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SYDNEY GRAMMAR SCHOOL 

Physics 

General Instructions 

• Reading time - 5 minutes 

• Working time- 3 hours 

• Write using blue or black pen 

• Draw diagrams using pencil 

• Board-approved calculators may 
be used 

• A data sheet, formulae sheets and 
Periodic Table are provided at the 
back of this paper 

• Write your candidate number at 
the top of each page in Part B 

• Hand in the paper in ONE bundle 
at the end of the exam. 

Check List 
Each candidate must have 

• Question paper 
• Multiple choice answer sheet 
• Five-page booklet 

2006 
FORM VI 

TRIAL HSC EXAMINATION 

Total marks (100) 

(Section I ) Pages 2 - 24 

(75 marks) 

This section has two parts, Part A and 
PartB 

Part A - 15 marks 

• Attempt questions 1 - 15 
• Allow about 30 minutes for this part 

Part B - 60 marks 

• Attempt Questions 16 - 28 
• Allow about 1 hour and 45 minutes for this part 

0ection II) Pages 25 - 28 

(25 marks) 
• Use a separate writing booklet 
• Attempt Question 34 only. 
• Allow about 45 minutes for this section 

Masters 

AAH - Dr A. Haines 

AGY- Mr A. Yabsley 

A WW- Mr A. Woolnough 

SR W - Mr S. Williams 

MRW- Dr M. Ward 



Form VI Physics 

Part A 
Total marks (15 marks) 
Attempt Questions 1-15 
Allow about 30 minutes for this Part 

Use the multiple-choice Answer Sheet. 

2006 Trial Examination 

Select the alternative A, B, CorD that best answers the question. Fill the response 
circle completely. 

Sample 2 + 4 = 

(A) 2 (B) 6 (C) 8 (D) 9 

@ © @ 

If you think you have made a mistake, put a cross through the incorrect answer and 
fill in the new answer. 

© @ 

If you change your mind and have crossed out what you consider to be the correct 
answer, then indicate this by writing the word correct and drawing an arrow as 
follows. 

/correct 

- © @ 
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1 An unknown planet, X, has an acceleration due to gravity of 14.0 ms-2 at its 
surface. What is the weight of a 75.0 kg astronaut on the surface of planet X? 

(A) 5.17N 
(B) 75.0 N 
(C) 388 N 
(D) 1050 N 

Questions 2, 3 and 4 refer to the following information: 

The following quantities describe the properties of the Hubble 
space telescope and its orbit around the Earth:-

• Total mass ofthe telescope= l.lx104 kg 
• Radius of telescope orbit = 7. 0 x 106 m. 

2 What is the orbital speed of the telescope? 

(A) 8.2 x 101 ms-1 

(B) 7.6 x 103 ms-1 

(C) 7.9 x 105 ms-1 

(D) 5.7 x 107 ms-1 

3 What is the gravitational potential energy of the telescope? 

(A) -6.3 x 10 11 J 
(B) -6.5 x 1010 J 
(C) -5.7 x 107 J 
(D) -9.0 x 104 J 

4 What is the gravitational force between the Earth and the telescope? 

(A) 8.2 X 101 N 
(B) 3.0 X 102 N 
(C) 9.0 X 104 N 
(D) 1.1 X 105 N 
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5 The star Algol is 3.67 x 1016 m away from Earth, as measured on Earth. A 
spacecraft travelling between the Earth and Algol measures the distance 
between Earth and Algol to be 2.15 x 1016 m. 

What is the speed of the spacecraft, relative to Earth? 

(A) 0.810c 
(B) 0.657c 
(C) 0.414c 
(D) 0.235c 

6 The following diagram shows a cross-section of a loudspeaker. 

'E' shaped magnet 

speaker coil Current into page 

Current out of page 

At the instant shown, when the current in the coil is flowing into the page at 
the top of the coil, which of the following statements describes the motion of 
the coil (and the attached cone)? 

(A) It is oscillating. 
(B) It is rotating. 
(C) It is accelerating to the right of the page. 
(D) It is accelerating to the left of the page. 
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7 The unit of magnetic flux is the weber, where 1.0 Wb is equivalent to which of 
the following units? 

(1\) 1 f\rn2 
(B) 1 1\rn-2 

(C) 1 Tm2 

(D) 1 Tm-2 

8 1\n electric motor driven from a constant voltage supply is used to move a 
load. If the magnitude of the load is decreased, which one of the following 
sets of changes occurs? 

Speed of Induced emf in Current in 
rotation coil (back emf) the coil 

(1\) mcreases mcreases decreases 

(B) decreases decreases increases 

(C) mcreases increases increases 

(D) decreases increases decreases 

9 There are 200 turns in the primary coil of an ideal transformer and its 
secondary coil has 50 turns. If the current in the secondary coil is 40.0 1\, 
what is the current in the primary coil? 

(1\) 160 )\ 
(B) 80.01\ 
(C) 40.01\ 
(D) 10.01\ 

Part A continued on the next page 
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10 The diagram below represents a magnet mounted on a light rod which is 
oscillating as a simple pendulum. At the end of the swing, the magnet 
approaches a coil connected to a sensitive galvanometer. 

pivot 

fixed support 

light rod 

bar magnet 

~----------------------

As it swings, the magnet induces an emf (voltage) in the coil. A graph of 
induced emf plotted against time for the coil is shown below. Times P, Q, R 
and S are marked on the graph for one complete period of oscillation. 

p s time 

At which of the times P, Q, R, and Sis the magnet closest to the coil? 

(A) Time P 
(B) Time Q 
(C) TimeR 
(D) TimeS 
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11 Red light from a laser was tested in a laboratory and found to have a 
wavelength of 635 nm. What is the energy of an individual photon of this 
light? 

(A) 1.04 x 10-36 J 
(B) 1.04 x 10-27 J 
(C) 3.13 X 10-28 J 
(D) 3.13x10-19 J 

12 In the context of experiments conducted in the nineteenth century, which of 
the following properties of cathode rays supports both the theory that cathode 
rays are composed of waves and the theory that they are particles? 

(A) Cathode rays can be deflected by electric fields. 
(B) Cathode rays can be deflected by magnetic fields. 
(C) A metal object in the path of the cathode rays will cast a sharp shadow. 
(D) Cathode rays have a definite charge to mass ratio. 

13 The following graph shows intensity of light, at different wavelengths, emitted 
by a white-hot metal filament in a light bulb at a temperature of 2500 K. 

1.0 

0.8 

.~ 0.6 
j 0.4 

0.2 

0.0 
0 500 1000 1500 2000 2500 3000 

Wavelength (nm) 

What was Planck's hypothesis to explain this intensity distribution for a black 
body radiator? 

(A) Light emitted and absorbed by black body radiators is in the form of a 
wave. 

(B) Light emitted and absorbed by black body radiators is quantised. 
(C) Light emitted and absorbed by black body radiators is a function of the 

temperature. 
(D) Only light above a threshold frequency can be emitted or absorbed by 

black body radiators. 
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Questions 14 and 15 refer to the following information: 

The diagram below shows a proton between two parallel, 
charged metal plates. The potential difference between the 
plates is 600 V and they are 1. 5 x 1 o-2 m apart. 

The proton is at a position 5. 0 X 1 o-3 m from the positive (top) 
plate. The electric charge on a proton is + 1. 6 X 1 o-19 c. 

Positive plate 

600V 

Negative plate 

14 What is the force on the proton due to the electric field between the plates? 

{A) 6.4 x 1 o-15 N 
(B) 6.4 x w- 13 N 
(C) 4.0 X 102 N 
(D) 4.0 X 104 N 

15 What is the potential difference between the position of the proton and the 
negative plate? 

(A) 600 V 
(B) 400 V 
(C) 200 V 
(D) 100 V 
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Class 
PartB 
Total marks - 60 Candidate Number 
Attempt Questions 16 - 28 
Allow about 1 hour and 45 minutes for this Part 

Answer the questions in the spaces provided 
Show all relevant working in questions involving calculations 

Marks 

Question 16 (2 marks) 

The modem definition of the metre is "the distance travelled by light in a vacuum 
during 11299,792,458 of a second." 

Explain why the modem metre is defined in this way. 
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Class 

Candidate Number 

Question 17 ( 6 marks) 

A boy performs an experiment with the simple projectile launcher shown below, 
which launches steel balls a short distance. 

~~~~~~--,---------
1 
I 
I 

HI 
I 
I 
I 

-' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

----------------------------------------· 
Range 

By pulling the spring in the launcher to a fixed distance, the boy gives the ball an 
initial velocity. 

In one test run of the launcher, the boy makes a number of observations about the 
trajectory of the ball. These are shown in the table below as Test Run A. 

Result Table Test Run A 

Angle of Launch, 8 30° 

Maximum Height, H 0.26m 

Range of Ball 1.80 m 

This question continues on the next page. 
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Class 

Question 17 ( cont) 

Candidate Number 

Marks 

(a) 

(b) 

(c) 

For Test Run A, calculate the magnitude of the initial vertical velocity of the 
ball. 

For Test Run A, calculate the total time the ball is in the air. 

For Test Run A, calculate the magnitude of the initial horizontal velocity of 
the ball. 

····························································································· 

............................................................................................. 

... ·························································································· 
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Class 

Candidate Number 

Marks 

Question 18 (6 marks) 

The following information was included in a NASA press release of June 13th, 2005: 

Astronomers Announce the Most Earth-Like Planet Yet Found 
Outside the Solar System 

Taking a major step forward in the search for Earth-like planets beyond 
our own solar system, a team of astronomers has announced the 
discovery of the smallest extra-solar planet yet detected. "We keep 
pushing the limits of what we can detect, and we're getting closer and 
closer to finding Earths," said team member Steven Vogt, a professor of 
astronomy and astrophysics at the University of California, Santa Cruz. 

The newly discovered "super-Earth" orbits the star Gliese 876, located just 
15 light years away in the direction of the constellation Aquarius. The 
team measured the mass of the planet to be 5.9 Earth masses, and its 
radius to be 2.2 times that of the Earth. It orbits Gliese 876 with a period 
of 1.94 days at a distance of 3.15 x 109 m. 

Use the information contained in the passage above to answer the following 
questions: 

(a) Calculate the acceleration due to gravity at the surface of the planet. 

(b) Compare the escape velocity of the planet to that of the Earth. 

This question continues on the next page 
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Class 

Candidate Number 

Question 18 ( cont) Marks 

(c) Calculate the mass ofthe star, Gliese 876. 2 
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Class 

Candidate Number 

Marks 

Question 19 (6 marks) 

The Michelson-Morley experiment attempted to measure the velocity of the Earth 
through the aether. Evaluate the significance ofthis experiment to the aether model 
of light. 

Page 14 of33 
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Class 

Candidate Number 

Section I- Part B (continued) 

Marks 

Question 20 ( 4 marks) 

The diagram below illustrates the path of a negatively charged particle moving in a 
magnetic field. The magnetic field is directed into the page. 

(a) 

(b) 

X XXXXXXX 
xxxxxxxx 
XX 
X 
X XXXX X 
XXXXXX X 

particle 

X X X X Bin 

xxxxxxxx 

Explain why the path of the particle is circular. 

···························································································· 

Describe the change to the radius of the path if a negatively charged particle 
of the same mass and speed but twice the charge is travelling in the same 
magnetic field. 

····························································································· 

······························ ······························································· 

····························································································· 

····························································································· 
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Class 

Candidate Number 

Marks 

Question 21 (4 marks) 

Compare and contrast the structure and function of a simple AC electric generator 
with that of a DC electric motor. 

Question 22 (3 marks) 

An electricity transmission line consists of two wires separated by 4.0 metres and the 
towers suyporting the wires are 200 metres apart. Each wire is carrying a current of 
1. 78 x 10 A. The currents are flowing in opposite directions. 

Determine the magnitude and direction of the force per metre exerted by each current 
on the other. 
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Class 

Candidate Number 

Marks 

Question 23 ( 4 marks) 

The photograph below shows the parts of an AC electric motor. 

'squirrel cage' rotor 

bearing 

Stator Coils Rotor assembly 

(a) Outline the function of the stator coils in this motor. 1 

(b) Describe the principle of operation of the type of motor illlustrated above. 3 
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Class 

Candidate Number 

Marks 

Question 24 (5 marks) 

The following diagram shows an aluminium sheet dropping, under the influence of 
gravity, between the poles of a strong permanent magnet. At the position shown, the sheet 
has an instantaneous velocity, V, and is dropping out of the field. Only the top half of the 
sheet remains between the poles of the magnet. 

(a) 

(b) 

X XXXXXXX 
xxxxxxxx 
X X Bin 

X 
X 
X 

X 
X 
X 

g = 9.8 ms-2 

On the diagram above, draw in the eddy current that is generated in the sheet, 
showing both the position and the direction of the current. 

Explain, in terms of the physical principles involved, the effect of the eddy 
current on the subsequent motion of the sheet. 
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2 

3 



Form VI Physics 2006 Trial Examination 

Class 

Candidate Number 

Section I -Part B (continued) 

Question 25 (3 marks) 

Marks 

Heinrich Hertz performed an experiment to measure the speed of radio waves using 
the principle of interference of waves produced by a reflection from a metal plate. 
Discuss the significance of the result of this experiment. 

Page 19 of 33 
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Class 

Candidate Number 

Marks 

Question 26 ( 4 marks) 

In the early nineteenth century, it was experimentally shown that light had wave 
properties such as interference and diffraction. However, this classical wave model 
of light could not be used to explain the observations made in experiments on the 
photoelectric effect. Use Einstein's reconceptualisation ofthe model of light to 
explain ONE observation made during photoelectric experiments. 

Page 20 of33 
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Class 

Candidate Number 

Marks 

Question 27 (6 marks) 

The diagram below shows a thin beam of electrons in a cathode ray tube. The electrons are 
moving at a velocity, v = 1.2 x 1 03 ms -I into a region of magnetic field between two electrically 
charged deflector plates (P and S). Due to the combined effect of the electric and magnetic fields 
between plates P and S, the electrons pass undeflected between the plates. 

The magnetic field has a magnitude of 100 T. 

(a) 

magnetic field, B;n = 100 T 

PlateS 

Anode Cathode ray tube 

Determine the magnitude and direction of the force on a single electron due 
to the magnetic field only. 

This question continues on the next page 
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Class 

Candidate Number 

Marks 

Question 27 (cont) 

(b) 

(c) 

Determine the magnitude and direction of the force on each electron due to 
the electric field. Show working or explain your answer. 

Derive an equation for the velocity of an electron between the deflector 
plates when the magnetic and electric forces are in balance. 
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Class 

Candidate Number 

Marks 

Question 28 (7 marks) 

Explain how energy savings are currently made during the generation and transmission of 
electricity through the power grid and assess the possible use of superconductors in these 
applications. 
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BLANK PAGE 
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Section II 

25 marks 
Attempt Question 34 only from Questions 31-35 
Allow about 45 minutes for this section. 

Answer the question in a writing booklet. Extra writing booklets are available. 
Show all relevant working in questions involving calculations. 

Elective 1 

Elective 2 

Elective 3 

Pages 

Question 31 

Question 32 

Question 33 

Question 34 

Question 35 

From Quanta to Quarks ........................................... 26 

Elective 5 
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Question 34 -From Quanta to Quarks (25 marks) 

(a) Identify a radio-isotope commonly used in industry and outline how it is 
used. 

(b) Two of Bohr's postulates, relating to the behaviour of electrons in the 
hydrogen atom, have been stated as follows: 

• Electrons can revolve around the nucleus in certain stable orbits 
~ without radiating energy or falling toward the nucleus despite 

having opposite charges to the nucleus. 

• ·An electron in a stable orbit has an angular momentum that is 

an integer multiple of !!_ 
2tr 

From these postulates Bohr determined that the total energy, En, of an 

electron in a stable orbit is: 

OR 

Where: 

• E1 = the magnitude of the first energy state. 

• n = 1, 2, 3, 4, ...... (an integer indicating d1e principle quantum state). 

• k = Coulomb's constant. 

• e = the charge on the electron. 

• me = d1e mass of the electron. 

• h = Planck's constant. 

Question 34 continues on the next page 
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Question 34 continued 

(i) State one other postulate of the Bohr model and use it to account 
for the change in energy that occurs when an electron makes a 
transition from one stable orbit to another. 

(ii) Beginning with the energy equation stated on the previous page, 
describe how Bohr's postulates led to a mathematical model that 
accounted for the existence of the Balmer series of the hydrogen 
spectrum and the empirical equation:-

Where: 

• RH =Rydberg's constant 

• n = 3, 4, 5, 6 

(c) The diagram below shows some of the energy levels for the electron in the 
hydrogen atom:-

Energy 

n=oo 0 

n=5 -0·87 x to-19 J 

n=4 -1·36xlo-19 J 

n=3 -2·41 X 10-19 J 

n=2 E(2) 

n=l 

The arrow shows a transition when an electron moves from the energy level 
n = 4 to energy level n = 2. 

Question 34 continues on the next page 
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(d) 

(e) 

Question 34 continued 

(i) An electron is found to emit light during the transition from 
energy level n = 4 to energy level n = 2. This light has a 
wavelength of 486 nm. Calculate the frequency of the light 
emitted. 

(ii) Calculate the energy, E(2), in joules, of energy level n = 2. 

(i) Calculate the de Broglie wavelength of an electron travelling at a 
velocity of8.56 x 103 ms-1

• 

(ii) Describe the confirmation of de Broglie's proposal by Davisson 
and Germer. 

Assess the contributions made by Heisenberg and Pauli to the 
development of atomic theory. 

END OF PAPER 
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Physics 

Data Sheet 

Charge on the electron, qe 

Mass of electron, me 

Mass of neutron, mn 

Mass of proton, mp 

Speed of sound in air 

Earth's gravitational acceleration, g 

Radius of Earth, RE 

Speed of light, c 

Magnetic force constant, ( k = ;; ) 

Universal gravitational constant, G 

Mass of Earth 

Planck's constant, h 

Rydberg's constant, R (hydrogen) 

Atomic mass unit, u 

1 eV 

Density of water, p 

Specific heat capacity of water 
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-1.602 X 10-19 C 

9.109 X 10-3! kg 

1.675 X 10-27 kg 

1.673 x 1 o-27 kg 

340m s-1 

9.8 m s-2 

2.0 X 10-7 N A-2 

6.7 X 10-11 N m2 kg-2 

6.0 X 1024 kg 

6.626 x 1 o-34 J s 

1.661 X 10-27 kg 
931.5 MeV/c2 

1.602 X 10-19 J 

1.00 x 103 kg m-3 

4.18 X 103 J kg-] K-1 
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v = fJ.. 

1 
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-=--
v2 sinr 
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P=VI 
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~r 
vav = ~t 

~v v-u 
a =-=--

av ~f f 

LF=ma 

F = mv2 
r 

1 2 
Ek =-mv 

2 

W=Fs 

p=mv 

Impulse= Ft 
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FORMULAE SHEET 
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p 

r 

F=mg 

2 2 
vx = ux 

v = u+at 

v~ = u~ + 2ay~Y 
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F =k!J2 
l d 

F = B!lsinB 

r=Fd 

r = nB!AcosB 

F = qvBsinB 

E=v 
d 

E=hf 

c =fA-

Z=pv 

Ir [z2 -z,]2 
Ia = [z2 +Z,Y 

FORMULAE SHEET 
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d =_!_ 
p 

M = m -5log( 1~) 
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General Instructions 

• Reading time - 5 minutes 

• Working time- 3 hours 
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• Draw diagrams using pencil 

• Board-approved calculators may 
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• A data sheet, formulae sheets and 
Periodic Table are provided at the 
back of this paper 

• Write your candidate number at 
the top of each page in Part B 
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Form VI Physics 

Part A 
Total marks (15 marks) 
Attempt Questions 1-15 
Allow about 30 minutes for this Part 

1. D 

2. B 

3. A 

4. c 
5. A 

6. D 

7. c 
8. A 

9. D 

10. B 

11. D 

12.C 

13. B 

14. A 

15. B 

2006 Trial Examination 
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Class 
PartB 
Total marks- 60 Candidate Number 
Attempt Questions 16 - 28 
Allow about 1 hour and 45 minutes for this Part 

Answer the questions in the spaces provided 
Show all relevant working in questions involving calculations 

Marks 

Question 16 (2 marks) 

The modern definition of the metre is "the distance travelled by light in a vacuum 
during 1/299,792,458 of a second." 

Explain why the modern metre is defined in this way. 

2 

The speed of light is constant for all observers... 1 

so this definition ensures that the metre is a universally consistent length. 1 

NB general comments about 'accuracy' ~max 1 mk 
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Class 

Candidate Number 

Question 17 (6 marks) 

A boy performs an experiment with the simple projectile launcher shown below, 
which launches steel balls a short distance. 

----------------------------------------· 
Range 

By pulling the spring in the launcher to a fixed distance, the boy gives the ball an 
initial velocity. 

In one test run of the launcher, the boy makes a number of observations about the 
trajectory of the ball. These are shown in the table below as Test Run A. 

Result Table Test Run A 

Angle of Launch, 8 30° 

Maximum Height, H 0.26m 

Range of Ball 1.80 m 

This question continues on the next page. 
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Class 

Question 17 ( cont) 

Candidate Number 

Marks 

(a) 

(b) 

(c) 

For Test Run A, calculate the magnitude of the initial vertical velocity of the 
ball. 

Uv = ? av = -g rv = 0.26m Vv = 0 

use v2 = u2 + 2 ar 

~ = u/ -19.6x0.26 (1 mark) 

u/ = 5.096 :. Uv = 2.3ms-1 (1 mark) 

For Test Run A, calculate the total time the ball is in the air. 

Uv = 2.257ms-l Vv = -2.257ms-l av = -g 

v-u use t = --
a 

t = - 2x2.257 (1 mark) 
-9.8 

t = 0.46s (1 mark) 

For Test Run A, calculate the magnitude of the initial horizontal velocity of 
the ball. 

Range= UHx t 

:. UH = Range/t = I.B0/0.46 (I mark) 

=UH = 3.9ms-1 (I mark) 
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Class 

Candidate Number 

Marks 

Question 18 (6 marks) 

The following information was included in a NASA press release of June 13th, 2005: 

Astronomers Announce the Most Earth-Like Planet Yet Found 
Outside the Solar System 

Taking a major step forward in the search for Earth-like planets beyond 
our own solar system, a team of astronomers has announced the 
discovery of the smallest extra-solar planet yet detected. "We keep 
pushing the limits of what we can detect, and we're getting closer and 
closer to finding Earths," said team member Steven Vogt, a professor of 
astronomy and astrophysics at the University of California, Santa Cruz. 

The newly discovered "super-Earth" orbits the star Gliese 876, located just 
15 light years away in the direction of the constellation Aquarius. The 
team measured the mass of the planet to be 5.9 Earth masses, and its 
radius to be 2.2 times that of the Earth. It orbits Gliese 876 with a period 
of 1.94 days at a distance of 3.15 x 109 m. 

Use the information contained in the passage above to answer the following 
questions: 

(a) 

(b) 

Calculate the acceleration due to gravity at the surface of the planet. 

A= G.Mir2 = (6.67x10- 11
) x 5.9 x (6.0x1024

) 

(2.2 x 6.4xl06i 
= 11.9ms-2 (1 mark) 

(1 mark) 

Compare the escape velocity of the planet to that of the Earth. 

. /2G.5.9.ME 
Vp = /v rE (1 mark) 

rs_g-
.. Vp =IV -2.2 VE :. Vp = 1.64VE (1 mark) 

This question continues on the next page 
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Question 18 ( cont) 

(c) Calculate the mass of the star, Gliese 876. 

:.M= 4Tr2r3 
GT2 

M = 4 x 1r
2 x (3.15x109

)
3 (1 mark) 

M = 6.6xl029kg (1 mark) 
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Class 

Candidate Number 

Marks 

Question 19 (6 marks) 

The Michelson-Morley experiment attempted to measure the velocity ofthe Earth 
through the aether. Evaluate the significance of this experiment to the aether model 
of light. 

5-6 marks were awarded for answers that addressed all of the following 
points: 

• An outline of the aether model of light. 

• The aim (or likely outcome) of the MM expt in terms of the aether 
model. 

• A brief description of the MM expt. 

• The outcome of the MM expt. 

• The subsequent interpretation of the Null result. 

• An explicit evaluation of the significance of the experiment. 

• Expressed in appropriate and precise physical terminology. 
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Class 

Candidate Number 

Section I- Part B (continued) 

Marks 

Question 20 ( 4 marks) 

The diagram below illustrates the path of a negatively charged particle moving in a 
magnetic field. The magnetic field is directed into the page. 

(a) 

(b) 

X XXXXXXX 
xxxxxxxx 
XX 
X 

Explain why the path of the particle is circular. 

particle 

velocity is perpendicular to force (or acceleration) (1 mark) 

force is directed towards the centre and provides a centripetal force (1 
mark) 

Describe the change to the radius of the path if a negatively charged particle 
of the same mass and speed but twice the charge is travelling in the same 
magnetic field. 

r = mv/qB :. r oc 1/q 

:. if q doubled, then r decreased to r/2 
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Class 

Candidate Number 
Marks 

Question 21 (4 marks) 

Compare and contrast the structure and function of a simple AC electric generator 
with that of a DC electric motor. 

FD =function difference 

AC generator: mechanical energy ~ electrical energy} 

DC motor : electrical energy ~ mechanical energy 

SS = same structure 
__. 

Both have B field, rotating armature (coil) (I mark) 

SD = different structure 

split ring commutator versus slip ring commutator (I mark) 

must have both for I mark 

I mark for each comparison- must have similarities and differences (at least one of 
each) 

Question 22 (3 marks) 

An electricity transmission line consists of two wires separated by 4.0 metres and the 
towers supporting the wires are 200 metres apart. Each wire is carrying a current of 
1. 78 x 1 0 A. The currents are flowing in opposite directions. 

Determine the magnitude and direction of the force per metre exerted by each current 
on the other. 

F/1 = K!Ihld 

= 2xi0-7 xI. 78xi02 xI. 78xi02 

4 
I mark for correct substitution into correct formula 

= I.58xi0-3Nm-1 repulsion ( Imarkfor answer and I markfor repulsion) 
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Class 

Candidate Number 

Marks 

Question 23 ( 4 marks) 

The photograph below shows the parts of an AC electric motor. 

(a) 

(b) 

'squirrel cage' rotor 

bearing 

Stator Coils Rotor assembly 

Outline the function of the stator coils in this motor. 

Produces a (rotating) magnetic field 

Describe the principle of operation of the type of motor illlustrated above. 

~0 = changing/rotating magnetic field of stator induces eddy currents within 
the rotor (i.e. need to mention ~ B or ~0 in stator induces I in the rotor. (1 
mark) 

F = current (I) in rotor experiences a force due to the motor effect. (1 mark) 

D = direction of rotor's rotation same as the magnetic field rotation of the 
stator (1 mark) 
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Class 

Candidate Number 

Marks 

Question 24 (5 marks) 

The following diagram shows an aluminium sheet dropping, under the influence of 
gravity, between the poles of a strong permanent magnet. At the position shown, the sheet 
has an instantaneous velocity, V, and is dropping out of the field. Only the top half of the 
sheet remains between the poles of the magnet. 

(a) 

(b) 

loop must be in 
filed and outside 
field 

X XXXXXXX 
xxxxxxxx 
X X Bin 

X 
X 
X 

v 

X 
X 
X 

g = 9.8 ms-2 

On the diagram above, draw in the eddy current that is generated in the sheet, 
showing both the position and the direction of the current. 

Eddy current loop on metal infield and outside field (1 mark) 

Direction of induced current correct (1 mark) 

Explain, in terms of the physical principles involved, the effect of the eddy 
current on the subsequent motion of the sheet. 

F =eddy current causes an upward force on the aluminium shed (1 mark) 

L = statement of Lenz 's Law i.e. direction of the eddy current produces a 
magnetic field that interacts with the external field so as to oppose the charge 
(1 mark) 

M =description of motion i.e. upward force reduces the acceleration (<9.8ms-
2) or slows the velocity of the sheet (1 mark) 
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Class 

Candidate Number 

Section I - Part B (continued) 

Question 25 (3 marks) 

Marks 

Heinrich Hertz performed an experiment to measure the speed of radio waves using 
the principle of interference of waves produced by a reflection from a metal plate. 
Discuss the significance of the result of this experiment. 

radio waves travel at c (I mark) 

light travels at c, radio waves are elm (I mark) 

:. light is elm (I mark) 
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Class 

Candidate Number 

Question 26 ( 4 marks) 

In the early nineteenth century, it was experimentally shown that light had wave 
properties such as interference and diffraction. However, this classical wave model 
of light could not be used to explain the observations made in experiments on the 
photoelectric effect. Use Einstein's reconceptualisation of the model of light to 
explain ONE observation made during photoelectric experiments. 

Observations: 

• Threshold frequency 

• G K of photoelectrons independent of intensity 

• photo current a intensity 

• slope of graph is "h" 

Einstein: 

Light is photons of energy [; = hf 

2 marks for well 
described observation 

1 mark for poor 
description of correct 
observation or general 
photoelectric idea only 

"all or nothing rule" i.e. photon enrgy must be > work function 

& =hf-hfo 

Photons collide with electrons on metal surface and displace them if sufficient 
energy. 
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Class 

Candidate Number 

Marks 

Question 27 (6 marks) 

The diagram below shows a thin beam of electrons in a cathode ray tube. The electrons are 
moving at a velocity, v = 1.2 x 103 ms-1 into a region of magnetic field between two electrically 
charged deflector plates (P and S). Due to the combined effect of the electric and magnetic fields 
between plates P and S, the electrons pass undeflected between the plates. 

The magnetic field has a magnitude of 100 T. 

(a) 

magnetic field, Bin= 100 T 

I ·.·. .· Plate P• 

X X X X X i v = 1.2 x 10
3 ms-

1 

,~~"'""'""""1 ::::::::::::::::::::::::: ·:---~x~x'V'-...,X;r<-~x~x'V'-~Xr:'--ij!---...~~e..uleo.~o;ctu.r~oni.L..U.be~awmL£..-__ • 

Anode 

X X X X X X ! 10·0 em 

c:::!i!i!!--:;:::=::-~· 
PlateS 

Cathode ray tube 

Determine the magnitude and direction of the force on a single electron due 
to the magnetic field only. 

v = 1.2x103ms-1
, B =lOOT, q = 1.6x10-19C 

F=Bqv 

F= JOOx 1.6x10-19 x 1.2xJ03 

= 1.92x10-14N (1 mark) down (1 mark) 

This question continues on the next page 
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Class 

Candidate Number 

Marks 

Question 27 (cont) 

(b) 

(c) 

Determine the magnitude and direction of the force on each electron due to 
the electric field. Show working or explain your answer. 

-+ -+ 
Fs +FE= 0 

:.Fe=-~ 
i.e. 1.92x10-14N Up (1 mark) 

Derive an equation for the velocity of an electron between the deflector 
plates when the magnetic and electric forces are in balance. 

-+ -+ 
:.Eq =Bqv 

:.v =ErB 
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Class 

Candidate Number 

Marks 

Question 28 (7 marks) 

Explain how energy savings are currently made during the generation and transmission of 
electricity through the power grid and assess the possible use of superconductors in these 
applications. 

3 for current savings 

e.g. high voltage :.low current 

reduce ohmic heating 

A C is more efficient 

laminations of cores in transformers 

4 for superconductors 

I each for two advantages/features 

I each for two disadvantages 

Note: max of 5 if no negatives of superconductors mentioned 
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BLANK PAGE 
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Section II 

25 marks 
Attempt Question 34 only from Questions 31 - 35 
Allow about 45 minutes for this section. 

Answer the question in a writing booklet. Extra writing booklets are available. 
Show all relevant working in questions involving calculations. 

Elective 1 

Elective 2 

Elective 3 

Pages 

Question 31 

Question 32 

Question 33 

Question 34 

Question 35 

From Quanta to Quarks ........................................... 26 

Elective 5 
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Question 34 - From Quanta to Quarks (25 marks) 

(a) Identify a radio-isotope commonly used in industry and outline how it is 
used. 

Typical answer 
Iridium 192 
Is used to inspect metal parts and welds for deficts. The radiation passes through the 
of?ject being inspected and an image is recorded on film. 

(b) Two of Bohr's postulates, relating to the behaviour of electrons in the 
hydrogen atom, have been stated as follows: 

• Electrons can revolve around the nucleus in certain stable orbits 
without radiating energy or falling toward the nucleus despite 
having opposite charges to the nucleus. 

• An electron in a stable orbit has an angular momentum that is 

an integer multiple of !!....._ 
2rc 

From these postulates Bohr determined that the total energy, E
11

, of an 

electron in a stable orbit is: 

OR E =EI 
II 2 n 

Where: 

• £ 1 = the magnitude of the flrst energy state. 

• n = 1, 2, 3, 4, ...... (an integer indicating the principle quantum state). 

• k =Coulomb's constant. 

• e = the charge on the electron. 

• me = the mass of the electron. 

• h = Planck's constant. 

Question 34 continues on the next page 
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Question 34 continued 

(i) State one other postulate of the Bohr model and use it to account 
for the change in energy that occurs when an electron makes a 
transition from one stable orbit to another. 

Typical answer 
An atom (or electron) onfy emits or absorbes energy when it makes a transition from one 
state to another 

OR 
When an electron makes a transition between one state an another, the event is 
accompanied by the emission or absorption of a quantum of radiation (a photon). 
AND 
The energy change is equal to the difference in enet;gy between the two states and 
this energy becomes a photon with enet;gy: 

hj = E final - £initial 
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(ii) Beginning with the energy equation stated on the previous page, 
describe how Bohr's postulates led to a mathematical model that 
accounted for the existence of the Balmer series of the hydrogen 
spectrum and the empirical equation:-

Where: 

• RH =Rydberg's constant 

• n = 3, 4, 5, 6 
SAMPLE ANSWER 

Note: more mathematical steps may be shown. 

• Bohr postulated that whm an electron in the I?Jdrogen makes a transition .from a higher ener;gy 
state to a lower state that radiation is emitted in the form of a photon with an mer;gy equal to 
the difference between the energies of the initial and final states. 

• Using the ener;gy state equation given: E = Et 
n n2 

the equation for the change of ener;gy when an electron makes a transition is: 

• the ener;gy change above is equal to the energy of the photon emitted dun'ng the transition, 
ther~fore: 

• Expressing the ener;gy change in terms of wavelength 

Since M=hf= he 
It 

then 

• Bohr equation is a mathematical model that allows for the prediction of the wavelengths in the 
I?Jdrogen spectrum. Bohr's equation has the same form as the empirical equation of Balmer for 
the I?Jdrogen spectrum and the value of the Rydber;g constant, determined empiricalfy, can be 
evaluated .from the theoretical constant of the Bohr equation. The values of the constant is the 
same in both equations. Thus the Bohr model of ener;gy change dun'ng electron transitions 
accounts for the empin'cal equation of Balmer. 

• Substituting n1 = 2 and the various values of ni = 3, 4, 5, in the Bohr equation allows for the 
calculation of the wavelength of lines in the Balmer series. The predicted wavelengths calculated 
in this wqy are equal to the wavelengths measured in experiments. Thus the Bohr model of 
energy change during electron transitions accounts for emission lines in the Balmer series. 
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(c) The diagram below shows some of the energy levels for the electron in the 
hydrogen atom:-

Energy 

n=oo 0 

n=5 -0-87 x w-19 J 

n=4 -1·36xi0-19 J 

n=3 -2·4Ixto-19 J 

n=2 E<2J 

n=l -21·7xto-19J 

The arrow shows a transition when an electron moves from the energy level 
11 = 4 to energy level 11 = 2. 

(i) An electron is found to emit light during the transition from 
energy level n = 4 to energy level n = 2. This light has a 
wavelength of 486 nm. Calculate the frequency of the light 
emitted. 

!=~ 
A. 

3 X 108 

j = 4.86 X 10·7 

f = 6.17 X 1014 
Hz 

(ii) Calculate the energy, Ecz), in joules, of energy level n = 2. 

M=hf M = 4.1 X 10'19 
J 

-21.7 X 10'19 

£2=-----
4 

E2 = -5.425 X 10'19 
J 
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(d) (i) Calculate the de Broglie wavelength of an electron travelling at 
a velocity of8.56 x 103 ms-1

. 

A=!!_ 
mv 

6.626 x 1 o-34 

f = ~.109 X l0-31 x8.56 X 103
) 

(ii) Describe the confirmation of de Broglie's proposal by 
Davisson and Germer. 

• Describes an experiement involving an electron beam 
directed at a crystal of nickel. 

• Describes the result of the experiment as an observed 
diffraction of electrons. 

• Makes the link that diffraction is a property that is specific to 
waves. 
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(e) Assess the contributions made by Heisenberg and Pauli to the development of 
atomic theory. 

Marking Criteria 

Outlines two contributions made £:y Heisenberg to atomic theory 

Examples are in the following list: 

• Developed matrix mechanics to app!J quantum theory to the atomic model and replacing the ad hoi' 
model of Bohr. 

h 
• Developed the uncertainty prindple that stated &.11p = --

27r 
• Proposed an atomii' nucleus consistittg of protons and neutrons 

Outlines two contn'bution made £:y Pauli to atomic theory 

Examples are in the following list: 

• Proposed the exclusion principle that no ttvo electrons in the same atoms can have the same 
quantum state (ie the same set of4 quantum numbers). 

• Proposed the fourth quantum number for electron spin. 

• Derived the Balmer equation using quantum mechanics. 
• Predicted the existence to the neutrino to explain the conseroation of energy and momentum in beta 

decqy. 

Assesses the contn'butions made £:y Heisenberg to atomic theory 

Examples are in the following list: 

• Quantum theory and the uncertainty principle produced a model of the atom in which the electrons 
exist in electron orbitals that were more in the nature of probability clouds than simple circular 
orbits of Bohr. 

• The uncertainty principle was conststent with the idea that electrons have a wave nature when in a 
quantised energy state 

Assesses the contributions made £:y Pauli to atomic theory 

Examples are in the following list: 

• The exclusion prindple explained the numbers of electrons in each quantum level of the atoms in the 
periodic table and explained chemical properties such as valenry an group similarity of elements. 

• The four quantum numbers explained aspects of the l!Jdrogen spectrum such as l!Jperfine spectral 
lines and Zeeman splitting due to strong magnetic fields 

• The existance of the neutrino explained the decqy of a neutron into a proton and increased our 
knowledge of the substructure of the atom. 
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