what is meant by

(i) work done,

(b) A leisure-park ride consists of a carriage that moves along a railed track. Part of the track lies
in a vertical plane and follows an arc XY of a circle of radius 13m, as shnwn in Fig. 2.1.
\2 "y

carriage

mass 580 kg track

Fig. 2.1

The mass of the carriage is 580 kg. At point X, the carriage has velocity 22m s~ in a horizontal
direction. The velocity of the carriage then decreases to 12ms™ in a vertical direction at
point Y.

(i} Forthe carriage moving from X to Y

1. show that the decrease in kinetic energy is 9.9 x 10%

ARE- %—w{f——v}t \quxoxf\), ),2>

- —-9Q6Gss
= a2\t 2]

2. calculate the gain in gravitational potential energy.

AC; PE - W\JN’\/ SZoxA.8(x |3
L
Thmo [/ TH R\

(i) Show that the length of the track from X to Y is 20m.

__l_xzﬂ—’f = L 12T« VY - 2o
4 X

st 5=¢0O = Gg(ﬂ% 1]

(iii) Use your answers in (b)({i) and (b)(ii) to calculate the average resistive force acting on
the carriage as it moves from X to Y.

‘E;“()u\': Eo)‘?l.)\’ N(( *<
KE_- GPE+ Wg,

A Clslo! -I/\)p‘, e 7.11\(\0'1

= F( XS
1sx\ s B e

120 _

N (7 =25 %\OR
resistive force = \ )»S © N [2]

(iv) Describe the change in the direction of the linear momentum of the camriage as it moves
fromXtoY.

’(/l«(_ \iveey Nov*\e/&'um Cf\'\ﬂ\ ?9 Q(pw/\ A o~(|

9. (&\VCL}}_QTYK ........................................ 1]

(v} Determine the magnitude of the change in linear momentum when the carriage moves
from X to Y.

N\

Q SSox D R - j@%o ;Q)% 4_(330 XT),X?_
RS

\A

S <22 =

change inmomentum = ... S, Ns [3]

[Total: 13]
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{(b) A ball of mass 0.42kg is dropped from the top of a building. The ball falls from rest through
a vertical distance of 78m to the ground. Air resistance is significant so that the ball reaches
constant (terminal) velocity before hitting the ground. The ball hits the ground with a speed

-
of 23ms. Np \'M&

(i) Calculate, for the ball falling from the top of the building to the ground:

1. the decrease in gravitational potential energy

AGPE = Ak
o”‘n_,( a.8\ x 73

:_ 51N
o

decrease in gravitational potential energy = ... A

2. the increase in kinetic energy.

AF\—E = é—v'\\r’_
) 030

=1«
2

- \(O

increase in kinetic energy = ............. \l S e b |

(i) Use your answers in (b){i) to determine the average resistive force acting on the ball as
it falls from the top of the building to the ground.

€ v E"J\-t‘;\- (’\JF( = Frxcg
ACL P E-Wg, = . —
C. P E-Wg, | NS No = TR
o -Wg = llo
f=2T
"\)c, - 2o
average resistive force = 2'7 .............................. N [2]

{€) The ball in (b} is dropped at time t = 0 and hits the ground at time ¢ = T. The acceleration of
free fall is g.

On Fig. 3.1, sketch a line to show the vanation of the acceleration a of the ball with time f from
timet=0tot=T.

Fig. 3.1
[2]

[Total: 9]
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