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Fundamental constants and values

Quantity

speed of light in vacuo
permeability of free space
permittivity of free space
charge of electron

the Planck constant
gravitational constant

the Avogadro constant
molar gas constant

the Boltzmann constant
the Stefan constant

the Wien constant
electron rest mass
(equivalent to 5.5 x 107*u)
electron charge/mass ratio
proton rest mass
(equivalent to 1.00728u)
proton charge/mass ratio
neutron rest mass
(equivalent to 1.00867u)
gravitational field strength
acceleration due to gravity
atomic mass unit

(1u is equivalent to

931.3 MeV)

Fundamental particles

Class Name
photon photon
lepton neutrino
electron
muon
mesons pion
kaon
baryons proton
neutron

Properties of quarks

Type Charge
u +3
d -3
;

Geometrical equations

arc length = r@

Symbol Value Units
c 3.00x 108 |ms?
Hy 47t x 1077 Hm™
g, 8.85x 10 |Fm™
e 1.60x 10" | C
h 6.63x10>* |JTs
G 6.67x 107" | N m? kg™
N, 1602x10® |mol™
R 8.31 J K mol?
k 1.38x102 |JK*
o 567x10% |Wm?K™*
a 290x10° |mK
m, |911x10* |kg
elm, |176x10" |Ckg?!
m, 1.67x 107 | kg
elm, 9.58x10" |Ckg"
m, 1.67x 107 |kg
g 9.81 N kg™
g 9.81 ms
u 1.661 x 107 | kg
Symbol Rest energy
MeV
Y 0
Ve 0
Va 0
e* 0.510999
e 105.659
a* 139.576
" 134.972
K* 493.821
K° 497.762
p 938.257
n 939.551
Baryon Strangeness
number
+3 0
+1 0
+1 -1

circumference of circle = 2nr

area of circle = nr*

area of cylinder = 2nrh
volume of cylinder = nr*h
area of sphere = 4nr*

volume of sphere = § nr’

Mechanics and Applied
Physics

v=u+at

fu+v
s—( >

a’

S=ut+ =
2

v* = u? + 2as

A(my)
F =
At

P=Fy

power output

efficiency = -
1 Y power input

w =

~le

=2nf

2
v
a=-—>=re?
r

I:Zmr2
Ek:%lwz
w,=w +at

9=w1t+lzat2

w5 = 0 + 200

0=3%(w, +wy)t

T=1Ia

angular momentum = lo
W=T60

P=Tw

angular impulse = change of
angular momentum = Tt

AQ = AU + AW

AW = pAV

pVy = constant

work done per cycle = area
of loop

input power = calorific
value x fuel flow rate

indicated power as (area of p -V
loop) % (no. of cycles/s) x
(no. of cylinders)

friction power = indicated

power — brake power
" W Ow-Qou
efficiency = == _=o
Qin Qin
maximum possible
Ty-T,
efficiency = ¢
Ty

Fields, Waves, Quantum
Phenomena

s
=-GM
7~
-_AV
& Ax
v=_GM
r
a=-(Q2nHx
v=x2nfVA® - x*
x = A cos 2nft
T:2n\/—m—
k
T=2m/L
”\jg
_ws
*=D
dsin € =nl
s
=D
_sinfd; ¢
TG, ¢,
=
1”2—n1
. 1
sm0c=7
E=hf
hf=¢+Ek
hf=E -E,
PR
p my
1
C =
Véo€o
Electricity
E
€ =—
Q
e=IR+7)
1 1,1 1
e e
Rt R, R, R
Ry=R,+Ry+ Ry+ -
P=PIR
_E_V
=0°d
E=-—1 2
dng, 1
E=%9Vv
F=BIl
F=BQv
Q= Q. /re
P = BA
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magnitude of induced emf =N AA—?
= 22

2
)

Mechanical and Thermal
Properties

tensile stress F 1
the Young modulus = —————=— —
tensile strain A e

energy stored = Fe

AQ = mc Af

AQ =ml

pV:%NmZZ—

Yo =3k = 3RT
2N,

Nuclear Physics and Turning
Points in Physics

I eV,

orce = ——
d

force = Bev

. my
radius of curvature = Be
e

—=mg

d

work done = eV

F = 6mnrv
rik

x
AN _ N
At
pR—

2meV
N = Nye™
poIn2
3 A

1

R=ry A>

Astrophysics and Medical

Physics
Body Mass/kg Mean radius/m
Sun  2.00x10% 7.00 % 10°
Earth 6.00 x 10* 6.40 x 108

1 astronomical unit = 1.50 x 10! m

1 parsec = 206265 AU = 3.08 x 10'm =
3261y

1 light year = 9.45 x 10" m

Hubble constant (H) = 65 kms™ Mpc™

angle subtended by image at eye
M=

angle subtended by object at
unaided eye

d
m-~M=5log —
10

AmaxT = constant = 0.0029 m K
v=Hd
P =cAT*
Af_ v
f T
AL v
F
R, = 2GM
C2

Medical Physics

1

power = —
1 1 v
—+—=—and m=—
u v f u

1
intensity level = 10 log "
0

I = Ioeﬂlx

U
/"m:?

Electronics
Resistors

Preferred values for resistors (E24)
Series: 1.01.11213151.61.82.022
242730333639 4347515662
6.87.58.29.1 ohms

and multiples that are ten times greater

11 1 1
=—t—t— -

Cr C C G
Cr=Ci+ C+Cy+ -+~
1

X, =
“onfC

Alternating Currents

1
=7

Operational amplifier

V()Ul
G= voltage gain
Vin
R; .
G=-— inverting
R,
R, : .
G=1+—  non-inverting
1
Vi 'V, Vs :
Vour=—R| =—+—+—=] summing
Ry Ry R,
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Answer all questions in the spaces provided.

1 (a) Water flowing through a solar heating panel, as in Figure 1, is heated from 15°C
to 45 °C when the flow rate is 3.2 x 10°m’s™'. Show that the water gains energy at a
rate of 400Js ™.

specific heat capacity of water = 4200 Jkg' K
density of water = 1000 kgm

Figure 1

o sunlight

solar panel 4 4

(3 marks)
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(b) A solar cell produces electrical power when sunlight is incident on it. The data sheet
on a panel of solar cells states that the panel is capable of delivering a current of
100 mA at a potential difference of 6.0 V.

(1) With the aid of a circuit diagram, describe how you could check these data by
making appropriate measurements.

(1i1) The solar cell panel described in part (b)(i) is 150 mm long and 100 mm wide.
The solar heating panel in part (a) is 1.60m long and 1.25 m wide.

Calculate the ratio _Output power per unit area of the solar heating panel
output power per unit area of the solar cell panel

(7 marks)

Turn over )
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1 or an 1deal gas at a temperature o , show that the mean kinetic energy o
ii) F ideal g £ 300K, show that th kineti gy of
a molecule is 6.2 x 102" J.

(4 marks)
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(b) (i) When no current passes along a metal wire, conduction electrons move about in
the wire like molecules in an ideal gas.
Calculate the speed of an electron which has 6.2 x 10! J of kinetic energy.
(i1)) Describe the motion of conduction electrons in a wire when a pd is applied across
the ends of the wire.
(4 marks)
8
Turn over for the next question
Turn over »
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3 A narrow beam of white light is incident normally on a diffraction grating. Different colour
filters are placed in the path of the beam, one at a time, as shown in Figure 2.

Figure 2
.-""--.3
.-'".-.-J..H —‘? .
[ A e diffracted
narrow beam , — orders of
of white light I N~ ligh

position of ' ‘
colour filter dlffr'actlon \\H
grating R&

(@) (1) With a red filter, which transmits light of wavelength 630 nm, the angle of
diffraction of the second order beam is 49.1°. Show that the grating spacing is
1.67 x 10 °m.

(1)) When the red filter is replaced by a blue filter, the angle of diffraction of the

second order beam is 33.5°. Calculate the wavelength of light transmitted by the
blue filter.

(3 marks)
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(b) A semi-circular glass block is placed with its flat side in contact with the diffraction
grating, as shown in Figure 3. The glass block is positioned so that the centre of its
flat side is in the path of the incident beam.
Figure 3
semi-circular
[ A glass block
narrow beam i =
of white light
filter ,f’r :
diffraction e
grating
(1) When the red filter is used in this arrangement, the angle 6 of the second order
diffracted beam is 29.8°. Calculate the refractive index of the glass block for
red light.
(i1)) Describe how the arrangement could be used to determine the ratio
speed of red light in the glass block
speed of blue light in the glass block
(4 marks)
7
Turn over »
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4 (a) (i) Show that the gravitational field strength of the Earth at height /# above the
surface is given by

R 2
g=gS(R+h)’

where g, is the gravitational field strength at the surface and R is the radius of the
Earth.

(i) Calculate the gravitational field strength of the Earth at a height of 200 km above
its surface.

(5 marks)

(b) An astronaut floats in a spacecraft which is in a circular orbit around the Earth.
Discuss whether or not the astronaut is weightless in this situation.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

(3 marks)
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5 (a) The low-speed wind turbine in Figure 4 is used to generate electricity. The turbine is
designed so that it faces the wind. Because the rotor blades are set at an angle to the
plane in which they rotate, they deflect the wind.

Figure 4

-

Explain why the rotor blades are forced to rotate when subjected to the wind.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

(3 marks)

Question 5 continues on the next page
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(b) The table shows how the output power, P, from a wind turbine varies with the speed, v,

of the wind.

wind speed output power _
AP W In(v/ms™) In (P /W)
1.5 20
2.0 50
2.7 120
3.5 260
4.2 440
4.9 710
5.5 990
The variation of output power with wind speed is
P=kv"
where k and n are constants.
(1) Complete the table.
(i) Plot a graph of In (P/W) against In (v/ms").
(i11) Show that your graph confirms the above equation.
(iv) Use your graph to determine the values of n and £.
(11 marks)

Question 5 continues on page 16
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(©)

M/Jun07/PA10

The initial kinetic energy per second of the air that passes through the wind turbine is
given by % p AV, where p is the density of air and 4 is the area swept out by the rotor

blades in each rotation.

The data in part (b) is for a wind turbine with a rotor of diameter 6.4 m. Calculate the
efficiency of the turbine at a wind speed of 2.0ms .

density of air = 1.2kgm™

(2 marks)
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6 A ‘bus bar’ is a metal bar which can be used to conduct a large electric current. In a test, two
bus bars, X and Y, of length 0.83 m are clamped at either end parallel to each other, as shown

in Figure 5.

Figure 5
~ 0.83m _
. 12kA\ > >
X N
clamps clamps
12kA P P < .
Y

base board

(a) When a constant current of 12 kA is carried by each bus bar, they exert a force of 180N
on each other. This force is due to the magnetic field created by the current carried by
each bus bar.

(1) Calculate the magnetic flux density due to the current in one bus bar at the
position of the other bus bar.

(i1)) The magnetic flux density at any given distance from a straight conductor is
proportional to the current through the conductor. Calculate the force on each
bus bar if X carried a current of 6 kA and Y carried a current of 12 kA in the same
direction.

(6 marks)
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(b) When the same alternating current is passed through the two bus bars, both vibrate
strongly.

(1) Explain why the bars vibrate.

(i) State one way the amplitude of the vibrations could be reduced without reducing
the current.

(4 marks)

Turn over for the next question
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7 The fluorine isotope 'S F is a positron emitter which decays to form a stable isotope of

oxygen.

(@ (i) Complete the equation below for the decay of '; F

18 T N eesessse o dieeeees
oF  —> 0 + e +

(i1)) Complete the Feynman diagram in Figure 6 to represent the decay.

Figure 6

u quark

(5 marks)

(b) The '§ F isotope is used to obtain medical images in a PET (positron emission
tomography) scanner. A solution containing the isotope is injected into the
patient. When a '§ F nucleus in the body decays, the positron emitted travels no further
than a millimetre before it loses its kinetic energy and is annihilated by an electron. As
a result, two 'y photons of the same energy are emitted in opposite directions.

e + e —> 2y

A ring of detectors surrounding the patient is used to detect the photons.

(1) Show that the energy of each photon is 0.51 MeV.

M/Jun07/PA10

LEAVE
MARGIN
BLANK



21

M/Jun07/PA10

(i) A detector P was triggered by a y photon from such an annihilation event at R, as
shown in Figure 7. A second detector Q at a distance of 1400 mm from P was
triggered 0.40 ns later by the other photon from this event.

Figure 7
annihilation
eventl at R
P MY Q_
T * BT
. i
1400 mm

Calculate the distance PR.

(4 marks)

Turn over for the next question
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8 The pile-driver crane in Figure 8 is used on a construction site to drive a steel girder
vertically into the ground. The hammer of the pile-driver is raised and dropped repeatedly
onto the upper end of the girder.

Figure 8

pile-driver crane

pirder

a ¢ hammer is a steel cylinder of length 1.50 m and diameter 0.60 m.
The h i 1 cylinder of length 1.50 d di 0.60
(1) Calculate the mass of the cylinder.

density of steel = 7800 kgm

(1)) The hammer is released from a height of 0.80 m above the top end of the girder.
Calculate the velocity of the hammer just before it hits the girder.

(4 marks)
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(b)

M/Jun07/PA10

(1) The girder has a mass of 1600kg. Calculate its velocity immediately after the
impact, assuming the hammer does not rebound after the impact.

(i1)) The impact causes the girder to penetrate 25 mm into the ground. Estimate the
average force of friction on the girder during this movement.

(6 marks)

Quality of Written Communication (2 marks)

END OF QUESTIONS
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