STAGE 2 PHYSICS
Skills Assessment Task: Electricity and Magnetism

Purpose
This assessment provides you with the opportunity to demonstrate your ability to represent, analyse, and interpret investigations in physics through the use of technology and numeracy skills, communicate knowledge and understanding of the concepts and information of physics using the appropriate literacy skills of physics and demonstrate and apply knowledge and understanding of physics to a range of applications and problems relating to electricity and magnetism.
Description of assessment
In this assessment you need to:

· communicate your knowledge and understanding clearly and concisely

· use physics terms correctly

· present information in an organised and logical sequence

· include only information that is relevant to the question

· use clearly labelled diagrams that are related to your answer

· show all steps and reasoning in your answer

· give answers with appropriate units and direction.
You may use the formula sheet provided to select appropriate formulae.

Assessment conditions

This is a supervised 80 minute closed-book assessment completed under test conditions in one double lesson. Total 80 marks. A calculator may be used.

	Learning Requirements
	Assessment Design Criteria
	Capabilities

	1. Identify and formulate questions, hypotheses, concepts, and purposes that guide investigations, and their design, in physics

2. Design and conduct collaborative and individual investigations in physics using appropriate apparatus and safe working practices and by observing, recording, and interpreting the phenomena of physics

3. Represent, analyse, interpret, and evaluate investigations in physics through the use of technology and numeracy skills

4. Select, analyse, and critically evaluate the evidence of physics from a range of sources, and present informed conclusions or decisions on contemporary physics applications

5. Communicate knowledge and understanding of the concepts and information of physics using the appropriate literacy skills of physics 

6. Demonstrate and apply knowledge and understanding of physics to a range of applications and problems.
	Investigation

The specific features are as follows:

· I1 Design and implementation of physics investigations.

· I2 Selection and acknowledgment of information and data about physics or relevant issues from different sources.

· I3 Manipulation of apparatus and technological tools using safe and ethical investigation, experimental, and research procedures and practices.

· I4 The obtaining, recording, and display of findings of investigations using appropriate conventions and formats.

Analysis and Evaluation

The specific features are as follows:

· AE1 Analysis and evaluation of connections between data, concepts, and issues in physics.

· AE2 Evaluation of physics procedures, with suggestions for improvement.

· AE3 Analysis and evaluation of data and other evidence to formulate relevant conclusions and make predictions.

Application

The specific features are as follows:

· A1 Application of physics concepts and evidence from investigations to solve problems in new or familiar contexts.

· A2 Use of appropriate physics terms, conventions, formulae, and equations.

· A3 Demonstration of skills in individual and collaborative work.

Knowledge and Understanding

The specific features are as follows:

· KU1 Demonstration of knowledge and understanding of physics concepts.

· KU2 Use of knowledge of physics to understand and explain contemporary applications.

· KU3 Communication of knowledge, understanding, and ideas in a variety of forms.
	Communication

Citizenship

Personal Development

Work

Learning

	Students may refer to the rubric provided over the page to identify the performance standards that they need to demonstrate to reach their highest possible level of achievement.
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The following tables show the symbols of common quantities and the magnitude of physical constants used in the equations.
Other symbols used are shown next to the equations. Vectors are indicated by arrows. If only the magnitude of a vector
quantity is used, the arrow is not used.

Symbols of Common Quantities

~ oo s

e=1.60x 10" C
m,=9.11x 107" kg
m,=1.673x 10" kg
m =1.675x 10 kg

m, =6.645x 107" kg

3 r = distance between masses m and m,

M = mass of object orbited by satellite

6 = angle between force F and

acceleration a wavelength A momentum
time t force F electric field
displacement ~ § charge q kinetic energy
velocity v mass m magnetic field
period T potential difference AV electric current
frequency f work done w
Magnitude of Physical Constants
Acceleration due to gravity at g=9.8ms> Charge of the electron
the Earth’s surface
Mass of the electron
Constant of universal G=06.67x 10" N m? kg~
gravitation Mass of the proton
Speed of light in a vacuum ¢c=3.00x 108 m s Mass of the neutron
Coulomb’s law constant L - 9.00x 10° Nm?C> Mass of the o particle
4re,
Planck’s constant h=6.63x1037Js
Section 1: Motion in Two Dimensions
V=1, +at v = velocity at time ¢ Y _ banki
7, = velocity at = 0 tan 6 = 3 6 = banking angle
2.2
Vi =V, +2as F:Gmlmz
p
§= vyt +yar’
GM
p=
v, =Vvcos 0 6 = angle to horizontal r » = radius of orbit
. F =mi
v, =vsin 6
5 p=my
v = % r =radius of circle
- Ap
s_s = - . F=—
AV =V, —V, v, = ﬁnal Ve10c1ty t
v, = initial velocity _ %va
. _ AV . lerati
dave = 47 dave = average acceleration W = Fs cos 6
2
v

displacement §




[image: image2.png]Section 2: Electricity and Magnetism

F= >~ r=distance between charges ¢, and g, F=1AIB sin 6
Are, r
E= 5 F=gvBsin @
=y
p=——4 qB
drme, r?
= 2rm
W=qAV qB
2p2 2
E= ar d = distance between parallel plates K= gBr
d 2m
Section 3: Light and Matter
v=fA v = speed of light E=hf
dsin @=ml d = distance between slits _h
_ o . r=7
6 = angular position of mth maximum
m = integer (0, 1,2,...) K _=hf—w
AL . . - W=h
Ay= v Ay = distance between adjacent minima f,
or maxima
L = slit-to-screen distance = eATV
d= % N = number of slits per metre of grating
Section 4: Atoms and Nuclei
E —-E =hf E —E = energy difference E = mc?
A=Z+N A = mass number
Z = atomic number
N =number of neutrons
TABLE OF PREFIXES

6 = angle between field B and current
element /A/

6 = angle between field B and velocity

7 =radius of circle

E = energy of photon
W = work function of the metal

J, = threshold frequency

AV = potential difference across the tube

E = energy

Refer to the following table when answering questions that involve the conversion of units:

Prefix Symbol Value
tera T 10"2
giga G 10°
mega M 106
kilo k 10°
centi c 102
milli m 1073
micro n 10-¢
nano n 10
pico p 102





STAGE 2 PHYSICS
Skills Assessment Task: Electricity and Magnetism
1.
(a)
(i)
Two point charges, q1 and q2, are separated by a distance 3d in a vacuum, as shown in the diagram below. Point P is situated on a line between q1 and q2, at a distance d from q1.
[image: image3.png]



Write an expression in terms of q1 and d for the electric field at point P due to point charge q1.
______________________________________________________ (1 mark)

(ii)
The strength of the electric field at point P is zero. 


Calculate the ratio q1 : q2 of the point charges.

 (3 marks)


(b)

On the diagram below, sketch the electric field for two identical positive point charges a small distance apart.

[image: image4.png]


(3 marks)
2.
The electron in a hydrogen atom is orbiting in its ground state at a radius of 5.3 ×10−11 m. The atom is excited, causing the electron to move to a higher energy level, which is at a radius of 2.12 ×10−10 m.
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[This diagram is not drawn to scale]

Using proportionality, determine the factor by which the electric force on the electron due to the nucleus has changed.


 (4 marks)
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3.
The diagram below shows the drum of a photocopier and a corona wire used in the photocopying process. Describe the action of the corona wire in charging the photoconductive surface of the drum.


 (3 marks)

4.
In a cyclotron used to accelerate protons, there is a potential difference ∆V = 1250 V between the dees. The dees are separated by a distance d = 0.010 m, as shown in the diagram below:
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(a) Calculate the magnitude of the electric field between the dees.


Assume the electric field is uniform.

 (3 marks)

(b) Calculate the magnitude of the acceleration of a proton in this electric field.

 (2 marks)

(c) Describe the role of the electric and magnetic fields in the cyclotron.

 (4 marks)

5.

An electron enters a uniform electric field produced by applying a potential difference of 150 V between two oppositely charged parallel plates in a vacuum. The plates are separated by a distance d = 0.050 m and are of length L = 0.100 m. The initial velocity of the electron is 1.0 × 107 m s−1 parallel and near to the negatively charged plate, as shown in the diagram below. Ignore the effect of gravity. 
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(a) Describe and explain the path followed by the electron in the uniform electric field.
_______________________________________________________________ (5 marks)

(b) Show that the magnitude of the acceleration of the electron in the uniform electric field is 5.3 × 1014 m s−2.
_________________________________________________________ (3 marks)
(c) The time the electron takes to pass through the uniform electric field is 1.0 × 10−8 s. Determine the direction of the velocity of the electron as it leaves the uniform electric field.
_______________________________________________________________ (6 marks)
Space for optional vector diagram.
6.

A student conducts an experiment to investigate the relationship between the current ﬂowing in a horizontal metal wire and the magnetic force acting on the wire when it is placed in a uniform magnetic field B. The experimental arrangement is shown in the diagram below.



The horizontal metal wire has a good electrical contact with two vertical conducting rails, which are connected to a variable power supply that can provide current I in either direction. The horizontal metal wire is attached to a spring balance by a cotton thread of negligible mass. The horizontal metal wire is free to move up and down in a vertical direction and remains in contact with the vertical conducting rails. The spring balance is calibrated in millinewtons and is set to read zero when supporting no load.
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(a) State the direction of the magnetic force that is acting on the horizontal metal wire when the current I is ﬂowing in an anticlockwise direction in the wire, as shown.

 (1 mark)
The student changes the current flowing in the horizontal metal wire by varying the power supply, and records the new readings on the spring balance. The results are shown in the following graph:
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(b) State the dependent variable in this experiment.

 (1 mark)
(c) Using the graph on the previous page, state the value of the current flowing in the horizontal metal wire when the reading on the spring balance is zero.

 (1 mark)
(d) Using the same graph, determine the mass of the horizontal metal wire.

 (3 marks)
(e) On the graph, draw the line that would be produced if the uniform magnetic ﬁeld B were doubled.
(2 marks)
7.
The diagram below shows a cross-section of a moving-coil loudspeaker:
[image: image10.png]



On the diagram above, label the three components of the moving-coil loudspeaker indicated by the letters K, L and M.
(3 marks)

8.

On the diagram below, sketch the magnetic field of a current-carrying solenoid that consists of many tightly wound coils of wire. The direction of the current is indicated on the diagram.
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(3 marks)
9.

The magnetic force on a straight current-carrying wire in a uniform magnetic field is 50% of its maximum possible value.


Calculate the angle between the wire and the magnetic field.

 (3 marks)

10.

The dees of a cyclotron used to accelerate protons are shown in the diagram below.


A proton is shown entering the right-hand dee. A vacuum is maintained inside the cyclotron. Protons emerge from the cyclotron at the exit point indicated on the left-hand dee.
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(a) Describe the direction of the magnetic field that causes the proton to turn in the direction shown.

 (1 mark)
(b) Explain why the magnitude of the magnetic force acting on the proton increases as the number of revolutions of the proton increases.

 (3 marks)

(c) State one factor that determines the kinetic energy of the protons that emerge from the cyclotron.

 (1 mark)
(d) Explain why a cyclotron must be evacuated.

 (3 marks)

11.

Particles labelled A, B, C, and D enter an evacuated region in which a uniform magnetic field is directed into the page, as represented in the diagram below:
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(a) Identify a particle (A, B, C, or D) that has a positive charge.

 (1 mark)

(b) Particles A and B have equal charges and enter the uniform magnetic field with the same initial velocity.


Explain which of the two particles has the larger mass.

 (3 marks)

12.

An alpha particle of charge q( is released from a radioactive source and enters a vacuum where there is a uniform magnetic field directed perpendicularly into the page, as shown in the diagram below:
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(a) Explain why the alpha particle follows a circular path.

 (3 marks)

(b) Derive the formula 
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  for the diameter of the circular path followed by the alpha particle above.

 (3 marks)
13.

An experiment is carried out to measure the magnitude of the force acting on a straight current-carrying wire when placed within a uniform magnetic field at an angle of 900 to the field. The electric current I is varied for each trial and the magnetic force F is measured. The results of the experiment are shown in the graph below.
[image: image16.png]18.0

16.0

14.0

12.0

=] =]
=] o

(z-01x) 32404 on1audey

<
©

4.0

2.0

0.0 0/

100 150 200 250 300 350
Current (mA)

50





(a) Calculate the gradient of the line of best fit for the graph, clearly labelling on the graph the points you have used. State the units of the gradient of the graph.

 (3 marks)

(b) State the equation of the line of best fit in terms of F and  I.

 (2 marks)

(c) The magnetic field used has a magnitude of 2.0 x 10-3 T. Use your gradient to find the length of the straight current-carrying wire placed in the field.


 (3 marks)

Performance Standards for Stage 2 Physics

	
	Investigation
	Analysis and Evaluation
	Application
	Knowledge and Understanding

	A
	Designs logical, coherent, and detailed physics investigations.

Critically and logically selects and consistently and appropriately acknowledges information about physics and issues in physics from a range of sources.

Manipulates apparatus and technological tools carefully and highly effectively to implement well-organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively.
	Critically and logically analyses and evaluates connections between data, concepts, and issues in physics.

Critically and logically evaluates procedures and suggests a range of appropriate improvements.

Systematically and perceptively analyses and evaluates data and other evidence to formulate conclusions and make logical and highly relevant predictions.
	Applies physics concepts and evidence from investigations to suggest solutions to complex problems in new and familiar contexts.

Uses appropriate physics terms, conventions, formulae, and equations highly effectively.

Demonstrates initiative in applying constructive and focused individual and collaborative work skills.
	Consistently demonstrates a deep and broad knowledge and understanding of a range of physics concepts.

Uses knowledge of physics perceptively and logically to understand and explain contemporary applications.

Uses a variety of formats to communicate knowledge and understanding of physics coherently and highly effectively.

	B
	Designs well-considered and clear physics investigations.

Logically selects and appropriately acknowledges information about physics and issues in physics from different sources.

Manipulates apparatus and technological tools carefully and mostly effectively to implement organised safe and ethical work investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats mostly accurately and effectively.
	Clearly and logically analyses and evaluates connections between data, concepts, and issues in physics.

Logically evaluates procedures and suggests some appropriate improvements. 

Uses mostly logical analysis and evaluation of data and other evidence to formulate conclusions and make consistent and relevant predictions.
	Applies physics concepts and evidence from investigations to suggest solutions to problems in new and familiar contexts.

Uses appropriate physics terms, conventions, formulae, and equations effectively.

Applies mostly constructive and focused individual and collaborative work skills.
	Demonstrates some depth and breadth of knowledge and understanding of a range of physics concepts. 

Uses knowledge of physics logically to understand and explain contemporary applications.

Uses a variety of formats to communicate knowledge and understanding of physics coherently and effectively.

	C
	Designs considered and generally clear physics investigations.

Selects with some focus, and mostly appropriately acknowledges, information about physics and issues in physics from different sources.

Manipulates apparatus and technological tools generally carefully and effectively to implement safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using generally appropriate conventions and formats with some errors but generally accurately and effectively.
	Analyses and evaluates connections between data, concepts, and issues in physics.

Evaluates some procedures in physics and suggests some improvements that are generally appropriate. 

Analyses and evaluates data and other evidence to formulate conclusions and make simple and generally relevant predictions.
	Applies physics concepts and evidence from investigations to suggest some solutions to basic problems in new or familiar contexts.

Uses generally appropriate physics terms, conventions, formulae, and equations with some general effectiveness. 

Applies generally constructive individual and collaborative work skills.
	Demonstrates knowledge and understanding of a general range of physics concepts. 

Uses knowledge of physics with some logic to understand and explain one or more contemporary applications.

Uses different formats to communicate knowledge and understanding of physics with some general effectiveness.

	D
	Prepares the outline of one or more physics investigations.

Selects and may partly acknowledge one or more sources of information about physics or an issue in physics.

Uses apparatus and technological tools with inconsistent care and effectiveness and attempts to implement safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using conventions and formats inconsistently, with occasional accuracy and effectiveness.
	Describes basic connections between some data, concepts, and issues in physics.

For some procedures, identifies improvements that may be made.

Attempts to extract meaning from data and other observations and to formulate a conclusion or make a simple prediction that may be relevant.
	Applies some evidence to describe some basic problems and identify one or more simple solutions, in familiar contexts.

Attempts to use some physics terms, conventions, formulae, and equations that may be appropriate. 

Attempts individual work inconsistently, and contributes superficially to aspects of collaborative work.
	Demonstrates some basic knowledge and partial understanding of physics concepts. 

Identifies and explains some physics information that is relevant to one or more contemporary applications.

Communicates basic information to others using one or more formats.

	E
	Identifies a simple procedure for a physics investigation.

Identifies a source of information about physics or an issue in physics.

Attempts to use apparatus and technological tools with limited effectiveness or attention to safe or ethical investigation procedures.

Attempts to record and display some descriptive information about an investigation, with limited accuracy or effectiveness.
	Acknowledges that connections exist between data, concepts, and/or issues in physics.

Acknowledges the need for improvements in one or more procedures.

Attempts to organise some limited data or observations.
	Identifies a basic problem and attempts to identify a solution in a familiar context.

Uses some physics terms or formulae.

Shows emerging skills in individual and collaborative work.
	Demonstrates some limited recognition and awareness of physics concepts. 

Shows an emerging understanding that some physics information is relevant to contemporary applications.

Attempts to communicate information about physics.


Knowledge and Understanding Question 8 (c) allows students to demonstrate knowledge and understanding of contemporary applications.
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