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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

c=3.00x108 ms™
po = 4w x 107" Hm™!
€, = 8.85x 10~12 Fm~
e=1.60x10"19C
h=6.63x10"34Js
u=1.66x 10727 kg

m, =9.11 x 10781 kg
m, = 1.67 x 107%" kg
R =8.31 JK~ mol-
N, = 6.02 x 1023 mol~"
G=6.67x10"" Nm?2kg—=2

g=9.81ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,

current,

nuclear radius,

sound intensity level,

]
s = ut+3sat?

v2 = u?2+2as

sinC
1o 1
c ',
C=Ci+Cy+
p= %N—"/n<02>
X = X,eM
. _ 0.603
EAR'S
3H2
Po = 8nG
V2
= \/ (1 - —C—z-
I = nAve
r=r,A'3
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Answer all the questions.
1 (a) (i) Define speed.

.................................................................................................................................

.................................................................................................................................

(b) Fig. 1.1 shows a fairground big wheel. The wheel is rotating in a vertical plane and
carriages travel round a circle of diameter 40m at a constant speed. The carriages
complete one revolution in 3.5 minutes.

Y

40m

X

Fig. 1.1

(i) A carriage moves half a revolution from X to Y. Calculate

1. the speed of the carriage
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2. the magnitude of the average velocity of the carriage.

magnitude of the average velocity = ................ceevee. ms™

[4]
(ii) The carriage in (b)(i) returns to point X. Calculate, for the complete revolution,

1. the speed of the carriage

8peed = ..ocvviiiieeiiieins ms™
2. the average velocity of the carriage.
average velocity = .......cc.euieeenieennen. ms™!
Comment on your answer.
............................................................................................................................ [3]

(c) Describe how the instantaneous velocity of the carriage at Y differs from the average
velocity of the carriage after travelling from X to Y.

........................................................................................................................................
........................................................................................................................................

................................................................................................................................... [3]
[Total: 14]
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2 (a) Aplane has an air speed of 240kmh~" due north. A wind is blowing at 90 km h~! from
east to west. Use a vector triangle to calculate the resultant velocity of the plane.

velocity = .....cocevvieininnnnnn, ms™,

direction with respectto north = ..............c...c.....

(b) The plane flies under these conditions for 10 minutes. Calculate the component of the
displacement

1. due north,

displacement =............cc.evennen. km

2. due west.
displacement = ...........ccceeieninn km
[2]

[Total: 6]
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3 (a) Define acceleration.
................................................................................................................................... 1]
(b) Fig. 3.1 shows the variation of the velocity v, with the time ¢, of a train as it travels from
one station to the next. The mass of the train is 105 tonnes.
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Fig. 3.1
(i) Use Fig. 3.1 to calculate the acceleration of the train in the first 10.0s.
acceleration = ........ceeevuveinnnens ms=2 [2]
(ii) Calculate the resultant force acting on the train during the first 10.0s
resultant force = ........ccoveiiinnnn. N [2]
[Turn over
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(iii) Use Fig. 3.1 to calculate the distance between the two stations.

distance = .......cocvvvinenen.. m [3]

(c) When travelling at a constant velocity of 18 ms~ the engine of the train provides
225 kW of motive power. Calculate the driving force acting on the train.

driving force = ......cooveiiniinennnn. N [2]

(d) Explain why the train would reach a maximum constant velocity when the engine is
supplying full power.

........................................................................................................................................

[Total: 12]
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(a) Define density.

........................................................................................................................................

(b) Fig. 4.1 shows a swimming pool with a base of surface area 80 m2. The pool contains
water of density 1000 kgm~2 to a uniform depth of 1.2m.

depth 1.2m

surface area 80m?
depth 1.2m

Fig. 4.1

(i) Show that the weight of water in the pool is 9.4 x 10°N.

[2]

(if) Calculate the pressure exerted on the base of the pool by the water.

Pressure = ......vevenns unit ...l [3]
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(c) Asecond pool, of base area 40m?, has water of the same density and depth as that in
the pool in part (b). Determine the pressure of the water on the base of this pool.

pressure = ...

Comment on your answetr.

........................................................................................................................................

[Total: 8]

A ski jumper skis down a runway and projects himself into the air, landing on the ground a
short time later. The mass of the ski jumper and his equipment is 80 kg. Fig. 5.1 shows the
skier just before he leaves the runway where his velocity is 20 m s~ in a horizontal direction.

Fig. 5.1

(a) The skier lands 4.0s after leaving the runway. Assume that only a gravitational force
acts on the skier. Calculate

(i) the horizontal distance travelled by the skier in 4.0s

horizontal distance = ...........cceceenn.ee. m [1]
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(ii) the vertical fall of the skier in this 4.0s

vertical fall = ...........cccoevininne m [3]

(iii) the horizontal component of the skier’s velocity immediately before he lands

horizontal component = .........ccccceuveunneen. ms~! [1]

(iv) the vertical component of the skier’s velocity immediately before he lands.

vertical component = .........c.coeeeeneennn. ms~ [2]
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(b) (In this question, marks are available for the quality of written communication.)
Take all the forces that act on the skier into account.

(i) State the forces that act on the skier when he is in the air.

(i) Discuss the energy changes that occur as the skier travels down the runway and
explain how the skier attempts to increase the horizontal distance he travels
before landing on the ground.

.................................................................................................................................
.................................................................................................................................

[7]
[Total: 16]
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6 (a) (i) Define moment of a force about a point.

.................................................................................................................................

............................................................................................................................ [3]
(b) Fig. 6.1 shows the steering wheel of a car being acted on by two equal forces.
25N
30cm
25N
Fig. 6.1
(i) Calculate the torque acting on the wheel due to these forces.
torque ...cooiiiiiieinnns unit ............ [2]

(ii) Explain whether the steering wheel is in equilibrium when subjected to these two
forces only.

[Total: 7]
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(a) Define the Young modulus of a material.

........................................................................................................................................

........................................................................................................................................

(b) A metal wire of length 1.80m is clamped vertically and a load is applied so that it
extends 0.55 mm. The cross-sectional area of the wire is 1.2 x 107" m? and the Young
modulus of the metal is 2.0 x 10" Pa.

(i) Calculate the strain.

strain = oovvvvviiiiiii e

(ii) Calculate the force applied.

force = oo N

[4]
(c) (i) Determine the extension produced on a second metal wire that has the same

dimensions as the wire in part (b), has the same load applied but is made from a
material that has half the Young modulus value.

extension = .....ooiiiiiiiniiinn. .. mm

(ii) State one assumption made.

.................................................................................................................................

............................................................................................................................ [3]
[Total: 9]
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(a) A car of total mass 800Kkg is travelling along a level road at 25m s~1. The thinking time

15

of the driver is 0.65s and the braking distance for the car travelling at this speed is
40 m.

(i) Calculate the overall stopping distance.

stopping distance = .........oceeeeennnn. m

(ii) Calculate the kinetic energy of the car before the brakes are applied.

kinetic energy = ......coooiiieiinnnn. J

(iii) Calculate the average braking force of the car.

braking force = ......coveiiiiiiinnnns N

[7]
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(b) Explain why the following factors affect the stopping distance of a car.
(In this question, marks are available for the quality of written communication.)

(i) a wet road

(ii) tyre tread

.................................................................................................................................

[Total: 14]

Quality of Written Communication [4]

OCR has made every effort to trace the copyright holders of items used in this Question paper, but if we have
inadvertently overlooked any, we apologise.
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