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For this paper you must have:
e a pencil and a ruler
e a calculator
e a Data and Formulae book.

Time allowed
e 1 hour 15 minutes

Instructions

e Use black ink or black ball-point pen.

o Fill in the boxes at the top of this page.

e Answer all questions.

e You must answer the questions in the spaces provided. Answers written
in margins or on blank pages will not be marked.

e Do all rough work in this book. Cross through any work you do not want
to be marked.

Information

e The marks for questions are shown in brackets.

The maximum mark for this paper is 70.

You are expected to use a calculator where appropriate.
A Data and Formulae Book is provided as a loose insert.
You will be marked on your ability to:

— use good English

— organise information clearly

— use specialist vocabulary where appropriate.
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Answer all questions in the spaces provided.

1 (a) Explain what is meant by an isotope.

(2 marks)
1 (b) The incomplete table shows information for two isotopes of uranium.
number of speciﬁc charge of
number of protons
neutrons nucleus/.....ceeeeeeenens
first isotope 92 143
second isotope 3.7x 10

1 (b) (i) Write the unit for the specific charge in the heading of the last column of the

table.
(1 mark)
1 (b) (i) In the above table write down the number of protons in the second isotope in the
table.
(1 mark)
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1 (b) (i) Calculate the specific charge of the first isotope and write this in the table.

(3 marks)

1 (b) (iv) Calculate the number of neutrons in the second isotope and put this number in the
table

(3 marks)

Turn over for the next question

Turn over »
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2 Electrons with a range of kinetic energies strike atoms of a particular element which are in
their ground state. As a result of these collisions photons of various frequencies are emitted
by some of the atoms.

2 (a) Explain what is meant by the ground state of an atom and describe the process that is
taking place in the atoms emitting photons.

The quality of your written communication will be assessed in this question.

(6 marks)
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2 (b) The table below shows how the kinetic energies of electrons with different incident
energies may change after collisions with atoms.

kinetic energy of electron before kinetic energy of electron after
collision/eV collision/eV
First electron 5.5 5.5
Second electron 9.0 1.0

2 (b) (i) Explain why one of the electrons loses energy while the other does not.

2 (b) (1)) Convert the energy of 9.0 eV into joules

(2 marks)

2 (b) (1i1) Calculate the maximum frequency of the photon emitted when the 9.0ev
electron collides with an atom.

(3 marks)

Turn over »
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3 (a) The Y particle is a baryon with strangeness —1.
3 (a) (i) How many quarks does the 3 particle contain?
ANSWET ..onveeneieeeeeeeeneeenes
(1 mark)
3 (a) (i1) How many of the quarks are strange?
ANSWET ..o
(1 mark)
3 (b) The Y decays in the following reaction
S'on +n
3 (b) (i) State two quantities that are conserved in this reaction.
(2 marks)
3 (b) (ii)) State a quantity that is not conserved in this reaction.
(1 mark)
3 (b) (iii) What interaction is responsible for this reaction?
(1 mark)
3 (b) (iv) Into what particle will the neutron formed in this reaction eventually decay?
(1 mark)
7
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4 When monochromatic light is shone on a clean metal surface, electrons are emitted from the
surface due to the photoelectric effect.

4 (a) State and explain the effect on the emitted electrons of

4 (a) (i) increasing the frequency of the light,

4 (a) (i1) increasing the intensity of the light.

(2 marks)
4 (b) The wave model was once an accepted explanation for the nature of light. It was

rejected when validated evidence was used to support a particle model of the nature of
light. Explain what is meant by validated evidence.

(2 marks)

Question 4 continues on the next page

Turn over »
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4

4

4

(c) The threshold frequency of lithium is 5.5 x 10" Hz.

(©)

(1) Calculate the work function of lithium, stating an appropriate unit,

ANSWET .eeeneiiieieeieeienieenieenens
(3 marks)
(i) Calculate the maximum kinetic energy of the emitted electrons when light of
frequency 6.2 x 10" Hz is incident on the surface of a sample of lithium.

(3 marks)
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5 A student wishes to collect data so he can plot the /-} curve for a semiconductor diode.

5 <(a) (i) Draw a suitable diagram of the circuit that would enable the student to collect
this data.

(3 marks)
5 (a) (i1) Describe the procedure the student would follow in order to obtain an /-V curve
for the semiconductor diode.

The quality of your written communication will be assessed in this question.

(6 marks)

Turn over »
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5

(b) Figure 1 shows an arrangement of a semiconducting diode and two resistors.

Figure 1
8.0Q

—
L
A +E + B

4.0Q
I
|I

A 12.0V battery is connected with its positive terminal to A and negative terminal to B.

(b) (1) Calculate the current in the 8.0 resistor

(2 marks)
(b) (i1)) Calculate the current in the 4.0 Q resistor if the p.d. across the diode, when in

forward bias, is 0.65V expressing your answer to an appropriate number of
significant figures.

(3 marks)

Turn over for the next question
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Turn over for the next question
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6 Figure 2 shows an ac waveform that is displayed on an oscilloscope screen.

Figure 2

N /TN

The time base of the oscilloscope is set at 1.5 ms per division and the y-gain at 1.5V per
division.

6 (a) For the ac waveform shown,

6 (a) (1) Calculate the frequency

for marking

ANSWET  eeeeiiiiiieeeeeeeeeeennereeeeeeeeeennnes Hz
(3 marks)
6 (a) (i1) Calculate the peak voltage
ANSWET i v
(2 marks)
1 2 M/Jun09/PHYA1
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6

6

(a) (i) the rms voltage

(b)

(2 marks)
State and explain the effect on the oscilloscope trace if the time base is switched off.

(2 marks)

13
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7 A car battery has an emf of 12V and an internal resistance of 9.5 x 10~ Q. When the battery
is used to start a car the current through the battery is 420 A.

7 (a) Calculate the voltage across the terminals of the battery, when the current through the
battery is 420 A.

(2 marks)

7 (b) The copper cable connecting the starter motor to the battery has a length of 0.75m and
cross-sectional area of 7.9 x 10°m”. The resistance of the cable is 1.6 x 10°Q.

Calculate the resistivity of the copper giving an appropriate unit.

(3 marks)

END OF QUESTIONS

1 4

M/Jun09/PHYA1



15

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE SPACES PROVIDED

15

Turn over »

M/Jun09/PHYA1




16

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE SPACES PROVIDED

Copyright © 2009 AQA and its licensors. All rights reserved.

16

M/Jun09/PHYA1




ALY/

Physics A

DATA

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 1.00728 u)

proton charge/mass ratio

neutron rest mass
(equivalent to 1.00867 u)

gravitational field strength
acceleration due to gravity

atomic mass unit
(lu is equivalent to 931.3 MeV)

ASTRONOMICAL DATA
Body Mass/kg Mean radius/m
Sun 1.99 x 10°° 6.96 x 10°
Earth  5.98 x 10** 6.37 x 10°

Symbol

4

Ho

&
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Value - Units
3.00 x 10° ms’'
4 x 107 Hm'
8.85x 107" Fm'
-1.60 x 107" C
6.63 x 107 Js
6.67 x 107" Nm’ kg™
6.02 x 10% mol™!
8.31 JK "' mol™
1.38x 107 JK
5.67x 107 Wm?K*
2.90x 107 mK
9.11 x 107 kg
1.76 x 10" Ckg"
1.67(3) x 1077 kg
9.58 x 10’ Ckg'
1.67(5) x 1077 kg
9.81 Nkg™!
9.81 ms™
1.661 x 107 kg
GEOMETRICAL EQUATIONS
arc length =ré
circumference of circle =2nr
area of circle =n/
surface area of cylinder =2nrh
volume of cylinder =nr’h
area of sphere =4nr’
4 5
volume of sphere = 3 nr

This insert page should not be sent to the examiner
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ELECTRICITY
current and _ 40 Y= w R= v
PARTICLE PHYSICS pd At o [
E
Rest energy values emf Q ( )
est ener, . . .
class name sym.bol : Me ng resistors in series R=R +R,+ R3 +...
photon photon Y 0 i ) 11 1 1
- resistors in parallel ~ —=—+—+—+
lepton neutrino Ve 0 R R R, R
Vi 0 Lo RA
T resistivity p=—
electron e 0.510999 L
k3
muon b 105.659 power p=y/=J%R=_V2
mesons | m meson T 139.576 R
m° 134.972 I, Ve
K meson K 493.821 alternating current —lms = —p> m=
K’ 497.762 MECHANICS
baryons proton p 938.257 moments moment = Fd
neutron n 939.551 velocity and _ As _Av
acceleration At a At
equations of motion v =u+ at 5= (u ; v) t
v =u*+ 2as s=ut+—}-at2
Properties of quarks 2
antiquarks have opposite signs force F=ma
baryon work, energy and W=Fscos 8
bpe charge number strangeness power Ex="%mV AEp=mgAh
AW
u + 2 e +—1— 0 P=— P=Fy
3 3 At
ful t
d B l . N l 0 efficiency = use u output power
3 3 input power
s 1 . N 1 | MATERIALS
3 3 density m Hooke’slaw F =k AL
p=—
14
. ) . F
Properties of Leptons Young _ tensilestress  tensile stress = —/I
modulus tensile strain
Lepton number . i AL
1 tensile strain = T
. L R energy E=_FAL
+
particles: e, ve; 1, vy 1 stored 5
WAVES
antiparticles: e',v_ ; u',v, -1 1
P e B wave speed  ¢=f1 period T= 7
Photons and Energy Levels fringe 2 diffraction  dsin 0 = ni
photon energy E=hf=hc/A Spacing s grating
hotoelectrici hf= ¢+ E c
P v Y= 0+ Exc refractive index of a substance s, N = —
energy levels hf=E -E, cg
h h ’
de Broglie Wavelength A= ; = P for two different substances of refractive indices ny and n,,

law of refraction  n, sin 6, = n, sin 6,

.. . n
critical angle sin 6, = -2 for n > n,

n
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