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Data

speed of light in free space, c=23.00x108 ms1
permeability of free space, Mo = 4w x 1077 Hm™
permittivity of free space, € =8.85x10""2Fm™
elementary charge, e=1.60x10"1°C
the Planck constant, h=6.63x1034Js
unified atomic mass constant, u=166x10"27kg
rest mass of electron, m, =9.11x1073" kg
rest mass of proton, m, = 1.67 x 10727 kg
molar gas constant, R =8.31 JK'mol
the Avogadro constant, N, = 6.02 x 1023 mol~"
gravitational constant, G=6.67x10""" Nm2kg—2
acceleration of free fall, g=981ms™2

2821 Jun04




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,

n=

sinC
1_1.,1
c C G
C=C,+GC,+
x = x,e~/CA

X = xe M
0693
2 A
3H,2
Po 8wG
V2
=\V(1-3)

I = nAve
r=r,A3
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Answer all the questions.

For
Examiner's
Use F.
1 (a) Explain the difference between a scalar and vector quantity, including one example of

each in your explanation.

(i) ascalar

[4]
(b) Fig. 1.1 shows the path of a car as it travels around a right-angled bend.
A
—>
25ms™!
Fig. 1.1
The car travels from point A to point B in 7.6 s at a constant speed of 25ms™.
(i) Calculate the distance the car travels in 7.6 s.
distance = ......cccciviiienninnenn. m [2]

(if) Draw a line on Fig. 1.1 to show the displacement of the car having travelled from
A to B. [1]
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(iii) Explain why the velocity of the car changes as it travels from A to B although the

speed remains constant. For

Examiner’s
Use

...................................................................................................................... veenee [2]

(iv) Using a labelled vector triangle, calculate the magnitude of the change in velocity
of the car (velocity at B — velocity at A).

magnitude of velocity change = ............. S ms™! [4]

(v) State and explain whether the car is accelerating as it travels around the bend
from A io B.

[Total: 15]
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2 (a) Explain the quantities
For

(i) gravitational potential energy Exazriner’s
se

............................................................................................................................ 2]
(ii) kinetic energy

............................................................................................................................ 2]
(iii) power.

............................................................................................................................ [1]

(b) Water leaves a reservoir and falls through a vertical height of 130 m and causes a
water wheel to rotate. The rotating wheel is then used to produce 110kW of electrical
power.

(i) Calculate the velocity of the water as it reaches the wheel, assuming that all the
gravitational potential energy is converted to kinetic energy.

velocity = .............. rerrererer s ms™! [3]

(ii) Calculate the mass of water flowing through the wheel per second, assuming that
the production of electrical energy is 100% efficient.

mass of water per second = .......ccccerevirrennen. unit ....eeeeenees [3]
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(ili) State and explain two reasons why the mass of water flowing per second needs

to be greater than the value in (ii) in order to produce this amount of electrical c For
power. i
............................................................................................................................ [2]

[Total: 13]
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3 Fig. 3.1 shows a helicopter that has a cable hanging from it to the sea below.

For
Examiner's
Use

Fig. 3.1

A girl of mass 55kg is rescued by a man of mass 75kg. The two are attached to the cable
and are lifted from the sea to the helicopter. The lifting process consists of an initial
acceleration followed by a period of constant velocity and completed by a final deceleration.

(a) Name the two main forces acting on the two people being lifted.

(b) Calculate the combined weight of the man and girl.

weight = ... N [1]

(c) Calculate the tension in the cable during

(i) the initial acceleration of 0.55ms™2

L- tension = ... N [2] _]
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(ii) the period of constant velocity.

tension = ....ccveervnnnns

(d) Calculate the final deceleration if the tension in the cable is 1240 N.

deceleration = .................

............ N [2]

...... ms=2 [2]

(e) Sketch on Fig. 3.2 a graph of velocity v against time t for the complete lifting process.

Numerical values are not required.

Y

Fig.3.2
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4 (a) Define the Young modulus.
For
Examiner's
Use

(b) The wire used in a piano string is made from steel. The original length of wire used
was 0.75m. Fixing one end and applying a force to the other stretches the wire. The
extension produced is 4.2 mm.

(i) Calculate the strain produced in the wire.

strain = ...covvevveverececeee e [2]

(i) The Young modulus of the steel is 2.0 x 10'' Pa and the cross-sectional area of
the wire is 4.5 x 107" m?. Calculate the force required to produce the strain in the
wire calculated in (i).

force = .mvivvcneircvneeennne. N [3]
(c) A different material is used for one of the other strings in the piano. It has the same

length, cross-sectional area and force applied. Calculate the extension produced in this
wire if the Young modulus of this material is half that of steel.

extension = .....cccccceervreccnenenn mm [2]
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