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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

c=3.00x108ms"’

w = 4nx 107 H m-"

& = 8.85x10"2F m"
(1/(367)) x 10° F m-"

e =160x10"°C
h=663x10%Js
u=1.66x10?"kg

m,= 9.11 x 10" kg

m, = 1.67 x 10?7 kg

R = 8.31 J K" mol"

N, = 6.02x 1023 mol!

k=138x102J K1
G = 6.67 x 10" N m?kg2

g=981ms?
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Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure

gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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4
In 2010, an iron cannon and some iron cannon balls were discovered offshore in the United
Kingdom after sitting on the seabed for a few hundred years.

(@) An experiment is performed to determine the density p of an iron cannon ball. The
average of the measurements, with their uncertainties, are shown in Fig 1.1.

Mass, m/ kg Diameter, d/ cm
79.72 £ 0.01 26.7 £ 0.1

Fig 1.1

(i) Show that the density of iron, p is 7999 kg m-3.

[1]

(ii) Calculate the actual uncertainty in p.

actual uncertainty inp =................oenll. kg m=3[2]

(iii) State the value of p and its actual uncertainty to the appropriate number of
significant figures.

O = i, SO kg m=3[1]
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(b) One possible way to raise the iron cannon from the seabed is to use a lifting bag, which
may be attached to the iron cannon and then partially inflated with air, as shown in
Fig. 1.2.

lifting bag

iron cannon -
seabed

Fig. 1.2

(i) The submerged iron cannon of mass 800 kg is attached to a lifting bag of negligible
volume and mass. Using the data in part (a)(i), estimate the initial acceleration of
the cannon when 0.70 m? of air is suddenly released into the bag. The density of
the seawater is 1050 kg m=.

acceleration = ..., m s2 [3]
(i) Explain why air has to be released continuously from the lifting bag as the iron

cannon rises from the seabed to the surface so that a constant speed of ascent is
maintained.
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(a) Gas, R, is trapped in a vessel by a column of liquid PQ as shown in Fig 2.1 below.
Length of the liquid column can be increased by adding more liquid to PQ.

Fig 2.1
Using the kinetic theory, explain how the pressure of the gas R is increased,

(i) when the volume of R remain unchanged and its temperature increases.

(b) There is about one hydrogen atom per cm? in outer space, where the temperature (in
the shade) is about 3.5 K. The mass of a hydrogen atom is 1 w.

Calculate

(i) the rms speed of these atoms.

rMs speed = ......oooiiiiiiiiiieiieieee, m s [3]
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(i) the pressure exerted by these atoms.

PrESSUIE = L.i.iiiiiiiiie i i ee e eeenenss Pa [3]

3 (@ A massof 170 g oscillates with simple harmonic motion. Fig. 3.1 shows the variation with
time t of the displacement y of the mass.

wem
JIREPN HH y :
S ik / N
fiRma=S EE ! /
05 | '0.5\"\' 1.0 l‘\ 1.5 f’“ 2.0% [2.5 t/sH
SRS CH T SRS R NP
ol AN AN AP
Fig. 3.1

(i) Explain what is meant by simple harmonic motion.
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(i) On Fig. 3.2, draw a graph showing the variation with displacement y of the potential
energy E, of the mass

E,/ mJ

/ cm
.0 Y

Fig. 3.2
9 3]

(b) The drums of an automatic washing machine are suspended from the casing by springs, at
the top and bottom, as shown in Fig. 3.3. The inner drum rotates within the outer drum at
variable speeds according to the washing programme.

|- casing

springs — block of

concrete

—— outer
drum

Fig. 3.3

The total mass of the drums is 20 kg. A block of concrete of mass 20 kg is added to the
outer drum. The natural period of oscillation of the system is 1.6s. The period of

oscillation T of the system is given by T =2 51/% , where M is the total mass of the load

in the system and k is the effective spring constant of the springs.
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When the washing machine enters the spin part of the washing programme, it starts from
rest and its rotational speed increases gradually. As the speed increases, the system is
observed to oscillate with increasing amplitude which reaches a maximum value of
5.0 cm before decreasing again at higher speeds.

(i) Calculate the number of revolutions per second of the drum when the maximum
amplitude of oscillation is observed.

number of revolutions persecond = .............cccccc...... [1]
(i) Explain
1. why the system oscillates when the inner drum is rotated,

(iii) On Fig. 3.4, sketch a graph showing how the amplitude varies with frequency of
rotation of the inner drum.

amplitude / cm
A

» frequency / Hz

Fig. 3.4 2]

(iv) State and explain one effect on the machine without the block of concrete fixed to
the drum.
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(@) A cell of e.em.f. E=3.0 V and internal resistance r = 0.50 Q is connected to three bulbs X,

Y and Z as shown in the circuit of Fig. 4.1.

N
o
@)

Fig. 4.1

(i) Calculate the effective resistance of the three bulbs in the circuit of Fig. 4.1.

effective resistance = .................... Q[2]

(if) List the light bulbs X, Y and Z in order of increasing brightness.

in order of increasing brightness: ...............oociii [1]
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(b) The circuit of Fig. 4.1 was connected to a potentiometer that is made up of a 6.0 V
battery in series with a resistance R = 1.0 Q and a uniform wire AB of length 100.0 cm
and resistance 2.0 Q (see Fig. 4.2).

6'|0V R=100Q
| L]
c

Fig. 4.2

() Show that the potential difference across AB is 4.0 V when the galvanometer
shows null deflection

[1]

(i) Determine the balance length AC.

balance length AC = ..., cm [3]
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(iii) Explain how, if at all, the balance length AC will be affected if bulb X is replaced by
a bulb of lower resistance.

........................................................................................................... [2]
5 (@) A current-carrying solenoid XY is placed near to a small coil, as shown in Fig. 5.1.
75—
| |
V
X Y
/ small
/d o T T AL vER YT I I I COII
solenoid
Fig. 5.1
The small coil is connected to a sensitive voltmeter.
(i) State the direction, XY or YX, of the magnetic field in the solenoid.
direction= ... [1]

(i) The resistance of the variable resistor is changed so that the current in the
solenoid increases.

1. State Faraday’s law of electromagnetic induction and use it to explain why a
reading is recorded on the voltmeter.
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2. State Lenz’s law and hence explain the direction of the induced current in the
small coil.

On Fig. 5.1, mark the direction of this induced current.

.................................................................................................... [3]
(iii)  The current in the solenoid is now made to vary as shown in Fig. 5.2.
current
0 I i f -
0 ty 1) 3 time
Fig. 5.2
On Fig. 5.3, show the variation with time of the e.m.f. induced in the small coil.
emf. |
0 i i = -
0 t4 o ) time
Fig. 5.3
[2]
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(b) Fig. 5.4 is the circuit diagram for a half-wave rectifier.

@

Fig. 5.4

The supply to the diode is rated as 50 Hz, 6.0 V, 1.5 W. Fig. 5.5 shows the trace of the
variation with time of the potential at terminal A with respect to B when an oscilloscope is
connected across the supply.

VanN

/ 1\

Fig. 5.5

(i) Determine the r.m.s. current the supply can provide when it is operating at 6.0 V.

rm.s.current= ..., A 1]
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(i) On Fig. 5.6, draw a line to represent the corresponding trace seen on the
oscilloscope across the load resistor R. [1]

Fig. 5.6

(a) A parallel beam of electrons, all travelling at the same speed, is incident normally on a

carbon film. The scattering of the electrons by the film is observed on a fluorescent
screen, as illustrated in Fig. 6.1.

glass envelope

fluorescent

carbon film screen

beam of

electrons

vacuum
Fig. 6.1

(i) Assuming that the electrons behave as particles, predict what would be seen on
the screen.
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(i) In this experiment, the electrons do not behave as particles.

Describe briefly the pattern that is actually observed on the screen.

(b) The Heisenberg Uncertainty principle (HUP) for position and momentum can be written
in the form

ApAx >h
where Ap is the uncertainty in momentum, Ax is the uncertainty in the position of a

particle and h is the Planck constant.

(i) Calculate the uncertainty in momentum when an electron of mass 9.11 x 103" kg
travelling at 3.00 x10” m s™' passes through a narrow slit of width 1.00 x 10 m
(comparable to the spacing of atoms in a crystal).

uncertainty in momentum = ..........cccoiiiiii kg m s [2]

(i) Compare this uncertainty in momentum to the original momentum of the electron
and state its significance.
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The article below is based on articles on the Internet.

Read the article and then answer the questions that follow.

Use of ultrasonic sound waves on biological cells

Ultrasonic sound waves (ultrasound) are produced and detected using an ultrasound
transducer. Ultrasound transducers are capable of sending an ultrasound and then the same
transducer can detect the sound and convert it to an electrical signal to be diagnosed.

To produce an ultrasound, a piezoelectric crystal has an alternating current running through
it. The piezoelectric crystal grows and shrinks depending on the voltage applied across it.
Running an alternating current through it causes it to vibrate at a high speed and to produce
an ultrasound.

Ultrasound have frequencies outside the audible range of the human ear, that is, greater
than about 20 kHz.

When an ultrasound passes through a medium, its wave energy is absorbed. The rate at
which energy is absorbed by unit mass of the medium is known as the dose-rate. The dose-
rate is measured in W kg'. The total energy absorbed by unit mass of the medium is known
as absorbed dose. This is measured in J kg™ or, as in this question, kJ kg'.

Under certain circumstances, biological cells may be destroyed by ultrasound. The effect on
a group of cells is measured in terms of the survival fraction (SF).

_ number of cells survivingafter exposure
number of cells before exposure

SF

For any particular absorbed dose, it is found that the survival fraction changes as the
dose-rate increases. Fig. 7.1 shows the variation with dose-rate of the survival fraction for
samples of cells in a liquid. The absorbed dose for each sample of cells was 240 kJ kg.
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0.08

0.06
survival
fraction

0.04

0.02 e

0 -
0 50 100 150 200 250 300
dose rate / W kg’
Fig. 7.1

(@) (i) State the transformation of energy that occurs in an ultrasound transducer.

............................................................................................................ [1
(i) State one difference between ultrasound and light.
........................................................................................................... [2]
(b) (i) Use Fig. 7.1 to state the survival fraction for a dose-rate of 200 W kg'.
survival fraction = .................... [1]

(i) Calculate the exposure time for an absorbed dose of 240 kJ kg and at a dose-rate
of 200 W kg.

exposure time = ..................o.el. s [2]
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(c) Survival fraction depends not only on dose-rate but also on absorbed dose. Fig. 7.2
shows the variation with dose-rate of log1o(SF) for different values of absorbed dose.

-1.0

log1o(SF)

-20

-30

50

100

dose rate / W kg

150 200

250

300

= —

T o Tao

]
= HH

P2 - 4 == N

=~ H
C] -
al
&

Fig. 7.2

The line with absorbed dose of 240 kJ kg™ represents the data given in Fig. 7.1, but with
survival fraction plotted on a logarithmic scale.

(i) Suggest why the survival fraction is plotted on a logarithmic scale.
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(i) Use Fig. 7.2 to complete the table of Fig. 7.3 for a dose-rate of 200 W kg™'.

absorbed dose / kJ kg log10(SF)

50

100

160

240

340

450

560

Fig. 7.3
[3]

(iii) Use Fig. 7.3 to calculate the survival fraction for an absorbed dose of 160 kJ kg™ at
a dose-rate of 200 W kg™'.
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(d) Use the table of Fig. 7.3 to plot, on the axes of Fig. 7.4, a graph to show how the
variation with absorbed dose of log1o(SF) for the dose-rate of 200 W kg. [3]

absorbed dose / kJ kg

0 0 100 200 300 400 500 600
-1.0
log1o(SF)
-2.0
-3.0
-4.0
Fig. 7.4
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(e) Theory suggests that at a dose-rate of 200 W kg', two separate effects may give rise to
cell destruction. According to this theory, one of the effects becomes apparent only at
higher absorbed doses. State the evidence provided for this theory by

(i) Fig 7.4.

(f) The theory outlined in (e) suggests that the resultant survival fraction (SF)r due to two
independent effects which have survival fractions (SF); and (SF), is given by the
expression

(SF)r = (SF)1 % (SF)2

(i) Suggest how the graph in Fig. 7.4 may be used to determine (SF)r for an absorbed
dose of 560 kJ kg

(i) With reference to the graph in Fig. 7.4, discuss how it is possible to determine
separate values of (SF)s and (SF). for the absorbed dose of 560 kJ kg™.
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