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Answer ALL questions. Write your answers in the spaces provided.

1 A student investigated how the time period 7 of a simple pendulum varies with the
length [ of the pendulum, using the apparatus shown.

| —

retort stand \ / string

.:)70/

pendulum bob

pin

The pendulum performs simple harmonic motion, hence 7 is given by the equation

/
T=2n\/:
4

The student displaced the pendulum bob by a small distance to set the pendulum
oscillating. The student measured the time for 10 complete oscillations.

(a) (i) State the reason for using a small displacement.

1)
(i) The student used a pin as a timing marker.
Explain how placing the pin at the centre of oscillation would lead to a more
accurate value for 107.
(2)
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(b) The student obtained the following results.

107/s 107'/s 107'/s 107'/s 107/s mean 107/s| mean T/s

10.15 10.32 10.20 10.28 10.24

(1) Complete the table.

(i) Calculate the percentage uncertainty in 7.

(¢c) The student doubled the length of the pendulum. She made the following prediction.

~

Prediction:

If time period for short pendulum = T,
and time period for double length = T
Then T 2/ T2 should be 2

(1) Justify the prediction.
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(i) The student determines 7 for the longer pendulum as 1.461 + 0.011 s.

Determine whether her results support her prediction.

(Total for Question 1 = 13 marks)
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2 An alternating current in a primary coil generates a magnetic field. This induces an e.m.f.
across a small secondary coil placed in the magnetic field.

(a) Explain how an e.m.f. is induced across the secondary coil.

2

(b) A student has the apparatus shown.

secondary coil

primary coil—|

connecting wires

The e.m.f. V induced across the secondary coil is given by

where

k is a constant,

N is the number of turns on the primary coil,
1 is the current in the primary coil,

d is the distance between the centres of the coils as shown.
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4 )
The student investigates how V varies with d.
Write a plan to determine & using a graphical method.
Your plan should include:
(1) a circuit diagram to show how the primary coil should be connected with any
additional components required,
1)
(i) the measurements to be made with any additional apparatus required,
3)
(iii) the graph to be plotted and how it would be used to determine %,
(2)
(iv) a statement of a significant source of uncertainty.
1)
. J
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(Total for Question 2 = 9 marks)
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s

at which peak power emission occurs from the star.

A student astronomer observed the red giant Betelgeuse.

3 The surface temperature 7" of a star can be estimated by determining the wavelength 4__

He measured the radiation flux at six wavelengths and obtained the following results.

Radiation flux / arbitrary units A/ nm
24600 685
25700 720
26500 755
27100 795
27200 855
26600 890
The data was plotted as shown.
28000
X
27000 %
2 o
g X
2
£ 26000
= X
“
j=)
=
= 25000
S
5
£
a7
24000
23000
650 700 750 800 850 900
A/ nm
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\
(a) (i) Draw a line of best fit to show where the radiation flux is a maximum.
(2)
(i) Estimate 4__ .
(1)
imax -
(iii) Calculate a value for 7.
(2)
T=
(b) Suggest two reasons why the value of /_ might not be accurate.
(2)
(Total for Question 3 = 7 marks)
J
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4 A student investigated the absorption of gamma radiation by lead, using the
apparatus shown.

/lead sheets

|: ratemeter
GM tube

lead-lined box

gamma source

X

(a) She recorded and corrected for the background count rate.

Explain why it is possible to correct for background count rate.

2)

(b) The student recorded the corrected count rate C with different thicknesses of
lead sheets.

The relationship between C and the total thickness x of the lead sheets is
C=Ce™
where C| is the count rate without any lead sheets and 4 is a constant.

Explain why plotting a graph of In C against x will produce a straight line.
(2)

13
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(¢) The student obtained the following results.

x / mm C/s™!
1.52 132
3.89 112
6.81 95
9.33 86

11.48 74
13.70 67

(i) Plot a graph of InC against x on the grid provided. Use the additional column in
the results table to record your processed data.

(i) Determine a value for x.

14
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass

Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

Unit 1

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy

List of data, formulae and relationships

=981 ms™>
k=1.38 x102 JK!
k = 1/4ns,

=8.99 x 10° Nm? C>

e=-1.60 x 10"°C

m_ =9.11 x 107'kg

1eV=1.60 x 10"]

G=6.67 x 10" N m? kg™
g=9.81Nkg!

g, =8.85x 10" F m™
h=6.63 x103Js

m =1.67 x 107" kg
¢=3.00 x 10®m s
0=5.67x10° Wm?K*
u=1.66 x 10?" kg

v=u-+at
s = ut + Ysar?
vi=u?+ 2as

2F =ma
g=Fm
W =mg

AW = FAs
E_="2mv’
AE = mgAh

grav

F = 6nyry
F = kAx
p=m/V
p=F/A

E = o0/¢ where
Stress 0 = F/A
Strain ¢ = Ax/x

E, = VAFAx
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Unit 2
Waves
Wave speed

Refractive index

Electricity
Potential difference
Resistance

Electrical power, energy and
efficiency

Resistivity

Current

Resistors in series

Resistors in parallel
Quantum physics

Photon model

Einstein’s photoelectric
equation

v=p

M, =sini/sinr =v /v,

V=w/0
R=V/I
P=VI
P=DIR
P=T17R
W=Vt

useful energy output
total energy input

% efticiency = x 100

useful power output
total power input

% efficiency = x 100

R =pl/A

1 =AQ/At

1= ngvA
R=R +R +R,
11
R R R, R
E=hf

hf =g+ vamv?
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a 2
Unit 4
Mechanics
Momentum p =my
Kinetic energy of a
non-relativistic particle E, = p’l2m
Motion in a circle v = or
T=2n/®
F = ma = mv/r
a=vIr
a=rw’

Fields
Coulomb’s law

Electric field

Capacitance
Energy stored in capacitor
Capacitor discharge

In a magnetic field

Faraday’s and Lenz’s laws

Particle physics
Mass-energy

de Broglie wavelength

F=kQ,0,/r* where k = 1/4ng,

E=FQ

E = kQ/r?
E=Vid
C=9V

W =150V
0= Qoe—nRC
F =BIlsin 6
F = Bqv sin 0
r = p/BO

e =—d(Ng)/dt
AE = c*Am
A=hp

J
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Unit 5
Energy and matter
Heating
Molecular kinetic theory

Ideal gas equation

Nuclear Physics

Radioactive decay

Mechanics

Simple harmonic motion

QGravitational force

Observing the universe
Radiant energy flux

Stefan-Boltzmann law

Wien’s law

Redshift of electromagnetic
radiation

Cosmological expansion

AE = mcAO
Yam{c*y = kT
pV = NkT

dN/dr = )N
) =In2/t,
N=Nge™

a=—-w’x

a = —-Aw?cos ot
v = —Aw sin wt
x =Acoswt

T=1/f=2n/w
F=Gmm,/r*
F = L/4nd?

L =cT%4

L = 4nricT?

), T=2.898 x 107 m K

z=AMA=Af/f=v/c
v=Hd

20

P 5 6 14 0 A0 2 0 2 0

V34V SIHL NI 31I4M LON Od V34V SIHL NI 3114M 1ON Od

V34V SIHL NI 3114M 1ON Od



