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Section A – Core

Instructions – Answer all questions in both areas of study in this section of the paper.
Area of study 1 – Electric Power

A 20cm section of conducting wire is passed through a uniform magnetic field as shown below. A DC current of 1.5A is passed through the wire from X to Y. The strength of the magnetic field is 10T
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Question 1
Which one of the following (A.-F.) best describes the direction of the resulting force on the wire?
A. Up

B. Down

C. Into the page

D. Out of the page

E. Left

F. Right
[image: image15.bmp]
2 marks
Question 2
Calculate the magnitude of force acting on the wire.
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2 marks

Question 3
Describe three ways to increase the force acting on the wire.

3 marks
Questions 4 to 6 refer to the following information
The following diagram is of a simple transformer. The primary coil consists of 2000 turns of wire. The secondary coil has 20000 turns of copper wire.

Diagram is not drawn to scale.

[image: image2]
Question 4

Calculate the primary RMS voltage given that the secondary voltage is 480 AC.


2 marks
2 marks

Question 5
What is the secondary voltage given that the primary voltage is 60 DC?


2 marks
Question 6

Justify your answer to Question 5.


2 marks

A student attempts to recreate a crude DC motor. He places a rectangular coil with 40 turns of insulated copper wire in a magnetic field and connects the coil to a DC power supply as shown in the diagram below.


[image: image3]
The length of AB and BC is 10cm and 15cm respectively. The magnetic field strength between the poles is 0.60T. When the switch is closed 0.7A flows through the coil.

Question 7

In the situation above, calculate the magnitude of force acting on side AB when the switch is closed.


2 marks

Question 8

In the situation above, the student states that there is force acting on side AB however there is no torque. Explain why.



2 marks

The student finds that the motor does not work properly.

Question 9

Describe what would happen to the coil in the diagram above when the switch is closed.



3 marks
Question 10

What component would need to be added to the motor to ensure it functions correctly as a DC motor? Explain the function of this component.

3 marks
Suppose the student arranges the equipment above and modifies it so it operates correctly as an AC generator producing an average EMF of 12V.
Question 11

Calculate the time it takes for one full rotation of the coil to in order to generate an average EMF of 12V.


3 marks
The following is the initial AC output produced by the student’s AC motor.
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Question 12

If the student now doubles the rate of rotation and doubles the strength of the magnetic field, sketch on the axes provided the new AC output.
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3 marks
Questions 13 to 15 refer to the following information
Electricity is provided to a campsite from a generator located 300m from the site. The generator provides 500V RMS AC. However this is stepped up to 1500V before this is transferred over the 300m to the campsite.
For the following questions, assume all transformers are ideal.
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Question 13

A measurement of current is taken at the generator before the voltage is stepped up and it indicates that the campsite is drawing 60A. What is the current in the transmission lines after the voltage is stepped up?


2 marks
Question 14
The voltage supplied to the campsite at the secondary side of transformer 2 is only 480V. What voltage is being delivered to transformer 2 by the transmission lines? Assume that transformer 2 has the same turn ratio as transformer 1.
2 marks
Question 15
What is the total resistance in the transmission lines between transformer 1 and transformer 2?
3 marks
Area of study 2 – Interactions of light and matter

Questions 1 to 3 refer to the following information
A Year 12 VCE student recreates Young’s double slit experiment. The set up is shown in the diagram bellow.
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Question 1
Is X a bright or dark region? Justify your answer.


2 marks
Question 2
Y is the 4th dark band. Calculate the path difference between AY and BY.


3 marks
Question 3
Explain how Young’s experiment provides evidence that light is a wave.



2 marks
Questions 4 to 7 refer to the following information
The student decides to investigate the particle theory of light which can be shown in the photoelectric effect. He sets up apparatus in which various frequencies of light are shone onto a Caesium metal plate inside a vacuum tube.

[image: image8]
When light of wavelength 610nm is used, the following current vs. voltage graph is obtained.

[image: image9]
Question 4
What is the energy of a 610nm photon? Give your answer in eV.



2 marks
Question 5

Explain the meaning of the term ‘work function’.


2 marks
Question 6
Calculate the work function of Caesium in eV.
2 marks
Question 7
If the frequency of the light incident on the Caesium metal plate is the same but the intensity is increased, which one of the following statements (A.-D.) best describes what will happen?
A. Both the number of photoelectrons released and stopping voltage will increase.

B. The number of photoelectrons released will increase but the stopping voltage will remain the same.

C. The number of photoelectrons released will remain the same but the stopping voltage will increase.

D. The number of photoelectrons released will increase but the stopping voltage will decrease.

2 marks

Question 8
In the space below, draw the standing wave for a hydrogen atom in the second excited state.

2 marks

Questions 9 to 10 refer to the following information
The following shows the five energy levels for electrons in a mercury atom.
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Question 9
Calculate the wavelength of the light emitted when an electron from the first excited level fall back to the ground state.


2 marks
Question 10

Which one or more of the following photon energies can be emitted by a mercury atom which is initially in its 2nd excited state

A. 1.8 eV
B. 1.6 eV
C. 4.9 eV
D. 6.7 eV

3 marks

Question 11
Similar diffraction patterns are obtained when scattering electrons and x-rays off a crystal lattice of random orientation. Which one of the following statements (A.-D.) best explain why this is so?

A. Electrons and x-rays travel at the same speed.

B. Electrons and x-rays have the same energy.

C. Electrons and x-rays have the same wavelength.

D. Electrons and x-rays have the same frequency.


2 marks
Section B – Detailed Studies

Instructions – Choose one of the following Detailed Studies.  -    Synchrotron and its applications

· Photonics

· Sound

Answer all the questions in the detailed study you have chosen.
Detailed Study 1 – Synchrotron and its applications

Question 1
What is the speed of an electron once it is accelerated through a potential of 500V?


2 marks
Question 2

A magnetic field intensity of 3.3x10-3T is used to give the electrons this speed. What is the radius curvature?

2 marks
Question 3
What does the phrase “collimated photons” mean?


2 marks

Question 4

A crystal of a simple ionic compound is bombarded with collimated X-rays with a wave length of 131pm. The first-order diffraction of the beam is observed at a glancing angle of 10.5º. Determine the distance between the adjacent planes of the atoms in this sample.

1 marks
Question 5
Explain the function of each of the following components of a synchrotron.
i. electron linac (linear accelerator)







ii. circular booster






iii. storage ring






iv. beamlines
4 marks

An X-ray photon with a momentum of 5.9 x 10-23kgms-1 collides with a stationary electron. The electron’s momentum gain is 1.1 x10-22kgms-1, and is in the same direction as the X-ray photon.
Question 6

What is the wavelength of the incident photon?


2 marks
Question 7

What is the momentum of the scattered photon?

2 marks
Question 8

In this collision, which one of the following statements is correct?
A. Only momentum is conserved.

B. Neither nether kinetic energy nor momentum is conserved.

C. Only kinetic energy is conserved.

D. Both kinetic energy and momentum is conserved.


2 marks

Question 9
Explain how a crystal can be used to select a particular wavelength from a continuous spectrum of X-rays.

2 marks
Question 10
Calculate the anode voltage required to accelerate the electrons to a speed of 6.1x10-7ms-1.


2 marks
Detailed Study 2 – Photonics

An optical fibre has a core with an optical index of 1.59 and a cladding of optical index of 1.46.
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Question 1
Draw on the diagram a typical path followed by the incident ray.

2 marks
Question 2

Explain why the fibre has to have a higher optical index than the cladding.

3 marks
Question 3
What is the critical angle for the optic fibre?

2 marks

Question 4
Explain three purposes of optical fibre cladding.

2 marks
Question 5

What is monochromatic light and why is used in fibre optics?


2 marks
Question 6

A particular LED emits light of wavelength 545nm. Calculate the band-gap energy for this particular LED in electronvolts.

 
2 marks
Question 7
Light of wavelength 545nm appears green. Explain how LEDs can be manufactured so that it can emit white light.


2 marks
The following graph shows typical attenuation loss for a fibre optic cable. The dashed line indicates the Rayleigh scattering component of the total absorption.
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Question 8

Explain what is meant by the term ‘Rayleigh scattering’.


2 marks
Question 9
What is the cause of the majority of the signal losses that occur at 1150nm?

2 marks
Question 10

What one of the following best describes the likely cause of the sharp peak at 1455nm?

A. Dispersion

B. Absorption

C. Total internal reflection

D. Rayleigh scattering


2 marks
Detailed Study 3 – Sound
Question 1

Give the definitions for transverse waves and longitudinal waves.

4 marks
Question 2

A student measures the sound intensity of the school band playing at assembly to be 1.3x10-3Wm-2. Now the student moves closer to the band which is 2/5 of the distance compared to where he was sitting previously. What is the sound intensity at this distance?


3 marks
Questions 3 to 5 refer to the following information
A student uses a tube closed at one end to model a wind instrument. By changing the frequency of a loudspeaker very close to the open end he creates resonances at several different frequencies. The three lowest frequency resonance has a wavelength 0.68m. Assume the speed of sound is 340ms-1.
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Question 3

What is the lowest frequency at which resonance occurs for this tube?

2 marks
Question 4

What is the length of the pipe?

2 marks
Question 5

Which one of the following are resonance frequencies for this particular pipe?

A. 600Hz

B. 1500Hz

C. 1000Hz

D. 2000Hz


2 marks
Question 6
Microphones that are used in telephone handsets consist of carbon granules that are placed under the pressure of a diaphragm that vibrates in response to sound. These microphones have an optimum response range of under 1000Hz. Explain why this type of microphone is used to telephones and in what situations will this microphone perform poorly.

3 marks
Question 7

Dynamic (or moving coil) microphones:
A. rely on varying capacitance for their operation.

B. incorporate permanently charged dielectric materials.

C. rely on the generation of charge in piezo-electric materials.

D. rely on the electromagnetic induction of current.

2 marks
Question 8

Explain the purpose of a baffle in relation to sound systems.


3 marks
Y





X





N





S











N





Primary





Secondary





V  AC





V DC





N





S





A





B





D





C





N





s





Time





Voltage





Voltage





Time





Generator





Transformer 1





Transformer 2





Campsite





A





V





Ω





B





A





Y





X





Monochromatic light source: 490nm





m





A





V





Visible Light





Vacuum Tube





Metal Plate





Io





-0.14





Current





Voltage





eV





eV

















ionisation





0





-1.6





-3.7





-5.5





-10.4





Energy (eV)





n = 4





n = 3





n = 2





ground state n = 1





nm











Long transmission lines





ms-1





ms-1





ms-1





m





kgms-1











kV





cladding





air





optic fibre





monochromatic light





º





eV





0





1








2








3





4





800





1000





1200





1400





1600





Attenuation


(db/km)








Wavelength (nm)














Wm-2





L





Hz





m

















�








© Australian Education Academy Pty Ltd – Physics Unit 4 Trial Exam – 2006                                          1
© Australian Education Academy Pty Ltd – Physics Unit 4 Trial Exam – 2006                                          26

