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In addition to this paper you will require:
e a calculator;

e a pencil and a ruler.

Time allowed: 1 hour 15 minutes

Instructions

Use blue or black ink or ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions in the spaces provided. All working must be shown.
Do all rough work in this book. Cross through any work you do not want
marked.

Information

e The maximum mark for this paper is 40.

e Mark allocations are shown in brackets.

e The paper carries 10% of the total marks for Physics Advanced.

e A Data Sheet is provided on pages 3 and 4. You may wish to detach this

perforated sheet at the start of the examination.

You are expected to use a calculator where appropriate.

e In questions requiring description and explanation you will be assessed on
your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate. The degree of legibility of your handwriting and the level
of'accuracy of your spelling, punctuation and grammar will also be taken into
account.
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Data Sheet

e A perforated Data Sheet is provided as pages 3 and 4 of this question
paper.

e This sheet may be useful for answering some of the questions in the
examination.

e You may wish to detach this sheet before you begin work.




Data Sheet

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 10~*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 +2
d -3
s -3

Geometrical equations

arc length = r@

area of circle = mur*

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

volume of sphere =% nr’

Fundamental constants and values

Symbol Value
c 3.00 x 108 ms!

elm, |1.76 x 10"
1.67x 107 |kg

9.58 x 10’
m, [1.67x107 |kg

g 9.81
g 9.81 m s>
u 1.661 x 107 | kg

Symbol Rest energy
/MeV
Y 0
Ve 0
Vu 0
e* 0.510999
p* 105.659
a* 139.576
n° 134.972
K* 493.821
K° 497.762
p 938.257
n 939.551
Baryon Strangeness
number
+1 0
+3 0
+1 -1

circumference of circle = 2mr

7N 4n x 107 Hm!

& 885x 10" |Fm™

e 1.60%x 107" |C

h 6.63x1073* [Js

G 6.67x 10" | N m?kg?
Ny 6.02x10® | mol™

R 831 JK ! mol™!
k 1.38x 102 |JK*

o 567x10°% |Wm?2K™*
a 290x10° |mK

m, |911x10™ |kg

Mechanics and Applied
Physics

v=u+at

_ A(mv)
T A

P=Fy

F

power output

efficiency = -
1 Y power input

w=%}=2nf

a=-"L=ro?
r

I=2m72

E =310

W, =, + at
0=(u1t+%at2
0} = 0} + 200
0 =3 (0, + vyt
T=Ia

angular momentum = Il
w=T6
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) x (no. of cycles/s) x
(no. of cylinders)

friction power = indicated
power — brake power

w o
efficiency = 0 . Oin QQout
in in
maximum possible
efficiency = Tu-Tc
Ty

Fields, Waves, Quantum
Phenomena

a=-(2nf)x

v=1x2nfVA? - X

x = A cos 2nft

T=2mfﬂ
k

= 2| L
T=2n 3

_ws
*=D

dsin 0 = ni

\toEo

Electricity

€ =—

9
e=IR+r)

P=PR
_F_V
E—Q_d
F-—1 2
dne, P
E=%QVv
F=BIl
F=BQuv
0= Qoe"/Rc
® = BA

Turn over P
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Data Sheet

magnitude of induced em.f. = N —%?-

Irms -

_ L
2
Vrms = KQ'

V2
Mechanical and Thermal
Properties

_ tensile stress _

F 1
" tensile strain” A e

the Young modulus

energy stored =% Fe

AQ = mc AG

AQ =ml

pV:‘%ch_2

Lmc? =3kT =R
2N,

Nuclear Physics and Turning
Points in Physics

evy,
force = ——
d
force = Bev
radius of curvature = ny
Be
eV m
d 4

work done = eV

F = 6ngrv
1
I=k2
2
AN _ N
At
1=—h
2meV
N=Nge™
In 2
T, =——
1
1
R=r0A3

Astrophysics and Medical

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

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
Amax] = constant = 0.0029 m K

v=Hd

P = 0AT*

Medical Physics

1

power = —
1 1 v
—+—=—and m=—
u v f u

1
intensity level = 10 log "
0

I = 106—’“

u
/"mz'l—)"

Electronics
Resistors

Preferred values for resistors (E24)
Series:1.01.11.213151.61.82.02.2
242730333639 43475156622
6.87.58.2 9.1 ohms

and multiples that are ten times greater

Vl'lTlS

e
1 1 1 1
—=—t—+—+
Cr C G G

Operational amplifier

VOUt
G= voltage gain
Vin
R; . .
G=-— inverting
Ry
Ry
G=1+4+—  non-inverting
R,
Vi Va Vs .
Vo =—Ri| —+—+—] summing
Ri R, R4
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SECTION A: NUCLEAR INSTABILITY

Answer all of this question

1 The high energy electron diffraction apparatus represented in Figure 1 can be used to determine
diffraction angles, 6.

nuclear radii. The intensity of the electron beam received by the detector is measured at various

\
\
\
\
\
. target \
monoenergetic \
high energy
electron beam

detector

Figure 1

(a) Sketch on the axes below a graph of the results expected from such an electron diffraction
experiment.
electron

intensity

angle of diffraction 6 (2 marks)

Turn over P
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(b) () Use the data in the table
R =r A

to plot a straight line graph that confirms the relationship

radius of
element nucleus, R nucleon
10"5m number, A

lead 6.66 208
tin 5.49 120
iron 4.35 56
silicon 343 28
carbon 2.66 12

(i) Estimate the value of 7, from the graph.

(5 marks)

(c) Discuss the merits of using high energy electrons to determine nuclear radii rather than

using o particles.

You may be awarded marks for the quality of written communication in your answer.
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SECTION B: TURNING POINTS IN PHYSICS

Answer all questions.

2 A narrow beam of electrons is produced in a vacuum tube using the arrangement shown in Figure 2.

filament wire

+Z _|
gj

—O

ancwde\‘

vacuum tube

-+
o B o—

Figure 2
(a) Describe the function of each voltage supply unit and state a typical voltage for each unit.
(1) unitA

(3 marks)
(b) State and explain the effect on the beam of
p
(i) reducing the voltage of A,

WO5/PHA8/W
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(i) increasing the voltage of B.

(4 marks)

TURN OVER FOR THE NEXT QUESTION
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3 In an experiment to demonstrate the wave nature of light, a parallel beam of monochromatic light was
directed at two closely spaced slits, as shown in Figure 3. A pattern of bright and dark fringes due to
this light passing through the slits was seen on the screen.

N\
[

A\

parallel beam of
monochromatic light

screen

Figure 3

(a) Explain why this fringe pattern was formed.

You may be awarded marks for the quality of written communication in your answer.

(4 marks)
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(b) Discuss why this fringe pattern cannot be explained using Newton’s corpuscular theory of light.

(2 marks)

TURN OVER FOR THE NEXT QUESTION
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4 A charged oil droplet was observed falling between two oppositely charged parallel plates, as shown in

Figure 4.
charged oil droplet switch
_|._
) +0 | high voltage
_o | supply unit
- v)
°

Figure 4

(a) Explain why the droplet stopped moving and remained stationary when the potential difference
between the plates was adjusted to a certain value, V..

(3 marks)
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(b) (i) The spacing between the plates is 6.0mm. A charged oil droplet of mass 6.2 x 10 '*kg
is stopped when V= 5700 V. Calculate the charge on this droplet.

(i) Describe and explain what would have happened to this droplet if the potential difference
had been greater than 5700 V.

(5 marks)

TURN OVER FOR THE NEXT QUESTION
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5 (a) In a science fiction film, a space rocket travels away from the Earth at a speed of 0.994c¢,
where c is the speed of light in free space. A radio message of duration 800 s is transmitted by
the space rocket.

(i) Calculate the duration of the message when it is received at the Earth.

(i1) Calculate the distance moved by the rocket in the Earth’s frame of reference in the time
taken to send the message.

(4 marks)
(b) A student claims that a twin who travels at a speed close to the speed of light from Earth to a

distant star and back would, on return to Earth, be a different age to the twin who stayed on
Earth. Discuss whether or not this claim is correct.

(3 marks)

QUALITY OF WRITTEN COMMUNICATION

END OF QUESTIONS
Copyright © 2005 AQA and its licensors. All rights reserved.
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