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IMPORTANT NOTICE

This pack contains general tutorial questions and solutions
for the Electrical Phenomena (AH) unit and Wave
Phenomena (AH) unit.

Questions with solutions for the Mechanics (AH) have
already been published







INTRODUCTION

The Advanced Higher student support material contains tutorials for each topic.
Many of these questions are of a demanding nature and provide suitable cover of the
course content. Full solutions to these tutorials have been provided.

These General Tutorial Questions are designed to provide basic practice for each
topic. A number of questions are provided for each topic, together with brief
solutions. These questions are intended to complement the Tutorials in the student
material. These questions may be used before or in conjunction with the tutorial
questions already published. Solutions are provided.

A set of Course Questions, similar to the Course Questions produced at the Higher,

Int 2and Int 1 levels, is published separately. These questions are for usein
constructing a prelim or for homework and course revision.

Physics: General Tutorial Questions



DATA
Common Physical quantities

QUANTITY SYMBOL VALUE
Gravitational acceleration g 9.8 ms?
Radius of Earth Re 6.4x10°m
Mass of Earth Mg 6.0 x 10** kg
Mass of Moon My 7.3x 10% kg
Mean radius of Moon orbit 3.84x 108 m
Universal constant of gravitation G 6.67 x 10" m* kg’ s?
Speed of light in vacuum c 3.0x10* ms?
Speed of sound in air v 34x10° ms?
Mass of electron Me 9.11 x 10% kg
Charge on electron e -1.60x 10 C
M ass of neutron My 1.675x 10%" kg
Mass of proton mp 1.673 x 10%" kg
Planck’s constant h 6.63x10%* Js
Permittivity of free space €0 8.85x 102 Fm*
Permeability of free space o 4m x 107 H m
Refractive index of water n 1.33

of perspex n 15

The solutions to the questions use the data values given above.

Physics: General Tutorial Questions (AH)



Coulomb’sinverse square law and electric field strength

1

10.

11.

Physics: General Tutorial Questions— Electrical Phenomena (AH)

State Coulomb’ s inverse square law for the force between two point charges.
State the name and unit for each symbol used in the above equation.

Calculate the electrogtatic force between two electrons placed 1.5 nm apart.

The electrostatic repulsive force between two protonsin anucleusis 14 N.
Find the separation between the protons.

Four charges of +4.0 nC are situated at each of the corners of asquare 0.10 m
wide as shown below.
"4

0.10m

P Si

(@) Determine the electrogtatic force on charge P.
(b) What isthe electrostatic force on a—1.0 nC charge placed at the centre of the
square. You must justify your answer.

Three +20 nC charges X, Y, Z are placed on a straight line as shown below.

X® @ @ Z
Y
<4—— 080m > < 0.80 m———p

Calculate the electrogtatic force acting on charge Z.

State the meaning of the term ‘electric field strength at apoint’.

State the equation for the electric field strength, E,

(@) at adistancer fromapoint charge Q

(b) between two parallel plates, a distance d apart, when ap.d. Vis applied
across the plates.

Derive the equation stated in 7 (b) above for a uniform electric field.

What is the electric field strength at 20° m from a helium nucleus?

A small sphere has a charge of +2.0 uC. At what distance from the sphere is the
magnitude of the electric field strength 72 000 N C*?

Two parallel plates are separated by 0.020 m. A potential difference of 4.0kV is
applied across the plates. + 40KV

(@) Statethe direction of the electric field strength between the plates.
(b) What isthe value of the electric field strength

(i) mid way between the plates

(i) just below the top plate.



Electric fields and electrostatic potential

1. A metallic sphere has aradius of 0.040 m. The charge on the sphereis+ 30 uC.
Determine the electric field strength
(@) inside the sphere
(b) at the surface of the sphere
(c) at adistance of 1.0 m from the centre of the sphere.

2. Describe, with the aid of a diagram, the process of charging by induction.
3. What is meant by the ‘electrogtatic potential at a point’?

4. Statethe expression for the electrostatic potential at a distance r from a point
charge Q.

5. Determine the electrogtatic potential at a distance of 3.0 m from a point charge of
+4.0 nC.

6. Point A is2.0 m from apoint charge of — 6.0 nC . Point B is5.0 m from the same
point charge. Determine the potential difference between point A and point B.

7. What is meant by an equipotential surface.

8. A very small sphere carries a positive charge. Draw a sketch showing lines of
electric field for this charge. Add lines of equipotential to your sketch using
broken dashed lines.

9. Two charges of + 4.0 nC and —2.0 nC are situated 0.12 m apart.
Find the position of the point of zero electrostatic potential.

10. Which of the following are vector quantities:
electrogatic force, electric field strength, electrostatic potential, permittivity of
free space, electric charge, potential difference.

11. Two charges each of +2.5 nC are situated 0.40 m apart as shown below.

X Y
0.10m Io.lo m

+2.5nC

| o +2.5nC
0.20m 0.20m »e

(@ (i) What isthe electrostatic potential at point X?
What is the electrostatic potential at point Y?
(b) Determine the potential difference between X and Y.

12. Inauniform electric field an electron gains 10 J when travelling between two
points. What isthe p.d. between these two points?
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Chargesin motion

1. Two parallel plates are connected to a 1000 V supply as shown below.
+1000 V

-6.0uC
ov

A —6.0 uC chargeisjust at the lower surface of the top plate.
(@ How much work is done in moving the —6.0 uC charge between the plates?
(b) Describe the energy transformation associated with the movement of a

-6.0 uC charge, when it isreleased from the bottom plate.

2. Ap.d.of 3.0x 10"V is applied between two large parallel plates. The electric
field strength between the platesis5.0 x 10° N C™.
(@) Determine the separation of the parallel plates.
(b) The separation of the plates is reduced to half the value found in (a). What
will happen to the magnitude of the electric field strength between the plates?
(c) Anelectron leaves one plate from rest and is accelerated towards the positive
plate. Show that the velocity of the electron just before it reaches the

positive plateisgiven by v = ‘/&me where V isthe p.d. between the plates.

3. Anelectronis projected along the axis midway between two parallel plates as
shown below. +V ¢

dectron > [ — Vi

The kinetic energy of the electron is 2.88 x 10°%¢ J.

The magnitude of the electric field strength between the platesis 1.4 x 10* N C™.

The length of the plates is 0.15 m. The plate separationis 0.10 m.

(@) Determinethe initial horizontal speed of the electron as it enters the space
between the plates.

(b) What isthe vertical deflection, y;, of the electron?

(c) Describe the motion of the electron after it leaves the space between the
plates.

4. A beam of electronsis accelerated from rest a a cathode towards an anode. After
passing through the hole in the anode the beam enters the electric field between
two horizontal plates as shown below.

A screen is placed 0.180 m beyond the end of the plates.
Y ou may assume that there is no electric field between the anode and parallel
plates and no electric field between the parallel plates and screen.

(@) The p.d. between the cathode and anode is 200 V.
Calculate the speed of each electron as it enters the space between the plates.

Physics: General Tutorial Questions— Electrical Phenomena (AH) 3



10.
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(b) The p.d. acrossthe platesis 1.0 kV. The plates are 30 mm long and their
separation is 50 mm. Calculate the deflection of an electron on leaving the
parallel plates.

(c) Calculatethe tota deflection on the screen.

Electrons are accelerated through a p.d. of 125 kV.

(8 What speed would this give for the electrons, assuming that gV = ¥ mv??

(b) Why isthe answer obtained in (@) unlikely to give the correct speed for the
electrons?

Explain how the results of Millikan's experiment lead to the idea of quantisation
of charge.

In aMillikan oil drop experiment the oil drop has a mass of 0.01 pg. Itis
suspended between two plates that are 20 mm apart. The charge on the drop is
found to be —5e.
(@) Draw asketch of the drop showing the forces acting on the drop. The
upthrust of the air may be neglected.
(b) Determine the p.d. between the plates.
(c) The p.d. between the plates is increased.
Describe and explain what would happen to the drop?

In aMillikan type experiment, a small charged oil drop is held stationary between
two plates by adjusting the p.d. between the plates. The experiment is repeated a
number of times with different oil drops. The readings below show the mass of
each oil drop and the p.d. required to hold it stationary.

The plate separation is 40 mm.

Massof drop/10°kg 26 12 16 23 48 59 18 37
p.d./V 1592 2940 1960 2818 2940 14455 1470 4533

(@) For each set of readings calculate the number of excess electrons on the oil
drop.
(b) Suggest why these readings indicate that charge is quantised.

An apha particle is about to make a head on collision with an oxygen nucleus.

When at alarge distance from the oxygen nucleus, the speed of the alpha particle

was 1.9 x 10° ms®. The mass of the alpha particle is 6.7 x 10’ kg.

(@) State an expression for the change in kinetic energy of the alpha particle as it
approaches the oxygen nucleus.

(b) State an expression for the change in electrostatic potential energy of the
alpha particle.

(c) Using your answersto (a) and (b) derive an expression for the distance, r, of
closest approach.

(d) Calculate the distance of closest approach for the alpha particle to the oxygen
nucleus.

The distance of closest approach between an alpha particle and an iron nucleus is
1.65 x 10 m. What was the speed of approach of the alpha particle? The mass
of an alpha particle is 6.7 x 10%’ kg and the atomic number of iron is 26.



Electromagnetism

1

(@) Statethe condition for a magnetic field to exist.

(b) Under what conditions will a charged particle experience aforceina
magnetic field?

(c) Statethe definition of the teda.

(@) Statethe expression for the force on a current carrying conductor placed at
an angle 6 in a magnetic field.

(b) Draw asketch to show the position of this angle 0, the direction of the
electron flow in the conductor, the direction of the magnetic induction and
the direction of the force.

(c) A straight conductor of length 25 mm carries acurrent of 2.0 A. It
experiences a force of 9.5 mN when placed in a magnetic field with a
magnetic induction of 0.70 T. Calculate the angle between the direction of
the magnetic field and the conductor.

A wire, carrying a current of 10 A, is placed at right angles to a magnetic field. A
straight section of the wire 0.80 m long has a force of 0.20 N acting on it.
Calculate the size of the magnetic induction of the magnetic field.

A straight wire of length 0.50 mis placed in aregion of magnetic induction 0.10 T.

(@) What isthe minimum current required in the wire to produce a force of 0.30 N
on the wire?

(b) Why isthisa minimum value?

A wire of length 200 mm is placed at an angle of 35° to amagnetic field of
magnetic induction 0.15 T.

5 >
\{5/} » B=015T
>
Wire showing direction of eectron flow
(@ Thecurrent inthewireis7.0 A.
Calculate the magnitude of the force on the wire.
(b) Statethe direction of thisforce.

State the expression for the magnetic induction at a perpendicular distance r from
an infinite straight conductor carrying a current |.

F_ Holil,
I 2nr
State clearly the meaning of all the symbols in this expression.

Derive the expression using the expression stated in question 7.

Two long parallel wires are placed 90 mm apart in air. One of the wiresis
carrying a current of 2.0 A and the force per unit length onthe wireis
8.89 x 10° N m™. What isthe current in the other wire?

A long wire X isfixed horizontally to the ground. A second very thin wire, Y, of
weight 0.075 newtons per metre length, runs parallel to wire X. The magnetic
repulsion between the wires causes wire Y to be suspended 5.0 mm above wire
X. Thewires carry the same current, |. Calculate the value of |.

Physics: General Tutorial Questions— Electrical Phenomena (AH) 5



Motion in a magnetic field

1

Derive the expression F = gqvB using the relationship F = [IBsin® with 6 = 90°.
State clearly the name and unit of all the symbols in this expression.

A proton travels at right angles to a magnetic field of magnetic induction 0.80 T.
The speed of the proton is 3.0 x 10* ms*. Determine the force on the proton.

An electron is moving at right angles to a magnetic field of magnetic induction
0.50 T. The velocity of the electronis 2.0 x 10° ms™.

(@) Calculate the magnitude of the force on the electron.

(b) Statethe direction of the force on the electron.

(c) Determine the radius of the circular path of the electron.

The movement of an electron in a uniform magnetic field is found to be helical.
Explain how this helical movement arises.

‘Crossed’ electric and magnetic fields can be used in a velocity selector.

(@) Explainwhat is meant by ‘crossed’ electric and magnetic fields.

(b) The velocity selector ‘selects' charged particles, which pass through the fields
without being deflected. By considering the magnetic force and electrostatic

force on a charged particle show that the ‘ selected’ velocity is %

(c) State, with areason, if the selected velocity depends on
(i) thecharge of the particle
(if) the mass of the particle.

(d) Inamass spectrometer ions from a velocity selector enter aregion that only
has a magnetic field. With the aid of a sketch, explain how the ions can be
identified by their deflection.

In aJJThomson type experiment the charge to massratio is to be determined.

Crossed magnetic and electric fields are used to produce an undeflected beam.

(@) Derive an expression for the velocity of the electrons in this undeflected
beam in terms of the magnetic induction, B, the p.d. across the plates, V, and
the plate separation, d.

(b) The magnetic field is then applied by itself and the electron beam movesin a
circular path of radius, r.
By considering the central force on the electrons derive an expression for e/m
in terms of the velocity of the electrons and thisradius, r.

(c) Usethe expressions stated in (a) and (b) above to show that

e_. VvV
m B

In a mass spectrometer two isotopes of single ionised carbon-13 and carbon-12
lons are accelerated by ap.d. of 4.0 kV. They emerge from a small dlit into a

uniform magnetic field of magnetic induction 0.25 T as shown below.
Mass of carbon-13ion = 2.16 x 10%° kg

B=025T
Out of the page Mass of carbon-12 ion = 1.99 x 10% kg

Calculate the separation, d, of the two carbon ions.

Physics: General Tutorial Questions— Electrical Phenomena (AH) 6



Self-inductance

1. (@) A studentisinvestigating the production of an induced e.m.f. across a coil.
Describe a simple experiment which would allow her to do this.
(b) Statethree ways in which the magnitude of the induced e.m.f. across a coil
can be increased.

2. Aninductor, resistor and battery are joined in series as shown below.

L R
L“ _______ “—
10V

(@) Theinductor has alarge number of turns. The switch isclosed. Sketch a
graph to show how the current in the circuit varies with time.

(b) Explain why the current does not reach its maximum value immediately.

(c) Theresistance of the resistor isreduced. How would the shape of the graph
alter ?

(d) The number of turns on the inductor is considerably reduced. State how the
graph drawn in part (a) would alter.

3. Acircuit is set up as shown below.
cail

Explain how an induced e.m.f. is produced across the coil.

4.  When the current through an inductor is increasing the induced e.m.f. opposes
thisincrease in current. The current takes time to reach its maximum value.
(@) Explain what happens when the current through an inductor decreases.
(b) The current through an inductor decreases. Use the conservation of energy
to explain the direction of the induced e.m.f.

5. (@ The current through a coil changes. State the equation for the e.m.f. induced
acrossthe coil in terms of the self inductance of the coil.
(b) Statethe unit of inductance.
(c) Statethe equation for the energy stored in the magnetic field of an inductor.

Physics: General Tutorial Questions— Electrical Phenomena (AH) 7



6.

10.

11.

An inductor, resistor and d.c. supply are connected in series as shown below. The
internal resistance of the d.c. supply is negligible.

L R
YN I l

The inductance of the inductor is 0.40 H. The resistance of the resistor is 15 Q.

The switch is now closed.

(@) Why does it take a short time for the current to reach its steady value?

(b) Calculate the steady current reached.

(b) When the current reaches a steady value, calculate the energy stored in the
inductor.

An inductor is connected to an ammeter and an 8.0V direct supply of negligible
internal resistance, as shown below. The resistance of the inductor coil is 20 Q.

D)
&) %

)

1

L

When the reading on the ammeter is 0.10 A, the rate of change of current is
100 A s™.

(@) Calculate the p.d. across the cail.

(b) Find the induced e.m.f. across the cail.

(c) Cadlculate the inductance of the coil.

(d) Calculate the energy stored in the inductor.

Which of the following are vector quantities:
induced e.m.f., self-inductance, energy stored in an inductor, rate of change of
current.

An inductor is connected to a variable a.c. supply as shown below.

[ ®

{

(@ (i) Thefrequency of the a.c. supply isincreased. Draw agraph to show
how the current in the circuit varies with the frequency of the supply.
(i) The inductor is removed and replaced by a capacitor. Draw another
graph to show how the current in the circuit varies with the frequency of
the supply.
(b) Theinductor has reactance. State what is meant by the term ‘reactance’.

Describe an example of the use of an inductor:
(@) asasourceof ahighem.f.
(b) in blocking a.c. signals while transmitting d.c. signals.

Physics: General Tutorial Questions— Electrical Phenomena (AH) 8



Waves

1

Physics: General Tutorial Questions— Wave Phenomena (AH)

(@) Statethe relationship between the intensity and the amplitude of awave.
(b) The amplitude of awave increases ninefold.
What is the change in the intensity?

‘All waveforms can be described by the superposition of sine or cosine waves .
Explain what is meant by this statement using either a square wave or a sawtooth
wave as an example.

(@ Therelationship y = asin2r(ft - %) represents atravelling wave.

State clearly the meaning of each symbol in this equation.

(b) A travelling wave is represented by the relationship
y = 0.60 sinm(150t — 0.40x)

where standard Sl units are used throughout.

(1) What isthe amplitude of the wave?

(i1) Determine the frequency of the wave.

(iii) Statethe period of the wave.

(iv) Calculate the wavelength of the wave.

(v) What isthe wave speed?

Two waves are represented by the relationships:
y1 =4.05n2r(8t —5x) and y, = 4.0 sint(16t — 21x) respectively.
(@) Which of the following quantities are the same for the two waves:
amplitude, frequency, wavelength, period.
(b) Arethetwo wavesin phase? You must justify your answer.

(@) Explainwhat is meant by a‘stationary wave'.
(b) Definetheterms‘nodes and ‘antinodes'.

(@) Describe what is meant by the Doppler effect. Give two examplesto
illustrate this effect.

(b) Derive the expression for the apparent frequency detected when a source of
sound waves moves relative to an observer.

(c) Derive the expression for the apparent frequency detected when an observer
moves relative to a source of sound waves.

An alarmon agationary car emits waves of frequency 800 Hz.

(@) What isthe frequency heard by a passenger on a bus travelling at
30 ms™ towards the car.

(b) Calculate the frequency heard by a passenger on the bus when the bus is
travelling at 30 ms™* away from the car.

While moving at 25 m s* a car sounds its horn. The frequency of the sound
emitted by the horn is 700 Hz. What is the frequency of the sound heard by a
pedestrian standing at the side of the road as the car moves away into the
distance.



Interference —division of amplitude

1

(a)
(b)

(©
(a)
(b)
(©

(@
(b)

State the condition for two light beams to be coherent.

Explain why two light beams, of the same frequency, but from different
sources are unlikely to be coherent.

Can two loudspeakers connected to the same signal generator emit coherent
beams of sound waves? Explain your answer.

Define the term optical path difference.

State the relationship between the optical path difference and phase
difference.

A hollow air filled perspex microfibre is shown below. Light of wavelength
700 nm passes through and around the microfibre.

4—150nm ——»

Y B .
<4+—Pr___  <4—>

40 nm 40 nm
C D

() Determine the optical path length between AB.

(i) A ray of light follows the path AB above. Another ray follows the path
CD, just outside the block.
What is the phase difference between the two rays?

Light in air isreflected from aglass surface. What is the change in phase of
the light waves?

What change in phase occurs when light in glass is reflected at a glass/water
boundary back into the glass.

A thin parallel sided film is used to produce interference fringes.

(@

(b)

(@
(b)

(©

(@

(b)
(©

Using the thin film as an example, explain the term *interference produced

by division of amplitude’. Include a sketch of the path of the light rays

through the film

(i) Statethe condition for aminimum to be produced in the fringes formed
by reflection from the film of monochromatic light of wavelength A.

(i) What isthe effect on the fringe pattern when the thickness of the film
increases?

Derive the expression for the distance between the fringes which are formed
by reflection of light from athin wedge.

Two glass slides are 100 mm long. A wedge is formed with the slides by
placing the slides in contact a one end. The other ends of the slide are
separated by a piece of paper 30 um thick. Interference fringes are observed
using light of wavelength 650 nm. Calculate the separation of the fringes.
When looking at adlightly different part of the fringe pattern the fringes are
observed to be slightly closer together. What does this imply about the
paper.

Y ou must justify your answer.

Derive the expression d = A/4n for the thickness of a non-reflecting

codting.

What thickness of coating is required to give non-reflection in green light

of wavelength 540 nm for alens of refractive index 1.53.

Explain why some lenses with a non-reflective coating appear coloured.

Physics: General Tutorial Questions— Wave Phenomena (AH)



I nterference — division of wavefront

1

2.

Physics: General Tutorial Questions— Wave Phenomena (AH)

(@ Aninterference pattern is obtained by division of wavefront. What is meant
by ‘division of wavefront’.

(b) Why must the source be a point source to produce interference by division of
wavefront?

(c) Explain why an extended source can be used to produce an interference
pattern by division of amplitude.

The diagram below shows the set up for a'Young's double slit experiment.

light of . {Ax
wavelength A > $ di |

D

(@) Derive the expression Ax

= XTD for the fringe spacing.

(b) State any assumptions made in the above derivation.

Two parallel slits have a separation of 0.24 + 0.01 mm. When illuminated by
light an interference pattern is observed on a screen placed 3.8 £ 0.1 m from the
double dlits. The fringe separation is observed to be 9.5+ 0.1 mm.

(@) Calculate the wavelength of the light used.

(b) Determine the uncertainty in this wavelength.

Two dlits, of separation d, are made on aslide. The slideisilluminated by

monochromatic light as shown below.
screen

dide

|
$di

monochromatic
light beam

Fringes are observed on the screen.

(@) The fringe spacing is observed to be too small to make accurate
measurements.
State one way of increasing the fringe spacing using this apparatus.

(b) The light beam is replaced by one of light of a higher wavelength.
What effect will this have on the fringe spacing?

(c) Thedlideisremoved and replaced with another slide. The second slide has
two slits with a smaller separation, d.
What effect does this have on the fringe pattern?

(d) What can be used to measure the slit separation?

(e) Describe how the fringe separation could be measured.



Polarisation

1
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(@) Explain the difference between linearly polarised and unpolarised waves.

(b) Describe how an unpolarised wave can be linearly polarised using a polaroid
filter.

(c) Describe how a‘polariser’ and ‘analyser’ can prevent the transmission of
light.

Monochromatic light is incident at a boundary between air and another medium.

The reflected light is found to be polarised.

(@) What information doesthis provide about the nature of the medium?

(b) Derive the expression relating the polarising angle and the refractive index of
the medium for this light.

(c) Statethe other common name for the polarising angle.

Light isincident on arectangular block of perspex
(@) Draw asketchto show the position of the polarising angle for perspex.
(b) Mark onyour sketch for part (a) the value of the polarising angle.

Explain how sunglasses can remove glare.
The refractive index of aliquid is 1.45.
(@) Calculate the polarising angle for this liquid.

(b) Determine the value of the angle of refraction for this polarising angle.

The critical angle in a certain glass is 40.5°.

What is the polarising angle for this glass?

A spectrum can be produced by a prism because the refractive index changes
with the frequency of light.

What effect will an increase in the frequency of light have on the polarising
angle?

Y ou must justify your answer.

Light isincident on a water surface as shown below.
P Q

air

water \?

The angle between the ray Q and R is 90°.

(@ Theray Q isobserved through a sheet of polaroid. The polaroid is rotated.
Describe and explain what is observed.

(b) Calculate the polarising angle for water.

(c) Copy the diagram and label in the correct places the values of the angle of
incidence and angle of refraction.



SOLUTIONS

In many cases the data in the question is given to two significant figures, hence the
final answer is given to two significant figures. Any interim calculation should retain
more significant figures. Where possible a calculator is used once to obtain a final
numerical answer.

Note:

1
4ne,

to two significant figures. The answers to the solutions have used 9.0 x 10° ]

is8.99 x 10° to three significant figures, or the more commonly used 9.0 x 10°

Coulomb’sinverse square law and electric field strength
1. F= —Q1Q22
4ne, 1
where F - force between the two charges (N), Q; and Q. — charges (C)
€0 — permittivity of free space (F m™), r — separation of charges (m)

-19 -19
o p= @R _ 9,107y 16x10 x1.6x10
(L5x10°)

4ne,r?
F=10x10N repulsion [thedirection must be stated]

3. 14=9x 109 X 1.6)(10-19 X1.6X10-19

> giving r = 41x10" m
.

4x10° x 4x10°

4. (a) Magnitude of F dueto charge Q= 9 x 10° x oL

= 1.44x10° N
Magnitude of Fdueto chargeS = 1.44 x 10° N (same separation)
Magnitude of Fdueto chargeR = 7.2x 10° N (r = 0.1414 m)
Total force on charge is determined by vector addition.

Combining the two 1.44 x 10™ N forces
gives aforce of 2.04 x 10° N in the
same direction as the 7.2 x 10° N force.

1.44x 10° N

7.2x 10° N.
T 144X 10° N

Hencetotal forceon Pis = (2.04 + 0.72) x 10° N
F = 28x10°N
in the direction RPT, shown on the diagram.

(b) zero. Thetwo 4.0 nC charges at opposite ends of a diagonal will exert an

egual and opposite force on the —1.0 nC charge at the centre, hence the
resultant force will be zero.

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena 1



10.

11.

9 x 10° x 20x10° x 20x10° + 9x 10° x 20x10° x 20x10°
0.82 1.62
7.0x 10°N totheright

F
F

The electric field strength is the electrogtatic force on one coulomb of charge
placed at that point.

__Q _ v
@ E = e B E=

See Student Material page 5.
-19
E= _Q _gy107x 2x16x10

 dme,r” (Lx10%Y
= 2.88x 10"V m* (or NC?%) away from the nucleus

-6
E=-—2 . 72000= 9x10°x 2X10°  r-050m
4me, r r

(@) Towardsthe bottom plate, perpendicular to the plates.

3
®) (i) E:%:% =2.0x10°V m*

(i) ThesameE =2.0x10°V m?, the field is uniform between the plates.

Electric fields and electrostatic potential

1

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena

(@) zero

-6
(b) E= n Q ~ = 9x10°x % =1.7x 108V m* away from the sphere.
Te,r .

() E= 27x10°V m' [asabovewithr=1m] away from the sphere.

See Student Material page 6. Notice that the object charged by induction, the
electroscope, is not touched by the charging object, the negatively charged rod.

The electrostatic potential at a point isthe work done to bring one coulomb of
charge from infinity to that point.

v O

4ne, v

-9
v=_Q -gx10°x 4x10° _ 1oy
4ne, v 3

-9 -9
VA:9x109x%:27v andezgxlogx% = 108V
Potential difference Vag = 16.2V where A is negative compared to B



7. A surface on which the potential isthe same at al points. No work would be
done to move a charge between two points on the surface.

The field lines are full lines and the lines
of equipotential are broken lines.

Notice that the field lines and lines of
potential are perpendicular to each other.

40nC p -2.0nC

® . °
«—x—>

For zero potential at point P:  V(dueto 4.0nC) + V(dueto-20nC) = 0
9, 4x10° 9, -2x10° _
aAN 4 =
9x10° x . 9x10° x 0.12- x) 0
4(012—x) -2x =0 and 048-4x—-2x=0 givingx=0.08 m

10. Electrostatic force, electric field strength.

-9 -9
11. () Vx= 9x109x% + 9x109x% = 280V
_ o, 25x10° \ _
Vy = 2x(9x10°x £3257— ) = 201V
(b) V)(Y = 79V
12. Energy = VQ 10 = Vx1.6x 10" givingV = 62.5kV

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena



Chargesin motion

1
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(a)
(b)

(a)
(b)
(©

(@
(b)

(©

(@

(b)

(©

(a)
(b)

Work = p.d. x charge = 1000 x 6.0x 10° = 6.0 mJ
Electrostatic potential energy is transformed into kinetic energy as the charge
Is accelerated towards the top plate.

V=Ed 30x10*=50x10°xd giving d= 0.060m or 60 mm
The electric field strength will double.

change in Ex = change in electrical energy

%mv?—0 = VQ whereV isthep.d.

v = ‘/&me where e isthe charge, and m the mass, of an electron.

In the horizontal direction: velocity of electron entering the plates
vmv? = 288x10%°  thusv=251x10" ms™.

In the horizontal direction:

Time taken to travel pass platesat 0.15 mlong = 5.98 x 10° s

In the vertical direction: time=5.98 x 10° s initial velocity = 0
Force on electron due to electric field= EQ=1.4x 10*x 1.6 x 10° N

F _14x10*x1.6x10"° _ 2 46 x 10% m 52
9.11x10* '
Usings=ut + Y% a? deflection= 0.044 m
The electron will travel in astraight line. There is no unbalanced force on the
electron because there is no electric field outside the plates.

Acceleration =

“mv?=Ve %x9.11x10% xv?=200x 1.6 x 10™°
thus v=8.38x10° ms?

length of plates
horizontal speed

3 -19
In the vertical direction, a= £ = 1'0X103 x1.6x10 — =351x10®ms?
m 50x10°x9.11x10

Initial velocity vertically = 0 hence using s = ut + Y at? gives s= 0.022 m

In the horizontal direction, time taken = =358x10°s

The electron travels in a straight line after

leaving the plates.
soreen _
e = oo am By proportion deflg%tlon = 23](-)0

30 mm 180 mm Giving the deflection on the screen = 154 mm

1.6x10%x 125 x 10 =14 x 9.11 x 103 x v? givesv = 2.09 x 10°* ms*
This speed is more than 60% of the speed of light. Relativistic effects must
be considered when speeds are greater than 10 % of the speed of light.

Millikan determined the charge on a number of small charged drops. He noticed
that the charges were all multiples of a certain smallest charge, 1.6 x 10™° C.
This suggested that it was not possible to obtain a charge with a fraction of this
value.



7. (@ +V

Electrostatic force (The charge on the
drop is negative)
Weight of drop
(b) weight down = electrogatic force upwards

mg = EQ :TQ

001x10°x9.8 = YX5x16x10%
20x10°
V = 245x10°V
(c) Thedrop would accelerate upwards, since the electrostatic force is now
greater than the weight of the drop. The drop will accelerate in the direction
of the resultant force.

8. (a) Excesscharge on each drop iscalculated using Q = mgd and gd = 0.392

V

Massof drop/10°kg 26 12 16 23 48 59 18 37

p.d./V 1592 2940 1960 2818 2940 14455 1470 4533
Chargel 10™° C 64 16 32 32 64 16 48 32
No. excess electrons 4 1 2 2 4 1 3 2

(b) These are all whole numbers. No fractional charges were found.

9. (a) ChangeinEx=%mv?-0 with zero E, at the distance of closest approach.
aQ
4ne, v

where g and Q are the charges on the alpha particle and oxygen atom.
(c) At closest approach change in Ex = change in E;

(b) Change in electrogtétic E, = - O [potential energy =V x charge]

15 mv?—0 = %Sr -0
0
rearranging givesr = LQZ
4ge ,mv

2x(2x1.6x10™) x (8x1.6x10™)
6.7x107 x (1L.9x10°)2

(d) r=9x10°x =3.0x10%m

-19 -19
10. Fromabovev2= —299  _ gy 10° 2x(2x1.6x1(?27 )x(26x1.?3x10 )
Ame,mr 6.7x10% x1.65x10
and v=47x10°ms?
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Electromagnetism

1

(@) A magnetic field is produced around moving charges.

(b) The charge must be moving across the magnetic field, or the magnetic field
must be changing relative to the position of the charge.

(c) Oneteslaisthe magnetic induction of a magnetic field in which a conductor
of length one metre, carrying a current of one ampere perpendicular to the
field, is acted on by aforce of one newton.

(& F=1IBsind
|
(b) . N\
Fpr a_current inthe x 0) : Magnetic induction B
direction shown, the N > R
force on the wire is AN

directed into the page.
Direction of eectron flow

(c) F=1IBsin® giving 95x10% = 2x25x10°x 0.70 x sind
0 = 16°

F=1IBsind 0.20= 10x0.8xB (sind =1 since 0 is90°)
B=25mT (0.025T7)

(@ F=1IBsin®@ 0.30 = 1 x0.50x0.10 for 6 a 90°and sin6 =1
I=6A
(b) If 6 islessthan 90° sin 6 will be lessthan 1, and alarger current | will be
required.

(@ F=1IBsin@ F= 7.0x200x 10°x 0.15 x sin35 F= 012N
(b) Out of the page, perpendicular to both the magnetic field and the wire.

. , _ Rl
Magnetic induction B = ——
& 2nr

See Student Material page 20

B is magnetic induction (T)

L, is the permeability of free space (H m™)

[, and I, are the currents in the conductors (A) r is the distance between them (m)
F/l is the force per unit length (N m™)

4tx107 x2.0x1,

F_ Moy giving 8.89x10° =

l,=20A
| 2mr 21X 90X 10° ?
Weight per m length = magnetic force per m length
7 2
0.075 — Anx10" x|
2nx5.0x10°

Current in each wire =43 A

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena



Motion in a magnetic field

1
2.
3.

5.

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena

See Student Material page 22.
F=qvB F=16x10"x3x10*x0.80 = 3.8x 10°N

(@ F=qB F=16x10"x2.0x10°x0.50 = 1.6 x 10* N
(b) The forceis perpendicular to both the velocity and the magnetic field.

Magnetic induction For these directions of v and B
) theforceisverticaly into the
vel ocity

page.

mv
gB
-31 5
[ = 9.11x10 .1;(2X10 = 23%10°m
1.6x10™ x0.5

2 2
(c) Centra forceF= ™" giving qvB= """ andr=
r r

The direction of the velocity of the electron must make an angle with the
direction of the magnetic field.

The component of velocity perpendicular to the field causes the electron to move
inacircle.

The component of velocity parallel to the field causes the electron to move along
the direction of the field.

(@) Electric and magnetic fields arranged so their forces on a charged particle
oppose each other. The electric and magnetic field must be perpendicular to
each other.

Direction of magnetic force f « Direction of magnetic
field into the page

Direction of eectric field

Direction of positive charge O S )
and direction of electrostatic force

S

For the example shown above, a magnetic field is directed into the page and
an electric field acts down the page. The magnetic force and the electrostatic
force on a positive charge oppose each other. These fields are then said to be
‘crossed’.
The fields are often adjusted such that the two forces are equal in magnitude,
Fe = Fn. The velocity of the positive charge would then remain constant.

(b) Fe=Fy, asoF.=Eq and F,=qvB giving Eq = qvB andv = %

(c) From the above equation the velocity does not depend on the mass or the
charge of the particle but only on the values of E and B.

(d) Charged particles enter the region with the magnetic field only, at right
anglesto thefield. The particle will move in acircle with aradius given by

MagneticfiddB  The particles all have the same

into the page velocity hence the radius will depend
on the mass and charge of each
particle. Different ionswill meet a
detector at D in different places.

Particleswith a
given velocity, v



6.
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(@ From the question abovev = % -

Bd
2 2
(b) quB = % or evB = % giving % = %
e_v __V_
© m B rB%d
Velocity of each ion isgiven by %2 mv? = qV
- 2_2W
giving Vv°= o {1}
radius of curved path r = % ------------ {2}
2,,2 2
andr? = ngz thus r? = ranZ (%) substituting for v2
q q
L — [2Vm
iving r =
giving 4B’

The differenceinthetwo radii riz—ryx = 25\‘/2 (,/m13 -,/mlz)
q

= 5x10°m
Henced =0.01 m (Because of the subtraction above the answer isto one
significant figure only.)

[Alternatively the velocity of each ion can be calculated using { 1} above to give vis and vi,. Then

equation {2} used to give the differencein theradii riz —ry = qu (MyaViz —MyoVio). Thisinvolves

more calcul ations and potential 1oss in accuracy. |



Self-inductance

1. (& A magnetismoved inand out acoil. The coil isconnected to avoltmeter
and a deflection is observed when the magnet is moving relative to the coil,
see Electrical Phenomena - Student Material page 27.
(b) Increase the relative speed of the magnet and coil, increase the magnetic
induction of the magnet, increase the number of turns on the coil.

2. (a) current

time

(b) When the switch is closed the current increases from zero. The magnetic
field through the inductor will increase. Ane.m.f. isinduced across the
inductor due to the changing magnetic field through the inductor. This
induced e.m.f. acts against the current preventing the current reaching its
maximum value immediately.

(c) The current would reach its steady value quicker, see Electrical Phenomena —
Student Material page 28.

3. When asteady current is passed through a coil a constant magnetic field is
established through the coil. When the current through the coil changes, the
magnetic field through the coil will change. A changing magnetic field will
cause and induced e.m.f. through the coil.

[Note: Theinduced em.f. will act in adirection to oppose the change causing it.
Thus the induced e.m.f. produced when the current increases will act in a
direction as to oppose the increase. It will act against the current direction.]

4. (&) Whenthe current decreases the magnetic field will decrease and an e.m.f.
will be induced.
(b) Theinduced e.m.f. will act in the same direction as the current, that is it will
try to keep the current seady and stop the change in the magnetic field.
The energy needed to do this comes from the energy which was stored in the
magnetic field. When the magnetic field decreases this energy is released
and to conserve energy work hasto be done.

= d
5. (@ &= Ldt

(b) The unit of inductance is henry (H)
(c) Energy = %LI?

6. (a) Asthe current increasesthe magnetic field through the inductor increases.
Anem.f. isinduced against the direction of the current. Thus the current
takes time to reach its maximum value.

(b) UsingV =1 R steady current = 12/15 = 0.8 A
(c) Energy=%LI?= %x0.40x0.8°=0.13J

Physics: Solutionsto General Tutoria Questions — Electrical Phenomena 9



7. (@ pd=IR=01x20=2V
(b) inducedemf.=8-2=6V
©) é:-L% 6=-Lx(-1000 L=006H
(d) Energy=%LI> = %x0.06x0.10° = 0.30mJ

8. None

9. (@ (1)

current

time

(if)

current

time

(b) The reactance of the inductor is the opposition of the inductor to the

alternating current. It isgiven by reactance X, :¥ .

11. (&) When aswitch in opened in acircuit containing an inductor the current will
fall rapidly to zero. There will be a large change in the magnetic field
through the inductor and this will cause a large induced e.m.f. at the switch
terminals.

(b 12228

Input mixture of d.c. _
and ac.signals d.c. sgnas

The inductor has alarge opposition to a.c. signals. For d.c. signals the only
opposition isthe resistance of the coil. Assume that the resistance of the
resistor is much larger than the resistance of the inductor. The p.d. acrossthe
inductor will be due to the a.c. signals and the p.d. across the resistor will be
dueto the d.c. signals. The inductor blocksthe a.c.

Physics: Solutions to General Tutorial Questions— Electrical Phenomena 10



Waves

1. (a) intensity o< (amplitude)?
(b) anincrease of 81 times

2. Any waveform can be represented by a series of sine or cosine expressions.
See Wave Phenomena — Student Material page 3 or SCCC Staff Guide page 122.
[The student is not expected to recall and draw these wave patterns but only to
understand the principle of superposition.]

3. (a8 y-displacement intransverse direction
a—amplitude  f—frequency t—time
x — distance of a particle fromthe origin A - wavelength

(b) (i) 0.06 m
(i) 75Hz [using 2rf =& x 150]
(i) 13 ms [using T = 1/f]
(iv) 5m [using 2r/A =7 x 0.40
(v) 375ms?  [usingv=Af]

4. (a) amplitude, frequency, period
(b) no, a timet = 0 the displacements are different.

5. (d) A stationary wave does not travel to the left or the right, but particle
displacements do still take place. The particle displacements increase or
decrease in unison. In some places there are maximum amplitudes in other
places zero amplitude and no vibration.

(b) A nodeisaposition of zero amplitude.
An antinode is a position of maximum amplitude.

6. (a) TheDoppler effect isthe change in frequency observed when a source of
sound waves is moving relative to an observer.
(b) See Wave Phenomena— Student Material page 6.
(c) See Wave Phenomena— Student Material page 7.

7. (@) fos=foVo . =800x 34030 — g71H;
340
V-V _
(b) fops=fs ——°  fos= 800 X % = 729 Hz
P _ 340 _

S
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Interference—division of amplitude

1. (@
(b)

(©

2. (3
(b)
(©)

3 (@
(b)

4. (9

(b)

5 @
(b)
(©)

(b)
(©

Constant phase difference.

Light is produced when electrons, which have been excited, return to alower
energy state. Thisisarandom process in that two separate sources will not
emit light beams which have a constant phase difference, even if they have
the same frequency.

yes, both loudspeakers are driven by the same single source. Any change in
phase from the single source occurs simultaneously at the loudspeakers.

Optical path difference = geometric path difference x refractive index
phase difference = % x optical path difference
(i) optical pathAB =(80x 1.5) + (150-80) = 190 nm
(i) optical path difference = 190 - 150 = 40 nm
phase difference = Lg x40 x 10° = 0.36 radians
700x10

7 radians (or 180°)
None, the water has a smaller refractive index than the glass.

Light incident on the film. The amplitude of theray isdivided. Thelight is
partially reflected and partially refracted a D;.

The reflected rays at A have adifferent path difference so will interfere when
brought together, similarly for the transmitted rays at B.

incident monochromatic ray of light

D
1 D,

reflected ray Z\\
/ transmitted rays
A B

air glass air

(i) 2nt=mA for destructive interference

(i) When t increases the value of A needed to produce constructive
interference will increase. The colour of the pattern will move towards
the red end of the spectrum.

See Wave Phenomena — Student Material page 12.

-9 -3
Ax = AL - 650x107 x100x10™ _ 19 mm
2D 2x30x10°
The thickness of the paper has increased. The wavelength and length of the

plates are constant.

See Wave Phenomena — Student Material page 13.
= - 388x10°m
4an
The non-reflective coating will only give complete cancellation for one

particular wavelength. For a coating giving cancellation for green light, the
blue and red would be partially reflected and the lens would appear purple.
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I nterference — division of wavefront

1

(@ When light is incident on two small slits, the wavefront is divided and each
dlit acts as a secondary source. Interference takes place between the two

(b)

(©

(@
(b)

(@
(b)

(a)
(b)
(©
(d)
(e)

secondary sources.

With an extended source each part of the wave would be incident on the slit

at adifferent angle which could produce overlapping fringes and the

interference pattern would be lost. A point source (or aline source paralel to

the slits) must be used.

With division of amplitude the beam is split at a point with partial reflection

and transmission.

See Wave Phenomena — Student Material page 14.
x<<D giving6 asmall angleand sin6 =6 = tan6

AX = XTD givingA = 6.0x10"m
% uncertainty in: Ax is1.1%; dis4.2%; D is2.6%

The 1.1% can be neglected since less than one third of 4.2%

Total uncertainty = +4.2> + 2.6° = 4.9%
Uncertainty in the wavelength = 0.3x 10" m
A = (6.0+0.3)x10"m

Increase the slide to screen distance D.
Fringes are further apart.

The fringes are further apart.

A travelling microscope

Measure the distance across a number of fringes, for example ten, then

calculate the fringe spacing.

Physics: Solutionsto General Tutoria Questions —Wave Phenomena
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Polarisation

1

Physics: Solutionsto General Tutoria Questions —Wave Phenomena

(@ With linearly polarised light the oscillations of the electric field strength
vector are restricted to one plane. With unpolarised light the electric filed
strength vector oscillates in all directions perpendicular to the direction of
wave propagation.

(b) A polaroid filter will only transmit vibrations of the electric field vector in
one plane.

(c) A polariser and analyser are placed at right angle to each other. They are
both placed perpendicular to the direction of transmission. The polariser will
only transmit vibrations of the electric field vector in one plane, the analyser
will absorb these vibrations since they are all perpendicular to its axis of
tranmission. See top diagram, Wave Phenomena — Student Material page 16.

(@ The medium is an electric insulator.
(b) See Wave Phenomena— Student Material page 17.
(c) Brewster'sangle

(@

(b) n=tani, ip =56°

When light is reflected from a horizontal surface, such as water, the light will be
polarised. The polariod in the sunglasses acts as an analyser and cuts out a large
part of the reflected light. (Note that the light is only completely polarised at the
Brewster’s angle.)

(@ n=tani, ip =55°
(b) angle of refraction=90-55 = 35°

n=1sinfc =154 n = tanip ip =57°

When the frequency increases the refractive index increases. Hence the
polarising angle will increase slightly.

(@) Theintensity of the light observed through the polaroid decreasesto a
minimum, at the polarising angle, then increases again.

(b) n=tani, ip =53°

(c) Angle betweenray Q and R is 90°

14
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Angular acceleration and linear component of tangential acceleration a

d : . :
The angular acceleration o = d_(tD and the linear tangential acceleration & = EV
when the rotational speed v is changing.

) ) dv do . .
Sincev =rm at any instant, then ot = gt 9iving

a=ro

where the direction of & is at atangent to the circular path of radiusr.

Radial Acceleration

'\B

-U Vv

-U Vv
5 Q 70 __MIF\

0 > AV Av

v 2 2

u sng = AV
A

The particle travels from A to B in time At and with speed v, thus |u| = |v| and
Av =v + (- u) whichis Av=v-u

_acAB _ r(20)
At = v Sy
average radial acceleration, agy = i\t/ = %
2vsng _ V2 sind

r2e/v.~—r 0

As0O ->0, ag -> instantaneous acceleration at point Q:
v2 Iimﬁ] b[nm sne]

r 6->0 0 06->0
when 6 is small and ismeasured inradianssind = 6.

radial acceleration = 1

2 2

Radial acceleration = VT = o since v =rmn

Thedirection of this acceleration is always towards the centre of the circle.

Note: Thisisnot aconstant acceleration. Radial acceleration is fixed only in size.
Compare this with angular acceleration, which is constant for problems in this course.

Thus any object performing circular orbits at uniform speed must have a centre-
seeking or central force responsible for the motion. This force produces a radial

. V2 2
acceleration of ra ormr.

Physics (AH): Mechanics - Student Material 7



Central Force
Does arotating body really have an inward acceleration (and hence an inward force)?

Argument Most people have experienced the sensation of being in a car or abus
which isturning a corner at high speed. The feeling of being ‘thrown to the outside of
the curve' isvery strong, especialy if you slide along the seat. What happens here is
that the friction between yourself and the seat is insufficient to provide the central
force needed to deviate you from the straight line path you were following before the
turn. Infact, instead of being thrown outwards, you are, in reality, continuing in a
straight line while the car moves inwards. Eventually you are moved from the straight
line path by the inward (central) force provided by the door.

Magnitude of the Force

V2
F=ma but a=- or a=e?r

Thus central force, | F = m— or F=mr o? snce v=rm

Examples

1. A CaronaFlat Track

If the car goestoo fast, the car ‘breaks away’ at atangent. The force of friction is not
enough to supply an adequate central force.

o =V

I frj(ction A==

2. A Car on aBanked Track

For tracks of similar surface properties, a car will be able to go faster on a banked
track before going off at atangent because there is a component of the normal
reaction as well as a component of friction, Fy, supplying the central force.

The central forceisR sin6 + F, cos6 which reducesto R sin6 when the friction is
zero. The analysis on the right hand side is for the friction Fr equal to zero.

R isthe ‘normal reaction’ force of the
track on the car.

‘ Rafe In the vertical direction thereisno
. accel eration:
Frsrﬁ
Rcos=mg ... 1
In theradid direction thereis a centrd

V acceleration:
v2

Divide Eq. 2 by Eq. 1:
2
_V D
v W tan0 = o (assumesfriction is zero)

(This equation appliesto all cases of
‘banking’ including aircraft turning in
horizontal circles)
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