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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,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,
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c=3.00x108 ms™
/.,LO=41TX1O_7Hm_1
€ =8.85x10"12Fm™!
e=1.60x10"1°C
h=6.63x10"34Js
u=1.66x10"27 kg
m, =9.11 x 10737 kg
m, = 1.67 x 107" kg
R=8.31 JK'mol™
N, = 6.02 x 1023 mol~"
k=1.38x10"23 JK
G =6.67x10"1"" Nm?kg2

g=9.81ms>?
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Formulae

uniformly accelerated motion,

work done on/by a gas,

gravitational potential,
simple harmonic motion,

velocity of particle in s.h.m.,

resistors in series,

resistors in parallel,

electric potential,

capacitors in series,
capacitors in parallel,
energy of charged capacitor,
alternating current/voltage,

hydrostatic pressure,

pressure of an ideal gas,

radioactive decay,

decay constant,

critical density of matter in the Universe,

equation of continuity,

Bernoulli equation (simplified),

Stokes’ law,
Reynolds’ number,

drag force in turbulent flow,
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4

Answer all the questions in the spaces provided.

Make estimates of the following quantities.

(a) the speed of sound in air

(b) the density of air at room temperature and pressure

density = ..o 1]

(c) the mass of a protractor
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The Brownian motion of smoke particles in air may be observed using the apparatus shown

in Fig. 2.1.

L

/ mICrOSCOpe

smoke

U cell

light

YVY Y

Fig. 2.1
(a) Describe what is seen when viewing a smoke particle through the microscope.

(b) Suggest and explain what difference, if any, would be observed in the movement of
smoke particles when larger smoke particles than those observed in (a) are viewed
through the microscope.
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A bullet of mass 2.0g is fired horizontally into a block of wood of mass 600g. The block is
suspended from strings so that it is free to move in a vertical plane.

The bullet buries itself in the block. The block and bullet rise together through a vertical
distance of 8.6 cm, as shown in Fig. 3.1.

wood
block

bullet

Fig. 3.1

(@) (i) Calculate the change in gravitational potential energy of the block and bullet.

(ii) Show that the initial speed of the block and the bullet, after they began to move off
together, was 1.3ms™".

(1]
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(b) Using the information in (a)(ii) and the principle of conservation of momentum,
determine the speed of the bullet before the impact with the block.

(c) (i) Calculate the kinetic energy of the bullet just before impact.

KinetiC energy = ......oeeveveiiiiiiieeee e J [2]

(ii) State and explain what can be deduced from your answers to (c)(i) and (a)(i) about
the type of collision between the bullet and the block.
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4 A glass fibre of length 0.24 m and area of cross-section 7.9x 107/ m? is tested until it breaks. For
The variation with load F of the extension x of the fibre is shown in Fig. 4.1. Exazviner’s
se
4
x/ 104 m
3
2
1
0
0 20 40 60 80
F/N
Fig. 4.1

(a) State whether glass is ductile, brittle or polymeric.

...................................................................................................................................... [1]
(b) Use Fig. 4.1 to determine, for this sample of glass,
(i) the ultimate tensile stress,
ultimate tensile stress = ... Pa [2]
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(ii) the Young modulus, For

Examiner’s
Use

Young modulus = ... Pa [3]

(ili) the maximum strain energy stored in the fibre before it breaks.

Maximum Strain €Nergy = ........oocccorrreeeeeeninriirrreeeee e J [2]
(c) A hard ball and a soft ball, with equal masses and volumes, are thrown at a glass

window. The balls hit the window at the same speed. Suggest why the hard ball is more
likely than the soft ball to break the glass window.
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5 (a) Explain what is meant by the diffraction of a wave. For
Examiner’s

Use

(b) Light of wavelength 590 nm is incident normally on a diffraction grating having 750 lines

per millimetre.
The diffraction grating formula may be expressed in the form

dsind = nA.

(i) Calculate the value of d, in metres, for this grating.

(ii) Determine the maximum value of n for the light incident normally on the grating.

Maximum Value Of M= ..o
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(iii) Fig. 5.1 shows incident light that is not normal to the grating.

diffracted
light

incident
light

il
AN

[I™~grating

Fig. 5.1

Suggest why the diffraction grating formula, dsin@ = nA, should not be used in this
situation.

(c) Light of wavelengths 590 nm and 595 nm is now incident normally on the grating.
Two lines are observed in the first order spectrum and two lines are observed in the
second order spectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.
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6 Two parallel metal plates P and Q are situated 8.0 cm apart in air, as shown in Fig. 6.1. For

Examiner’s
Use

8.0cm

<
<

Y

+160 V

Fig. 6.1
Plate Q is earthed and plate P is maintained at a potential of +160 V.

(@) (i) On Fig. 6.1, draw lines to represent the electric field in the region between the
plates. [2]

(i) Show that the magnitude of the electric field between the plates is 2.0x 103V m™.

(1]
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(b) A dust particle is suspended in the air between the plates. The particle has charges of

+1.2x1071°C and —1.2x107'3C near its ends. The charges may be considered to be
point charges separated by a distance of 2.5 mm, as shown in Fig. 6.2.

+1.2x10-15C

_direction of
electric field

—1.2x10-15C

Fig. 6.2

The particle makes an angle of 35° with the direction of the electric field.

(i) On Fig. 6.2, draw arrows to show the direction of the force on each charge due to
the electric field. [1]

(ii) Calculate the magnitude of the force on each charge due to the electric field.

(iii) Determine the magnitude of the couple acting on the particle.
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(a) Define the resistance of a resistor.

(b) In the circuit of Fig. 7.1, the battery has an e.m.f. of 3.00V and an internal resistance r.

R is a variable resistor. The resistance of the ammeter is negligible and the voltmeter

has an infinite resistance.

Fig. 7.1

The resistance of R is varied. Fig. 7.2 shows the variation of the power P dissipated in R
with the potential difference V across R.

1.2
P/W
1.1 = u
1.0 d
/
0.9
0.8
0.8 1.0 1.2 1.4 1.6 1.8
ViV
Fig. 7.2
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(i) Use Fig. 7.2 to determine
1. the maximum power dissipation in R,
MAXIMUM POWET = iiiiiiiee e e e e e e e e e w
2. the potential difference across R when the maximum power is dissipated.

potential difference = ... \Y

(i) Hence calculate the resistance of R when the maximum power is dissipated.

resistance = ....cccceevvieiei Q [2]

(iii) Use your answers in (i) and (ii) to determine the internal resistance r of the battery.

(c) By reference to Fig. 7.2, it can be seen that there are two values of potential difference
V for which the power dissipation is 1.05W.
State, with a reason, which value of V will result in less power being dissipated in the
internal resistance.
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8 Fig. 8.1 shows the position of Neptunium-231 (231Np) on a diagram in which nucleon For

number (mass number) A is plotted against proton number (atomic number) Z. Exazﬂner’s
se
250
248
246
A
244
242
240
238
236
234
232
® Np
230
228
226
224
86 87 838 89 90 91 92 983 94 95 96 97 98 99 100
Z
Fig. 8.1
(@) Neptunium-231 decays by the emission of an a-particle to form protactinium.
On Fig. 8.1, mark with the symbol Pa the position of the isotope of protactinium
produced in this decay. [1]
(b) Plutonium-243 (33Pu) decays by the emission of a p-particle (an electron).
On Fig. 8.1, show this decay by labelling the position of Plutonium-243 as Pu and the
position of the daughter product as D. [2]
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