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NANYANG TECHNOLOGICAL UNIVERSITY
ENTRANCE EXAMINATION SYLLABUS
FOR INTERNATIONAL STUDENTS

PHYSICS

STRUCTURE OF EXAMINATION PAPER

1. There will be one 2-hour paper consisting of 20 multiple choice questions. Candidates will
be required to answer all questions.

2. Candidates will have to show working of their answers clearly. Marks will be awarded for
the working as well as the answers.

3. The questions can be set on any part of the syllabus mentioned below.

SYLLABUS

SECTION | GENERAL PHYSICS

1. Physical Quantities and Units

Content

1.1 Physical quantities

1.2 Sl Units

1.3 The Avogadro constant
1.4 Scalars and vectors

Learning Outcomes

Candidates should be able to:

(@) show an understanding that all physical quantities consist of a numerical magnitude and
a unit.

(b) recall the following base quantities and their units: mass (kg), length (m), time (s),
current (A), temperature (K), amount of substance (mol).

(c) express derived units as products or quotients of the base units and use the named
units listed in ‘Summary of Key Quantities, Symbols and Units’ as appropriate.

(d) use base units to check the homogeneity of physical equations.

(e) show an understanding of and use the conventions for labelling graph axes and table
columns as set out in the ASE publication SI Units, Signs, Symbols and Abbreviations,
except where these have been superseded by Signs, Symbols and Systematics (The
ASE Companion to 5-16 Science, 1995).

() use the following prefixes and their symbols to indicate decimal sub-multiples or
multiples of both base and derived units: pico (p), nano (n), micro (p), milli (m), centi (c),
deci (d), kilo (k), mega (M), giga (G), tera (T).

(g) make reasonable estimates of physical quantities included within the syllabus.

(h) show an understanding of the significance of the Avogadro constant as the number of
atoms in 0.012 kg of carbon-12.

(i) use molar quantities where one mole of any substance is the amount containing a
number of particles equal to the Avogadro constant.



()) distinguish scalar and vector quantities and give examples of each.
(k) add and subtract coplanar vectors.

() represent a vector as two perpendicular components.

Measurement Techniques

Content
2.1 Measurements
2.2 Errors and uncertainties

Learning Outcomes

Candidates should be able to:

*(a) use techniques for the measurement of length, volume, angle, mass, time, temperature

and electrical quantities appropriate to the ranges of magnitude implied by the relevant
parts of the syllabus.

In particular, candidates should be able to:

(1) measure temperature, using a thermometer as a sensor;
(2) use ammeters and voltmeters with appropriate scales;
(3) use a galvanometer in null methods;

(4) use a cathode-ray oscilloscope;

(5) use a calibrated Hall probe.

* (b) use both analogue scales and digital displays.

*(c) use calibration curves.

(d) show an understanding of the distinction between systematic errors (including zero
errors) and random errors.

(e) show an understanding of the distinction between precision and accuracy.

*(f) assess the uncertainty in a derived quantity by simple addition of actual, fractional or
percentage uncertainties (a rigorous statistical treatment is not required).

SECTION Il NEWTONIAN MECHANICS

3.

Kinematics

Content
3.1 Rectilinear motion
3.2 Non-linear motion

Learning Outcomes

Candidates should be able to:

(@) define displacement, speed, velocity and acceleration.
* (b) use graphical methods to represent displacement, speed, velocity and acceleration.
* (c) find displacement from the area under a velocity-time graph.
* (d) use the slope of a displacement-time graph to find the velocity.
* (e) use the slope of a velocity-time graph to find the acceleration.

(f) derive, from the definitions of velocity and acceleration, equations which represent
uniformly accelerated motion in a straight line.

* (g) solve problems using equations which represent uniformly accelerated motion in a
straight line, including the motion of bodies falling in a uniform gravitational field without
air resistance.



(h)

* (i)

describe qualitatively the motion of bodies falling in a uniform gravitational field with air
resistance.

describe and explain motion due to a uniform velocity in one direction and a uniform
acceleration in a perpendicular direction.

4. Dynamics

Content
4.1 Newton's laws of motion
4.2 Linear momentum and its conservation

Learning Outcomes

Candidates should be able to:

@)
(b)

(©)
(d)
(e)
* (f)

(@

*(h)

* (i)

* ()

state each of Newton's laws of motion.

show an understanding that mass is the property of a body which resists change in
motion.

describe and use the concept of weight as the effect of a gravitational field on a mass.
define linear momentum as the product of mass and velocity.
define force as rate of change of momentum.

recall and solve problems by using the relationship F = ma, appreciating that
acceleration and force are always in the same direction.

state the principle of conservation of momentum.

apply the principle of conservation of momentum to solve simple problems including
elastic and inelastic interactions between two bodies in one dimension. (Knowledge of
the concept of coefficient of restitution is not required.)

recognise that, for a perfectly elastic collision between two bodies, the relative speed of
approach is equal to the relative speed of separation.

show an understanding that, whilst the momentum of a system is always conserved in
interactions between bodies, some change in kinetic energy usually takes place.

5. Forces

Content

5.1 Types of force

5.2 Equilibrium of forces
5.3 Centre of gravity

5.4 Turning effects of forces

Learning Outcomes

Candidates should be able to:

(@)
(b)

()

(d)
()

(f)

recall and apply Hooke's law in problem solving.

deduce the elastic potential energy in a deformed material from the area under the
force-extension graph.

describe the forces on mass, charge and current in gravitational, electric and magnetic
fields, as appropriate.

show an understanding of the origin of the upthrust acting on a body in a fluid.

show a qualitative understanding of frictional forces and viscous forces, including air
resistance. (No treatment of the coefficients of friction and viscosity is required.)

use a vector triangle to represent forces in equilibrium.



(9)

(h)

(i)
0

(k)

show an understanding that the weight of a body may be taken as acting at a single
point known as its centre of gravity.

show an understanding that a couple is a pair of forces which tends to produce rotation
only.

define and apply the moment of a force and the torque of a couple.

show an understanding that, when there is no resultant force and no resultant torque, a
system is in equilibrium.

apply the principle of moments.

6. Work, Energy, Power

Content

6.1 Energy conversion and conservation

6.2 Work

6.3 Potential energy, kinetic energy and internal energy
6.4 Power

Learning Outcomes

Candidates should be able to:

(@)

(b)

give examples of energy in different forms, its conversion and conservation, and apply
the principle of energy conservation to simple examples.

show an understanding of the concept of work in terms of the product of a force and
displacement in the direction of the force.

* (c) calculate the work done in a number of situations, including the work done by a gas which

(d)
(e)
(f)

*(9)

(h)

(i)

0
(k)

* ()

is expanding against a constant external pressure: W = pAV.
derive, from the equations of motion, the formula Ex = %2 mv?
recall and apply the formula Ex = %2 mv?

distinguish between gravitational potential energy, electric potential energy and elastic
potential energy.

show an understanding of, and use the relationship between, force and potential energy
in a uniform field to solve problems.

derive, from the defining equation W = Fs, the formula Ep = mgh for potential energy
changes near the Earth's surface.

recall and use the formula Ep = mgh for potential energy changes near the Earth's
surface.

show an understanding of the concept of internal energy.

show an appreciation for the implications of energy losses in practical devices and use
the concept of efficiency to solve problems.

define power as work done per unit time and derive power as the product of force and
velocity



7. Motion in a Circle

Content

7.1
7.2
7.3

Kinematics of uniform circular motion
Centripetal acceleration
Centripetal force

Learning Outcomes

Candidates should be able to:

(@)
(b)
(©)
*(d)

()
(f)

express angular displacement in radians.
understand and use the concept of angular velocity to solve problems.
recall and use v = rw to solve problems.

describe qualitatively motion in a curved path due to a perpendicular force, and
understand the centripetal acceleration in the case of uniform motion in a circle.

recall and use centripetal acceleration a = rw?, a=Vvrr.

recall and use centripetal force F = mrw?, F = mv/r.

8. Gravitational Field

Content

8.1
8.2
8.3
8.4
8.5

Gravitational field

Force between point masses

Field of a point mass

Field near to the surface of the Earth
Gravitational potential

Learning Outcomes

Candidates should be able to:

(@)

* (b)

(©)

*(d)

()

* (f)
(9)
* (h)

(i)

*0)

(k)

show an understanding of the concept of a gravitational field as an example of field of
force and define gravitational field strength as force per unit mass.

recall and use Newton's law of gravitation in the form F = Gmym,/r’.

derive, from Newton's law of gravitation and the definition of gravitational field strength,
. M I ) .
the equation g = Gr—z for the gravitational field strength of a point mass.

. ) M I )
recall and solve problems by using the equation g = i—z for the gravitational field strength
of a point mass.

show an appreciation that on the surface of the Earth g is approximately constant and is
called the acceleration of free fall.

describe an experiment to determine the acceleration of free fall, using a falling body.
define potential at a point as the work done in bringing unit mass from infinity to the point.
solve problems by using the equation @ = GTM for the potential in the field of a point
mass.

recognise the analogy between certain qualitative and quantitative aspects of
gravitational and electric fields.

analyse circular orbits in inverse square law fields by relating the gravitational force to the
centripetal acceleration it causes.

show an understanding of geostationary orbits and their application.



SECTION IIl MATTER

9. Ideal Gases

Content

9.1 Equation of state

9.2 Kinetic theory of gases

9.3 Pressure of a gas

9.4 Kinetic energy of a molecule

Learning Outcomes

Candidates should be able to:

(@)

(b)
()
(d)

()

recall and solve problems by using the equation of state for an ideal gas expressed as
pV = nRT. (nh = number of moles.)

infer from Brownian Motion experiment the evidence for the movement of molecules.
state the basic assumptions of the kinetic theory of gases.

explain how molecular movement causes the pressure exerted by a gas and hence
deduce the relationship, p = % NTm <c?> (N = number of molecules.)

[A rigorous derivation is not required.]

compare pV = % Nm < ¢? > with pV = NkT and hence deduce that the average
translational kinetic energy of a molecule is proportional to T.

10. Temperature

Content

10.1 Thermal equilibrium
10.2 Temperature scales
10.3 Practical thermometers

Learning Outcomes

(@)

(b)
(€)

*(d)

()

(f)

show an appreciation that thermal energy is transferred from a region of higher
temperature to a region of lower temperature.

show an understanding that regions of equal temperature are in thermal equilibrium.

show an understanding that a physical property which varies with temperature may be
used for the measurement of temperature and state examples of such properties.

compare the relative advantages and disadvantages of resistance and thermocouple
thermometers as previously calibrated instruments.

show an understanding that there is an absolute scale of temperature which does not
depend on the property of any particular substance (i.e. the thermodynamic scale and
the concept of absolute zero).

convert temperatures measured in kelvin to degrees Celsius: T/K = 8/°C + 273.15.



11. Thermal Properties of Materials

Content

11.1  Specific heat capacity

11.2  Specific latent heat

11.3 Internal energy

11.4 First law of thermodynamics
Learning Outcomes

Candidates should be able to:

(@)

(b)
(€)
(d)
(e)

(f)

explain, using a simple kinetic model for matter, why
(i) melting and boiling take place without a change in temperature,

(i) the specific latent heat of vaporisation is higher than specific latent heat of fusion for
the same substance,

(i) a cooling effect accompanies evaporation.

define and use the concept of specific heat capacity, and identify the main principles of
its determination by electrical methods.

define and use the concept of specific latent heat, and identify the main principles of its
determination by electrical methods.

relate a rise in temperature of a body to an increase in its internal energy.

show an understanding that internal energy is determined by the state of the system and
that it can be expressed as the sum of a random distribution of kinetic and potential
energies associated with the molecules of a system.

recall and use the first law of thermodynamics expressed in terms of the change in
internal energy, the heating of the system and the work done on the system.

SECTION IV OSCILLATIONS AND WAVES

12. Oscillations

Content

121
12.2
12.3

Learning

Simple harmonic motion
Energy in simple harmonic motion
Damped and forced oscillations: resonance

Outcomes

Candidates should be able to:

@)
* ()
(©
(d)

(e)

describe simple examples of free oscillations.
investigate the motion of an oscillator, using experimental and graphical methods.

understand and use the terms amplitude, period, frequency, angular frequency and
phase difference and express the period in terms of both frequency and angular
frequency.

recognise and use the equation a = -w’x as the defining equation of simple harmonic
motion.

recall and use x = X sinwt as a solution to the equation a = -wx.



(f)

recognise and use

v = v, coS wt

v = twyX,® — X2

* (g) describe, with graphical illustrations, the changes in displacement, velocity and
acceleration during simple harmonic motion.

(h) describe the interchange between kinetic energy and potential energy during simple
harmonic motion.

* (i) describe practical examples of damped oscillations with particular reference to the
effects of the degree of damping and the importance of critical damping in cases such
as a car suspension system.

(i) describe practical examples of forced oscillations and resonance.

* (k) describe graphically how the amplitude of a forced oscillation changes with frequency
near to the natural frequency of the system, and understand qualitatively the factors
which determine the frequency response and sharpness of the resonance.

(h  show an appreciation that there are some circumstances in which resonance is useful
and other circumstances in which resonance should be avoided.
13. Waves
Content
13.1 Progressive waves
13.2 Transverse and longitudinal waves
13.3 Polarisation
13.4 Determination of speed, frequency and wavelength
13.5 Electromagnetic spectrum

Learning Outcomes

Candidates should be able to:

(a)

(b)

()
(d)
(e)
®
(9)
* (h)
(i)

* (k)

describe what is meant by wave motion as illustrated by vibration in ropes, springs and
ripple tanks.

show an understanding and use the terms displacement, amplitude, phase
difference,period, frequency, wavelength and speed.

deduce, from the definitions of speed, frequency and wavelength, the equation v = fA.
recall and use the equation v =fA.

show an understanding that energy is transferred due to a progressive wave.

recall and use the relationship, intensity « (amplitude)2 .

compare transverse and longitudinal waves.

analyse and interpret graphical representations of transverse and longitudinal waves.

show an understanding that polarisation is a phenomenon associated with transverse
waves.

determine the frequency of sound, using a calibrated c.r.o.
determine the wavelength of sound, using stationary waves.

state that all electromagnetic waves travel with the same speed in free space and recall
the orders of magnitude of the wavelengths of the principal radiations from radio waves
to y -rays.



14. Superposition

Content

14.1  Stationary waves

14.2 Diffraction

14.3 Interference

14.4 Two-source interference patterns

14.5

Diffraction grating

Learning Outcomes

Candidates should be able to:

*(a)
* ()

* ()

(d)
(e)

Q]
(@

(h)
(i)
1)

explain and use the principle of superposition in simple applications.

show an understanding of experiments which demonstrate stationary waves, using
microwaves, stretched strings and air columns.

explain the formation of a stationary wave, using a graphical method, and identify
nodes and antinodes.

explain the meaning of the term diffraction.

show an understanding of experiments which demonstrate diffraction, including the
diffraction of water waves in a ripple tank both with a wide gap and with a narrow gap.

show an understanding of the terms interference and coherence.

show an understanding of experiments which demonstrate two-source interference,
using water, light and microwaves.

show an understanding of the conditions required if two-source interference fringes
are to be observed.

recall and solve problems by using the equation A = ax/D for double-slit interference
using light.

recall and solve problems by using the formula d sin 8 = nA and describe the use of a
diffraction grating to determine the wavelength of light. (The structure and use of the
spectrometer is not included.)

SECTION V ELECTRICITY AND MAGNETISM

15. Electric Fields

Content

151
15.2
15.3
154
155

Concept of an electric field
Force between point charges
Electric field of a point charge
Uniform electric fields
Electric potential

Learning Outcomes

Candidates should be able to:

@)

(b)
* ()

*(d)

show an understanding of the concept of an electric field as an example of a field of
force and define electric field strength as force per unit positive charge.

represent an electric field by means of field lines.

recall and use Coulomb's law in the form F = Q1Qz/4Tteor” for the force between two
point charges in free space or air.

recall and use E = Q/4Tteor” for the field strength of a point charge in free space or air.



(e)

]
(@)
(h)

@

*(0)
(k)

calculate the field strength of the uniform field between charged parallel plates in
terms of potential difference and separation.

calculate the forces on charges in uniform electric fields.
describe the effect of a uniform electric field on the motion of charged particles.

define potential at a point in terms of the work done in bringing unit positive charge
from infinity to the point.

state that the field strength of the field at a point is numerically equal to the potential
gradient at that point.

use the equation V = Q/4Tteor for the potential in the field of a point charge.

recognise the analogy between certain qualitative and quantitative aspects of electric
and gravitational fields.

16. Capacitance

Content

16.1 Capacitors and capacitance

16.2 Energy stored in a capacitor

Learning Outcomes

Candidates should be able to:

(a)
(b)
(©)
(d)

(e)
* ()

show an understanding of the function of capacitors in simple circuits.
define capacitance and the farad.
recall and solve problems by using C = Q/V

derive, using the formula C = Q/V, conservation of charge and the addition of p.d's,
formulae for capacitors in series and in parallel.

solve problems by using formulae for capacitors in series and in parallel.

deduce, from the area under a potential-charge graph, the equation W = %2QV and
hence W = 15CV>.

17. Current of Electricity

Content

17.1 Electric current

17.2 Potential difference

17.3 Resistance and resistivity
17.4 Sources of electromotive force

Learning Outcomes

Candidates should be able to:

(@)
(b)
(©
(d)
(e)
(f)

show an understanding that electric current is the rate of flow of charged particles.
define charge and the coulomb.

recall and solve problems by using the equation Q = It.

define potential difference and the volt.

recall and solve problems by using V = W/Q.

recall and solve problems by using P = VI, P = I°R.

10



@
(h)
* (i)

)
(k)
o
(m)

(n)
(0)

define resistance and the ohm.
recall and solve problems by using V = IR.

sketch and explain the |-V characteristics of a metallic conductor at constant
temperature, a semiconductor diode and a filament lamp.

sketch the temperature characteristic of a thermistor.
state Ohm's law.
recall and solve problems by using R = pl/A.

define e.m.f. in terms of the energy transferred by a source in driving unit charge
round a complete circuit.

distinguish between e.m.f. and p.d in terms of energy considerations.

show an understanding of the effects of the internal resistance of a source of e.m.f. on
the terminal potential difference and output power.

18. D.C. Circuits

Content

18.1 Practical circuits

18.2 Conservation of charge and energy
18.3 Balanced potentials

Learning Outcomes

Candidates should be able to:

@)

(b)

(©)
(d)
(e)

(f)

(@

(h)

)

* (k)

o

recall and use appropriate circuit symbols as set out in S| Units, Signs, Symbols and
Abbreviations (ASE, 1981) and Signs, Symbols and Systematics (ASE, 1995).

draw and interpret circuit diagrams containing sources, switches, resistors, ammeters,
voltmeters, and/or any other type of component referred to in the syllabus.

recall Kirchhoff's first law and appreciate the link to conservation of charge.
recall Kirchhoff's second law and appreciate the link to conservation of energy.

derive, using Kirchhoff's laws, a formula for the combined resistance of two or more
resistors in series.

solve problems by using the formula for the combined resistance of two or more
resistors in series.

derive, using Kirchhoff's laws, a formula for the combined resistance of two or more
resistors in parallel.

solve problems using the formula for the combined resistance of two or more resistors
in parallel.

apply Kirchhoff's laws to solve simple circuit problems.

show an understanding of the use of a potential divider circuit as a source of variable
p.d.

explain the use of thermistors and light-dependent resistors in potential dividers to
provide a potential difference which is dependent on temperature and illumination
respectively.

recall and solve problems by using the principle of the potentiometer as a means of
comparing potential differences.

11



19. Magnetic Fields

Content
19.1 Concept of magnetic field

Learning Outcomes

Candidates should be able to:

(@)

(b)

show an understanding that a magnetic field is an example of a field of force produced
either by current-carrying conductors or by permanent magnets.

represent a magnetic field by field lines.

20. Electromagnetism

Content

20.1 Force on a current-carrying conductor

20.2 Force on a moving charge

20.3 Magnetic fields due to currents

20.4 Force between current-carrying conductors

Learning Outcomes

Candidates should be able to:

(a)

(b)

(©
(d)

(e)
()
)
(h)

(i)

show an appreciation that a force might act on a current-carrying conductor placed in
a magnetic field.

recall and solve problems by using the equation F = BIl sin 6, with directions as
interpreted by Fleming's left-hand rule.

define magnetic flux density and the tesla.

show an understanding of how the force on a current-carrying conductor can be used
to measure the flux density of a magnetic field, using a current balance.

predict the direction of the force on a charge moving in a magnetic field.
recall and solve problems by using F = BQv sin 6.
sketch flux patterns due to a long straight wire, a flat circular coil and a long solenoid.

show an understanding that the field due to a solenoid may be influenced by the
presence of a ferrous core.

explain the forces between current-carrying conductors and predict the directions of
the forces.

21. Electromagnetic Induction

Content
21.1 Laws of electromagnetic induction

Learning Outcomes

Candidates should be able to:

@)
(b)
(©

define magnetic flux and the weber.
recall and solve problems by using @ = BA.

define magnetic flux linkage.

12



*(d)

(e)

(f)

infer from appropriate experiments on electromagnetic induction:

(i) that a changing magnetic flux can induce an e.m.f. in a circuit,

(ii) that the direction of the induced e.m.f. opposes the change producing it,
(ii) the factors affecting the magnitude of the induced e.m.f.

recall and solve problems by using Faraday's law of electromagnetic induction and
Lenz's law.

explain simple applications of electromagnetic induction.

22. Alternating Currents

Content

22.1 Characteristics of alternating currents
22.2 The transformer

22.3 Transmission of electrical energy
22.4 Rectification

Learning Outcomes

Candidates should be able to:

(a)

* (b)

* ()

(d)

(e)

()

*(9)
(h)
(i)

* ()

show an understanding of, and use, the terms period, frequency, peak value and root-
mean-square value as applied to an alternating current or voltage.

deduce that the mean power in a resistive load is half the maximum power for a
sinusoidal alternating current.

represent an alternating current or an alternating voltage by an equation of the form x
= Xo Sin wt.

distinguish between r.m.s. and peak values and recall and solve problems by using

the relationship /rms = % for the sinusoidal case.

show an understanding of the principle of operation of a simple iron-cored transformer
and solve problems by using Ns/Np = Vs/Vp = Ip/ls for an ideal transformer.

show an appreciation of the scientific and economic advantages of alternating current
and of high voltages for the transmission of electrical energy.

distinguish graphically between half-wave and full-wave rectification.
explain the use of a single diode for the half-wave rectification of an alternating current.

explain the use of four diodes (bridge rectifier) for the full-wave rectification of an
alternating current.

analyse the effect of a single capacitor in smoothing, including the effect of the value
of capacitance in relation to the load resistance.

23. Analogue Electronics

Content

23.1
23.2

The ideal operational amplifier
Operational amplifier circuits

13



Learning Outcomes

Candidates should be able to:
(@) identify the main properties of the ideal operational amplifier.

(b) deduce, from the properties of the ideal operational amplifier, the use of an operational
amplifier as a comparator.

(c) show an understanding of the effects of negative feedback on the gain and on the
bandwidth of an operational amplifier.

(d) recall the circuit diagrams for both the inverting and the non-inverting amplifier for
single signal input.

(e) show an understanding of the virtual earth approximation and derive an expression for
the gain of inverting amplifiers.

()  recall and solve problems by using expressions for the voltage gain of inverting and
non-inverting amplifiers.

SECTION VI MODERN PHYSICS

24,

Charged Particles

Content
24.1 Electrons
24.2 Beams of charged particles

Learning Outcomes

Candidates should be able to:

25.

* (@) show an understanding of the main principles of determination of experiment e by

Millikan's experiment.

(b) summarise and interpret the experimental evidence for quantisation of charge.

* (c) describe and analyse qualitatively the deflection of beams of charged particles by

uniform electric and uniform magnetic fields.

(d) explain how electric and magnetic fields can be used in velocity selection.

* (e) explain the main principles of one method for the determination of v and e/me for

electrons.

Quantum Physics

Content

25.1 Energy of a photon

25.2 Photoelectric emission of electrons
25.3 Wave-patrticle duality

25.4 Energy levels in atoms

25.5 Line spectra

Candidates should be able to:

(@) show an appreciation of the particulate nature of electromagnetic radiation.

(b) recall and use E = hf.

* (c) show an understanding that the photoelectric effect provides evidence for a particulate

nature of electromagnetic radiation while phenomena such as interference and
diffraction provide evidence for a wave nature.

14



(d)
(e)
(f)

@
* (h)

@

(k)
o

recall the significance of threshold frequency.
explain photoelectric phenomena in terms of photon energy and work function energy.

explain why the maximum photoelectric energy is independent of intensity whereas
the photoelectric current is proportional to intensity.

recall, use and explain the significance of hf = ® + %% mv? max.

describe and interpret qualitatively the evidence provided by electron diffraction for the
wave nature of particles.

recall and use the relation for the de Broglie wavelength A = h/p.

show an understanding of the existence of discrete electron energy levels in isolated
atoms (e.g. atomic hydrogen) and deduce how this leads to spectral lines.

distinguish between emission and absorption line spectra.

recall and solve problems by using the relation hf = E1 - Ez.

26. Nuclear Physics

Content

26.1
26.2
26.3
26.4
26.5

The nucleus

Isotopes

Mass excess and nuclear binding energy
Nuclear processes

Radioactive decay

Learning Outcomes

Candidates should be able to:

* ()

* ()

(©)

(d)

(e)
®

(@
(h)

@)

)

(k)
o

infer from the results of the a-particle scattering experiment the existence and small
size of the nucleus.

describe a simple model for the nuclear atom to include protons, neutrons and orbital
electrons.

distinguish between nucleon number (mass number) and proton number (atomic
number).

show an understanding that an element can exist in various isotopic forms each with a
different number of neutrons.

use the usual notation for the representation of nuclides.

show an appreciation of the association between energy and mass as represented by
E = mc®.

sketch the variation of binding energy per nucleon with nucleon number.

explain the relevance of binding energy per nucleon to nuclear fusion and to nuclear
fission.

appreciate that nucleon number, proton number, energy and mass are all conserved in
nuclear processes.

represent simple nuclear reactions by nuclear equations of the form
14
N+3He - 0+ 1H
show an appreciation of the spontaneous and random nature of nuclear decay.

show an understanding of the nature of @, #and yradiations.

15



* (m) infer the random nature of radioactive decay from the fluctuations in count rate.
(n) define the terms activity and decay constant and recall and solve problems by using
A= /N.

* (0) infer and sketch the exponential nature of radioactive decay and solve problems by
using the relationship x = x.exp(-At), where x could represent activity, number of
undecayed particles and received count rate.

(p)  define half-life.

0.693

(@) solve problems by using the relation A = -

N =

16



MATHEMATICAL REQUIREMENTS

Arithmetic

Candidates should be able to:

(@)
(b)
()

(d)

()

recognise and use expressions in decimal and standard form (scientific) notation.
recognise and use binary notation.

use appropriate calculating aids (electronic calculator or tables) for addition, subtraction,
multiplication and division. Find arithmetic means, powers (including reciprocals and square
roots), sines, cosines, tangents (and the inverse functions), exponentials and logarithms (Ig
and In).

take account of accuracy in numerical work and handle calculations so that significant figures
are neither lost unnecessarily nor carried beyond what is justified.

make approximate evaluations of numerical expressions (e.g. m? ~ 10) and use such
approximations to check the magnitude of machine calculations.

Algebra

Candidates should be able to:

(@)

(b)

(€)

(d)

(e)

()
(9)

change the subject of an equation. Most relevant equations involve only the simpler
operations but may include positive and negative indices and square roots.

solve simple algebraic equations. Most relevant equations are linear but some may involve
inverse and inverse square relationships. Linear simultaneous equations and the use of the
formula to obtain the solutions of quadratic equations are included.

substitute physical quantities into physical equations, using consistent units, and check the
dimensional consistency of such equations.

formulate simple algebraic equations as mathematical models of physical situations, and
identify inadequacies of such models.

recognise and use the logarithmic forms of expressions like ab, a/b, x", e understand the use
of logarithms in relation to quantities with values that range over several orders of magnitude.

express small changes or errors as percentages and vice versa.

comprehend and use the symbols <, >, &, »,~,/,%<x> (=x ), S, Ax, 8x,V .

Geometry and trigonometry

Candidates should be able to:

(@)

(b)
(€)

(d)
(e)

calculate areas of right-angled and isosceles triangles, the circumference and area of circles,
the surface areas and volumes of rectangular blocks, cylinders and spheres.

use Pythagoras' theorem, similarity of triangles, the angle sum of a triangle.

use sines, cosines and tangents (especially for 0°, 30°, 45°, 60° ,90°). Use the trigonometric
relationships for triangles:

a b c ) 5 5
= = ;a° = b+ c¢°— 2bc cosA
sinA sinB sinC

use sin @=tan §=0and cos =1 for small &, sin® 8+ cos® 6= 1.

understand the relationship between degrees and radians (defined as arc/radius), translate
from one to the other and use the appropriate system in context.
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Vectors

Candidates should be able to:

(@) find the resultant of two coplanar vectors, recognising situations where vector addition is
appropriate.

(b) obtain expressions for components of a vector in perpendicular directions, recognising
situations where vector resolution is appropriate.

Graphs

Candidates should be able to:

(@)
(b)
(€)
(d)

()

(f)

(9)
(h)

(i)

translate information between graphical, numerical, algebraic and verbal forms.
select appropriate variables and scales for graph plotting.
for linear graphs, determine the slope, intercept and intersection.

choose, by inspection, a straight line which will serve as the best straight line through a set of
data points presented graphically.

recall standard linear form y = mx + ¢ and rearrange relationships into linear form where
appropriate.

sketch and recognise the forms of plots of common simple expressions like 1/x, X2, 1/ X2, sin
-X
X, COS X, €.

use logarithmic plots to test exponential and power law variations.

understand, draw and use the slope of a tangent to a curve as a means to obtain the gradient,
and use notation in the form dy/dx for a rate of change.

understand and use the area below a curve where the area has physical significance.

18



GLOSSARY OF TERMS USED IN PHYSICS PAPERS

It is hoped that the glossary will prove helpful to candidates as a guide, although it is not
exhaustive. The glossary has been deliberately kept brief not only with respect to the number of
terms included but also to the descriptions of their meanings. Candidates should appreciate that
the meaning of a term must depend in part on its context. They should also note that the number
of marks allocated for any part of a question is a guide to the depth of treatment required for the
answer.

1

10
11

12

13

14

15

Define (the term(s) ...) is intended literally. Only a formal statement or equivalent paraphrase,
such as the defining equation with symbols identified, being required.

What is meant by ... normally implies that a definition should be given, together with some
relevant comment on the significance or context of the term(s) concerned, especially where
two or more terms are included in the question. The amount of supplementary comment
intended should be interpreted in the light of the indicated mark value.

Explain may imply reasoning or some reference to theory, depending on the context.

State implies a concise answer with little or no supporting argument, e.g. a numerical answer
that can be obtained ‘by inspection’.

List requires a number of points with no elaboration. Where a given number of points is
specified, this should not be exceeded.

Describe requires candidates to state in words (using diagrams where appropriate) the main
points of the topic. It is often used with reference either to particular phenomena or to
particular experiments. In the former instance, the term usually implies that the answer should
include reference to (visual) observations associated with the phenomena. The amount of
description intended should be interpreted in the light of the indicated mark value.

Discuss requires candidates to give a critical account of the points involved in the topic.

Deduce/Predict implies that candidates are not expected to produce the required answer by
recall but by making a logical connection between other pieces of information. Such
information may be wholly given in the question or may depend on answers extracted in an
earlier part of the question.

Suggest is used in two main contexts. It may either imply that there is no unique answer or
that candidates are expected to apply their general knowledge to a ‘novel’ situation, one that
formally may not be ‘in the syllabus’.

Calculate is used when a numerical answer is required. In general, working should be shown.

Measure implies that the quantity concerned can be directly obtained from a suitable
measuring instrument, e.g. length, using a rule, or angle, using a protractor.

Determine often implies that the quantity concerned cannot be measured directly but is
obtained by calculation, substituting measured or known values of other quantities into a
standard formula, e.g. the Young modulus, relative molecular mass.

Show is used when an algebraic deduction has to be made to prove a given equation. It is
important that the terms being used by candidates are stated explicitly.

Estimate implies a reasoned order of magnitude statement or calculation of the quantity
concerned. Candidates should make such simplifying assumptions as may be necessary
about points of principle and about the values of quantities not otherwise included in the
guestion.

Sketch, when applied to graph work, implies that the shape and/or position of the curve need
only be qualitatively correct. However, candidates should be aware that, depending on the
context, some quantitative aspects may be looked for, e.g. passing through the origin, having
an intercept, asymptote or discontinuity at a particular value. On a sketch graph, it is essential
that candidates clearly indicate what is being plotted on each axis.
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16 Sketch, when applied to diagrams, implies that a simple, freehand drawing is acceptable:
nevertheless, care should be taken over proportions and the clear exposition of important
details.

17 Compare requires candidates to provide both similarities and differences between things or
concepts.
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SUMMARY OF KEY QUANTITIES, SYMBOLS AND UNITS

The following list illustrates the symbols and units which will be used in question papers.

Corresponding lists of symbols and units have not been provided for the Options. Where possible,
conventional, well-established symbols and units will be used in Options questions, i.e. as given in
the current ASE publication.

Quantity Usual symbols Usual unit
Base quantities

mass m kg
length N m
time T s
electric current / A
thermodynamic temperature T K
amount of substance n mol
Other Quantities

distance d m
displacement S, X m
area A m’
volume V,v m’
density r kg m™
speed u,Vv,w,c ms’
velocity u,Vv,w,c ms"’
acceleration a ms”
acceleration of free fall g ms
force F N
weight W N
momentum p Ns
work w, W J
energy E,UW J
potential energy Ep J
kinetic energy Ex J
heating Q J
change of internal energy kU J
power P w
pressure p Pa
torque T Nm
gravitational constant G N kg'2 m’
gravitational field strength g N kg'1
gravitational potential 0] J kg'1
angle g °, rad
angular displacement 0 °, rad
angular speed . rads”
angular velocity . rads™
period T s
frequency f Hz
angular frequency . rads”
wavelength / m
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Quantity

speed of electromagnetic waves

electric charge
elementary charge
electric potential

electric potential difference

electromotive force
resistance

resistivity

electric field strength
permittivity of free space

capacitance

time constant
magnetic flux
magnetic flux density
permeability of free space
stress

strain

force constant
Young modulus
Celsius temperature
specific heat capacity
molar heat capacity
molar gas constant
Boltzmann constant
Avogadro constant
number

number density
(number per unit volume)
Planck constant
work function energy
activity of radioactive
decay constant
half-life

relative atomic mass
relative molecular mass
atomic mass

electron mass
neutron mass

proton mass

molar mass

proton number
nucleon number
neutron number

Usual symbols

T MmN I mMm< < D0 O

T W Cc a0
) o

@ M X m Q

Z X 0O O
> 3

=z
>

~ ~ > Cc T S
o = =

[

z>»NZzZ2Z2TXZIZP

3
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Usual unit
ms™

§x<<<no

<
3

“w m Mmooz
3 0
R

JK* kg':l
JK mol™®

JK  mol™

kg, u
kg, U
kg, u
kg, U
kg mol™



DATA AND FORMULAE

Data

speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,

gravitational constant,

acceleration of free fall,

Formulae

uniformly accelerated motion,

work done on/by a gas
gravitational potential

refractive index

displacement of particle in s.h.m.

velocity of particle in s.h.m.

resistors in series

resistors in parallel

electric potential

capacitors in series
capacitors in parallel
energy of charged capacitor
alternating current/voltage
hydrostatic pressure

pressure of an ideal gas

radioactive decay

decay constant

equation of continuity
Bernoulli equation (simplified)
{G215aqQ tI ¢

drag force in turbulent flow

Mo

< O”n
N

23<<><:c:§

1/R

<

1/C

'O'CSXEO

>

Av
po+ % pvs°
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3.00x10°ms*
ar x 107 m*

8.85x 102 Fm™

1.60x 10" C
6.63x10%*Js

1.66 x 10 kg
9.11x 10> kg

1.67 x 10 kg

8.31J K" mol™

6.02 x 10 mol™
1.38x 102 JK*
6.67 x 10" N m*kg™
9.81ms”

ut +% at’

u* +2as

pkVv

-Gm/r

1/sinC

Xo Sin .+ t

V,cos - t
iw\/m
Ri+R,b XD
1/R;+1/R, b XD D
Q/4meor

1/G,+1/CG;b XD
G+Gb X

% QV

Xo Sin .+ t

rgh
1 Nm <>
3 Vv ~°¢
Xo exp (-1 t)
0.693

ty, !
constant
P+ % sz2
Arfv

Bripv®




TEXTBOOKS

Advanced Physics, edited by J. Ling, published by Longman, ISBN 0-582-35596-6

Understanding Physics for Advanced Level (Third Edition), by J. Breithaupt, published by Stanley Thornes,
ISBN 0-7487-1579-7

Accessible Physics, by F. Azzopardi & B. Stewart, published by Macmillan, ISBN 0-333-2780-6
Advanced Physics (4th Edition), by T. Duncan, published by John Murray, ISBN 0-7195-5199-4
Physics in Focus, by M. Brimicombe, published by Nelson, ISBN 0-17-448174-8

(ELBS version, 0-17-448179-9)

Physics, by P. Fullick, published by Heinemann, ISBN 0-435-57078-1

Advanced Physics (2nd Edition), by K. Gibbs, published by Cambridge University Press,
ISBN 0-521-39985-8
Physics, by R. Hutchings, published by Nelson, ISBN 0-17-438510-2

Cambridge Problems in Physics (2nd Edition), by P.P. Dendy, R. Tuffnell & C.H.B. Mee, published
by Cambridge University Press, ISBN 0-521-40956-X

Cambridge Modular Sciences Series (Cambridge University Press)

Foundation Physics, by K. Gibbs & R. Hutchings, ISBN 0-521-42197-7
Basic Physics 1 and 2, by D. Sang, ISBN 0-521-48502-9

Further Physics, by D. Sang, ISBN 0-521-55606-6

Health Physics, by A. McCormick & A. Elliott, ISBN 0-521-42155-1
Cosmology, by B. Milner, ISBN 0-521-42162-4
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