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Answer ALL questions.

1 A wire-wound resistor can become hot when there is a current in it. This heating effect
can be investigated using the apparatus shown.

thermometer

beaker water

resistor

A student investigated whether the temperature rise of the water A9 was proportional
to the current / in the resistor. For each value of current, the student refilled the beaker
with water at the same initial temperature.

(a) (1) Identify two other control variables for this investigation.

(i) The student recorded the following data.

I/A 1.5 2 2.5 3

AO 3.5 7 9.5 15

Criticise the recording of this data.
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(b) Explain one improvement the student could make to reduce the uncertainty in the
measurement of Af for each value of /.
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(Total for Question 1 = 7 marks)
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A pendulum of length / swings in a vertical plane. The string hits a peg placed at a
distance / vertically below the point of suspension as shown. This makes the pendulum
shorter for part of its motion.

support

string

peg

pendulum bob

(a) Determine the time period 7 for the whole oscillation when 2 = 0.25m.

[=1.00m
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(b) A student suggests that an approximate relationship between 7 and 4 is given by
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Devise a plan to test the validity of the relationship using a graphical method.
Include the use of a stopwatch and any additional apparatus as required.
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(c) Another student suggests determining 7 by setting up a light gate attached to a
data logger.
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Discuss whether this modification would improve the investigation.
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3 A student investigated standing waves using the apparatus shown.
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The signal generator was adjusted until a loud sound was heard at a particular
frequency, known as the resonant frequency.
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(a) Describe how the student should use the oscilloscope to identify the resonant
frequency and determine its value.
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(b) The student reduced the volume V of air inside the bottle by adding known volumes
of water. He recorded the following values of the resonant frequency f for each
value of V.

V/em? f/Hz

576 221

476 244

376 275

276 323

176 408

126 485

(i) Plot a graph of log f'against log J on the grid opposite. Use the additional
columns in the table to record your processed data.

(i1) It is suggested that the relationship between f'and V is given by

1
f=kV 2
where k is a constant.

Discuss whether the graph supports this suggestion.

(6)
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4 An L-shaped steel rod was held horizontally in a stand clamped by its shorter end as shown.

metre rule steel rod
B Diagram not
to scale
1 3
[ — ' all
E S |
E p q stand
—E

The end of the steel rod was at a height p above the bench.

A student attached a mass m to the end of the steel rod causing it to bend towards the
bench. The end of the steel rod was then at a height ¢ above the bench.

(a) (1) Describe two techniques she should use when measuring p and g.

(2)

(i1) The difference between p and ¢ was recorded as 26 mm + 1 mm.

Explain why the uncertainty in this value is given as 1 mm.
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(b) The steel rod had a circular cross-section with a diameter d of approximately 2 mm.
(1) Explain the most appropriate instrument the student should use to measure d.
(2)
(i) Explain one technique that she should use to measure d.
(2)
(ii1) She recorded the following measurements.
d/mm
2.35 2.37 2.34 2.35 2.33
Calculate the mean value of d in mm and its uncertainty.
(2)
Mean value of d = ... ... mm £ mm

.

1

mcmn R OO T Turn over »
p 6 71 5 0 A 01 1 2 0




(c) The shear modulus G is a measure of a material’s resistance to bending, and is given by

G 32mglx?
nyd*

where m is the mass attached to the end of the rod and y is the vertical deflection.

[ and x are the lengths as shown below.

: | \l/ Diagram not
___________ Lo ==Y 4 to scale

steel rod

Determine a value of G for steel in Nm™.

= 100 g with negligible uncertainty
589cm+0.1cm

10.3cm + 0.1cm

26 mm + I mm
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(d) The table shows values of G for different types of steel.

Type of steel Structural steel Carbon steel

G/10°Nm™ 79.3 77.0

Deduce whether the data provided in part (c) would allow the student to determine
the type of steel the rod was made from.

(Total for Question 4 = 16 marks)
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SXRIS

List of data, formulae and relationships QLS
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Particle nature of light
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Mechanics
Impulse

Kinetic energy of a
non-relativistic particle

Motion in a circle

Centripetal force

Electric and magnetic fields

FElectric field

Coulomb’s law
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Capacitance

Energy stored in capacitor

Capacitor discharge
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Nuclear and particle physics

Resistor capacitor discharge

In a magnetic field

Faraday’s and Lenz’s laws

In a magnetic field

Mass-energy

= ]Oe—t/RC
V= Voe—t/RC
t
RC

InQ=1InQ -

ln1=ln10—L

RC

.
RC
F = Bqgvsin 0
= Bll sin 0

In V=In V,—

B
|

AE = > Am

J
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Unit 5
Thermodynamics

Heating

Ideal gas equation

Molecular kinetic theory

Nuclear decay

Mass-energy

Radioactive decay

Oscillations

Simple harmonic motion

Simple harmonic oscillator

.

AE = mcAO
AE = LAm
pV = NkT

m<c >=2kT

NI
|w

F=kx
a=-wx

x = A cos wt

v =—-Aw sin wt

a = Aw*cos ot
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4 R
Astrophysics and cosmology
o F
Gravitational field strength g=—
m
Gravitational force F = Gm12m2
r
Gravitational field g= G_}zn
r
Gravitational potential Ve = —Gm
r
Stefan-Boltzmann law L=0T"4
Wien’s law AT =2.898 x107 mK
Intensity of radiati = L
ntensity of radiation A
AL A
Redshift of electromagnetic z=—~ & ~2
L A f ¢
radiation
Cosmological expansion v=Hd
. J
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