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Section One: Short Response 
 

This section has twelve (12) questions. Answer all questions. Write your 
answers in the space provided.  
 
Suggested working time for this section is 50 minutes. 
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Question 1         (4 marks) 
 
A circular bridge, as shown below, has a sign warning motorists that the 
maximum safe speed to travel over the bridge and not lose contact is        
40.0 kmh-1. Calculate the radius of the bridge.  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

40 kmh−1 = 11.1ms−1

ΣF = ma

ΣF = FN −mg = − mv
2

r
FN = 0

mg = mv
2

r

9.8 = 11.1
2

r
r = 12.6 m 1 

0.5 

1 

0.5 

1 
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Question 2            (4 marks) 
 
A sound technician is varying the frequency of sound waves emitted from a 
speaker. At a particular frequency he notices that the glass in a nearby 
tabletop starts to vibrate. Name this phenomenon and explain why the 
tabletop vibrates.   
 
 

• Resonance 
• Sound waves from the speaker are incident on the tabletop and push 

and pull on the glass.  
• When the frequency of the sound waves are close to or equal to the 

natural frequency of the glass in the tabletop 
• The tabletop will experience large amplitude oscillations (will be 

noticeably vibrating).   
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Question 3                      (5 marks) 
 
A nutcracker, as shown below is a device used to crack open the shells of 
nuts. The nutcracker is designed to fit comfortably within an average sized 
hand.  
 
 
 
 
 
 
 
 
 
 
If 40.0 N of force (from each side) is required to crack the shell of a hazelnut, 
estimate the minimum total force that must applied to the nutcracker by the 
hand. It can be assumed that the same force is exerted on each of the handle 
and that the force acting on the nut is perpendicular to the handle. State 
explicitly any estimations you make.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-1 mark if answer given to incorrect number of sig figs. 
 
 
 
 
 
 
 
 
 

τ = rF Στ = rF
length of hand = 7.5 cm (accept 7.0 to10 cm)
length of nutcracker = 2 × length of hand = 15 cm
nut = 5.0 cm from end (accept 3.0 to 6.0 cm)
Στ cw = (Fhand )(0.15)
Στ ccw = (40)(0.05)
(Fhand )(0.15) = (40)(0.05)
Fhand = 13 N
F = 2 ×13= 26 N

0.5 

1 

0.5 

1 

0.5 

0.5 

1 
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Question 4         (5 marks) 
 
The spectra below shows the Fraunhofer lines in the solar spectrum.  

 
(a) Name the type of spectrum above. 

(2 marks) 
 

• Line Absorption Spectra 
 
 
 
(b) Explain how this spectrum is formed making reference to its source 

(the sun).  
(3 marks) 

 
• The sun produces a continuous spectrum (white light). 
• Cold gaseous atoms surrounding the sun absorb photons of 

light equal to the difference between energy levels. 
• Leaving the other photons to pass through and black lines 

where the photons were absorbed.  
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Question 5             (3 marks) 
 
A microphone picks up a note played by an organ. The signal is displayed on 
an oscilloscope as shown in the diagram below.  
 
 
 
 
 
 
 
 
 
If the speed of sound in the chapel is 345 ms-1, determine the wavelength of 
the sound wave produced by the organ pipe.  
 
 
    
 
 
 
 
 
 
 
 
 
Question 6         (3 marks) 
 
A 160 cm long string has two adjacent resonances at 85.0 Hz and 102 Hz.  
 
(a) Calculate the fundamental frequency of the string.  

(1 mark) 
 102 – 85 = 17 Hz 
 
 1 mark for answer 
 
(b) Calculate the speed of the waves on the string.  

(2 marks) 
 
  
 
 
 
 
 
 
 
 

T = 4.00 ms

T = 1
f

v = fλ

345 = 1
4 ×10−3 λ

λ =1.38m

f = nv
2L

17 = (1)(v)
(2)(1.6)

v = 54.4 ms−1

1 

0.5 

0.5 
1 

1 

0.5 

0.5 
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Question 7         (4 marks) 
 
In the laboratory, one of the lines in the emission spectrum of sodium is 
emitted at a wavelength of 590.0 nm. In the light from a particular galaxy, 
however, this line is seen at a wavelength of 602.0 nm. State the name of this 
phenomenon and explain how it occurs making reference to the relative 
motion of the galaxy to an observer on Earth.  
 
 

• Redshift 
• The galaxy is moving away from the Earth 
• The space between the galaxies is increasing 
• The light stretches to fit the space and its wavelength increases.  
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Question 8         (7 marks) 
 
An airplane, travelling horizontally, releases a projectile at a height of 730 m 
and which lands 305 m away from the release point. Calculate, 
 
(a) The time for the projectile to reach the ground. 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) The initial speed of the projectile in kmh-1.  

(4 marks) 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

s = ut + 1
2
at 2

−730 = (0)(t)− 1
2
(9.8)(t 2 )

t = 12.2 s

s = tv
305 = (12.2)(v)
v = 25.0 ms−1

25.0 ms−1 = 90.0 kmh −1

1 

1 

1 

1 

1 

1 

1 
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Question 9         (5 marks) 
 
An aluminium ring is placed around the core of a powerful electromagnet. 
When the circuit is closed, the ring jumps up. Explain why the ring jumps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• When the circuit is closed, the current through the circuit is changing 
(increasing to its steady state value). 

• There is a magnetic field associated with the current, so as the current 
value changes, the magnetic field through the ring will also change. 

• Faraday’s law states that the emf induced in a conductor will be 
proportional to the rate of change of the magnetic field. 

• Lenz’s law states that the direction of the induced emf and hence 
induced current will be such as to oppose the change that induced it.  

• The direction of the magnetic field associated with the induced current 
in the ring will be opposite to that in the iron core and they will repel – 
the aluminium ring moves upwards.  
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Question 10         (4 marks) 
 
All hadrons are composed of different combinations of fundamental particles 
called quarks. 

 
Quark Charge Quark Charge 

Up +2/3 e Down -1/3 e 
Charm +2/3 e Strange -1/3 e 

Top +2/3 e Bottom -1/3 e 
 
In all reactions involving subatomic particles, charge must be conserved. 
Determine, showing appropriate working, if the equations below can take 
place by applying conservation of charge.  
 
(a) Ξ- (dss) →   n  + π0 (uu) 

(2 marks) 
 
1 mark (need to show charges on both sides) 
  (-1/3-1/3-1/3)  = -1 e     (-1/3-1/3+2/3) + (+2/3-2/3) = 0  
 
1 mark - charge is not conserved  
 
 
 
 
(b) Ξ- (dss) →  Λ0 (uds)    +    π- (du) 

(2 marks) 
 

1 mark (need to show charges on both sides) 
 

(-1/3-1/3-1/3) = -1e  (+2/3-1/3-1/3) + (-1/3-2/3) = -1e 
 
1 mark - charge is conserved.  
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Question 11         (5 marks) 
 
In 1993 the spacecraft Galileo sent home an image of asteroid 243 Ida and an 
orbiting tiny moon, the first confirmed example of an asteroid-moon system. 
The moon is now known as Dactyl. Ida and Dactyl are shown in the diagram 
below.  
 
 
 
 
 
 
 
 
Dactyl, the moon, is 1.50 km wide and 100 km from the centre of the asteroid, 
which is 55 km long. Assuming the orbit of the moon is circular with a period 
of 27.0 hours, calculate the mass of the asteroid.  
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mIda =
r2

rG
4π 2r2

T 2

⎛
⎝⎜

⎞
⎠⎟
= 4π

2r3

GT 2

= (4)(π 2 )(100 ×103)3

(6.67×10−11)(27× 60 × 60)2

= 6.26 ×1016 kg

Fg = G
m1m2

r2
Fc =

mv2

r
Fg = Fc

G m1m2

r2
= mv

2

r

v = s
t
= 2πr

T
1 

0.5 

1 

0.5 

0.5 

0.5 
1 
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Question 12                   (5 marks) 
 
A person in a spaceship holds a metre rule. The spaceship travels past the 
Earth, parallel to an observer on the Earth’s surface, at a very high speed. 
The person on the spaceship rotates the rule from being; 
 
1. parallel to the ship’s motion to  
 
2. perpendicular to the ship’s motion.  
 
Observations of the length of the rule are made by the observer on Earth and 
by the person on the spaceship. 
 
(a) For scenarios 1 and 2, state what will be seen by the observer on Earth.  

(2 marks) 
 

• 1 – the ruler will appear to be shorter than 1 m. 
• 2 – no change to the length of the ruler.  

 
 
 
 
 
 
 
 

(b) For scenarios 1 and 2, state what will be seen by the observer on the 
spaceship and explain your reasoning.  

(3 marks) 
•  1 and 2 – no change in the length of the ruler  
• the ruler is travelling with the observer so there is no relative motion 

between the ruler and observer. 
• The observer on the spaceship always measures the proper length of 

the ruler (i.e 1 m) 
 

 
 

 
 
 

 
 
 
 
 
 
 

End of Section One 
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Section Two: Problem-Solving 
 

This section has six (6) questions. Answer all questions. Write your answers 
in the space provided.  
 
Suggested working time for this section is 90 minutes. 
 
 
 
 
 
 
 
 
NAME:_______________________________________ 
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Question 1                    (16 marks) 
 
The diagram below shows a beam of protons projected between the poles of 
an electromagnet. The beam produces a bright spot on a specially treated 
screen. Assume effects due to gravity are negligible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) State the magnetic pole created at J when the switch is closed. 

 (1 mark) 
 
 

 North 
 
 
 

(b) Explain how closing the switch creates a magnetic field and the 
function of the iron core. 

(4 marks)  
 

• When the switch is closed current will flow through the wire.  
• Moving charged particles have magnetic field associated with them. 
• Iron is a ferromagnetic material and the magnetic moments of the 

atoms/domains in the iron core will align themselves with the direction 
of the magnetic field through the coil.  

• This will make the overall magnetic field stronger.  
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(c) State the direction the spot on the screen will move when the switch is 
closed. 

 (1 mark) 
 

• downwards 
  
 
 
(d) If a beam of electrons were used instead of the protons, one change 

that would be noted is that the spot wound be deflected in the opposite 
direction. State one other change to the position of the spot that would 
be observed. Explain your reasoning..  

 
         (4 marks) 

 
• Dot would move further 
• Electron has less mass than the proton 
• F = qvB = ma,  
• Force on the particle is the same, but it has less mass so the 

acceleration on it will be greater.  
 
 
 
The electrons have kinetic energy of 22.5 eV and the magnetic flux density 
between the poles of the electromagnet is 4.55 x 10-4 T.  
 
(e) Calculate the speed of the electrons.  

(3 marks) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EK = 1
2
mv2

(22.5)(1.6 ×10−19 ) = 1
2
(9.11×10−31)(v2 )

v = 2.81×106 ms−1 1 

1 

1 
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(f) Calculate the initial force acting on the electrons as they enter the 
region between the poles.  

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F = qvB
= (1.6 ×10−19 )(2.81×106 )(4.55 ×10−4 )
= 2.05 ×10−16 N up

1 

1 

0.5 
0.5 
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Question 2                    (16 marks) 
 
An amusement park ride is called the ‘Rotor’. It consists of a large hollow 
cylinder that is rotated rapidly around its central axis.  
 
Before the ride begins, the rider enters through a door on the side and stands 
on the floor against a rough, fabric-covered wall. The door is closed and the 
ride starts to rotate about its central vertical axis.  
 
At a pre-determined speed the floor drops away, but the rider does not. The 
rider remains at rest with respect to the wall, as shown in the diagram below – 
particularly note the upside down people to the left of the diagram.  
 
 
 
 
 
 
 
 
 
 
 
 
The radius of the cylinder on the Rotor is 3.00 m. 
 
(a) On the diagram below draw a free-body diagram showing the forces 

acting on the person when the ride is rotating. Label the forces 
appropriately.  

(3 marks) 
 

 
 
 
 
 
 
 
 
 
 
0.5 mark each arrow, 0.5 mark each label 
 
(b) Name the force that is providing the centripetal force on the riders in 

the Rotor.  
(1 mark) 

 
• The Normal Force 

 
 

FN 

mg 

Ff 
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The frictional force experienced by the riders is related to the normal force on 
the riders by; 
 

 
 
Where µs is a measure of the amount of friction between two surfaces.   
For the rough fabric used; µs  = 0.4 
 
(c) If the riders must remain at rest against the wall, show that the normal 

force must equal; 
(2 marks) 

 
 
 
  
  
 
 
 
 
 
 
 
 
(d) Calculate the minimum rotation speed of the Rotor if the riders are to 

remain at rest against the wall.  
(4 marks) 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FN = mg
µs

Ff = µsFN

ΣF = ma

ΣF = FN = mv
2

r
mg
µs

= mv
2

r
9.8
0.4

= v
2

3
v = 8.57 ms−1

ΣF = Ff −mg = 0
Ff = mg
mg = µsFN

FN = mg
µs

0.5 

0.5 

1 

1 

1 

1 

0.5 

0.5 
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(e) Calculate the period of revolution of the Rotor. 
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
(f) If the side of the cylinder were not covered in a rough fabric but instead 

there was just a smooth wall, for the riders to stay at rest relative to the 
wall, will the speed of the Rotor need to; (Circle your chosen answer) 

 
 (i) increase 
 
 (ii) decrease 
 
 (iii) stay the same 

     (1 mark) 
 
 

(g) Explain your reasoning for your selection in (f).  
   (3 marks) 

 
 

• The smooth wall will have a lower coefficient of friction than the fabric 
covered wall.   

• As mg will not change, the amount of friction will not change and so FN 
will increase.  

• As the ride increases in speed, the value of the Normal force will 
increase.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

s = tv

T = 2πr
v

= (2)(π )(3)
8.57

= 2.20 s 1 

0.5 

0.5 
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Question 3                 (13 marks) 
 
A power station produces power at 2500 kW and steps it up (using an ideal 
transformer) to 8.50 kV to be distributed across power lines to houses.  
 
An ideal transformer on a power pole (connected to the power lines from the 
power station) then supplies power to a house at 240 V.  
 
(a) State the type of transformer used to provide power to the house from 

the power lines and determine the turns ratio of the transformer. It can 
be assumed that there is no power loss in the lines. 

(3 marks) 
 

• Step Down 
 
 

 
 
 
 
 
 
 
 
 
Real power lines will always have a resistance to the flow of current. The 
power lines above are 20.0 km in length (total) and have a resistance of            
0.0300 Ωkm-1 
 
(b) Calculate the voltage drop across the power lines.  

(3 marks) 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

P =VI
2500 ×103 = (8500)(I )
I = 294 A

Vdrop = IR
= (20)(0.03)(294)
=176V

NS

NP

= VS
VP

240
8500

= VS
VP

35.4 :1 1 

0.5 

1 

0.5 

1 

0.5 0.5 

1 
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(c) Calculate the useable voltage at the house. 
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
(d) If the average rate of energy consumption in the house is 7.80 kW, 

calculate the current in the secondary coil of the transformer. 
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
(e) Explain why power is transmitted at very high voltages. 

(3 marks)  
 
 

• P=VI, when the voltage is increased the current through the powerlines 
is decreased.  

• P=I2R, when the current is decreased the power lost to resistive 
heating is decreased.  

• Vdrop = IR, the voltage drop across the lines is decreased, so there is 
more voltage to be transformed at the final end.  

 
 
 
 
 
 
 
 
 
 
 

NS

NP

= VS
VP

1
35.4

= VS
8323.6

VS = 235V

8500 −176.4
= 8323.6V

P =VI
7.8 ×103 = (235)(I )
I = 33.2 A

0.5 

1 

0.5 

0.5 

0.5 

1 
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Question 4                 (15 marks) 
 
An energy level diagram is shown for an atom below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) An atom with an electron in the n=4 state can only undergo transitions 

in which the atom emits photons. The electron eventually ends in the 
ground state. Use arrows on the diagram above to show the transitions 
that produce all possible energies of photons in decay from this level.  

 (2 marks) 
-0.5 marks for each error or omission 
 
 
(b) Calculate the longest wavelength of photon that the atom can emit 

during the transitions identified in (a). 
(3 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
-1 mark if incorrect transition used 
 
 
 
 
 
 
 

longestwavelength = lowestenergy
n = 4→ n = 3

E = hc
λ

(−0.19 − (−0.75))(1.6 ×10−19 ) = (6.63×10
−34 )(3×108 )
λ

λ = 2.22 ×10−6 m

1 

1 

1 



Physics Stage 3 Trial Examination 2014 Page 25 

(c) What is the ionisation energy of the atom (for electrons in the ground 
state)? 

(1 mark) 
 
 12.0 eV 
 
 
 
 
(d) Photons of energy 11.0 eV and 14.0 eV are incident on the atom. For 

each of these incident photons describe the outcome for the atom.  
(4 marks) 

 
 

11.0 eV photon –  
 

• there is no difference in energy levels that is equal to 11.0 eV, 
• so the photon will not be absorbed/atom will not be excited 

 
14.0 eV photon 
 

• 14.0 > ionisation energy of atom, so atom will be ionised 
• electron will leave with 2eV of kinetic energy. 
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The emergency exit signs above doorways, as shown below, are often 
painted with a phosphorescent paint, so they will remain visible even if there 
is a power failure.  
 
 

 
 
 
 

(e) Explain, with the aid of a suitable diagram, how the phenomenon of 
phosphorescence works and enables the sign to remain illuminated.    

(5 marks) 
 

• Atoms absorb high energy, ultraviolet photons during the daytime.  
• This excites the atoms to high levels which then decay via cascade 

decay in smaller steps to the ground state  
• The energy difference between energy levels will be smaller (due to the 

cascade decay) and the emitted photons will have less energy and 
therefore longer wavelengths and will more likely be in the visible part 
of the spectrum. 

• The sign remains illuminated because the excited states are 
metastable – they stay excited for a longer period of time.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
1 mark – labelled diagram 

 
 
 
 
 
 
 
 
 
 
 

Ground State 
Absorption of the 
UV /high energy 
photon 

Cascade Decay 
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Question 5                 (16 marks) 
 
Interference effects are commonly observed in thin films, such as a thin layer 
of oil on water or in soap bubbles, as shown in the diagrams below. The 
colours that are observed from white light are from the interference of waves 
reflected from the opposite surfaces of the film.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To determine whether the reflected rays interfere constructively or 
destructively a number of conditions need to be considered.  
 
1. A wave travelling in a medium of low refractive index undergoes a 180° 

phase change upon reflection from a medium of higher refractive index.  
 
2. There is no phase change in the reflected wave if it reflects from a 

medium of lower refractive index. 
 
3. The wavelength of light in a medium whose refractive index is n (the 

index of refraction of a substance is the ratio of the speed of light in 
air/vacuum to the speed of light in the substance) is λn is given by; 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

λn =
λ
n
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A film of oil of thickness ‘t’ and refractive index n is surrounded by air as 
shown below. The incident ray of light undergoes both reflection and 
refraction at the boundaries between the oil and the air.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Based on the conditions given on the previous page, what will be the 

phase change for ray 1 and for ray 2? 
(2 marks) 

  
 Ray 1: 180° 
 
 Ray 2:  0° 
 
 
 
(b) If the passage of ray 2 through the film is neglected, what type of 

interference would occur between ray 1 and ray 2 at surface A? 
(1 mark) 

 
 destructive interference 
 
 
 
The passage of ray 2 through the film must be considered, however, as 
otherwise no interference patterns could occur. If it can be assumed that the 
ray strikes perpendicular to the surface of the film – i.e there is no bending of 
the light rays as they pass though surface A or B, 
 
(c) What distance (in terms of t) would ray 2 travel extra to ray 1? 

(1 mark) 
 
 2t 
 
 
 
 
 
 

Film 

Air 
 

Air 

1 2 

A 

B 
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(d) For constructive interference to occur between ray 1 and ray 2, what 
must λn be equal to in terms of t? 

(2 marks) 
 
  
 
 
 
 
 
 
 
 
Soap bubble film with n = 1.26 is produced in the air. The soap bubble film is 
illuminated with orange light of wavelength 600 nm.  
 
(e)  Calculate the minimum thickness of a soap bubble film that will result in 

constructive interference in the reflected light. 
(2 marks) 

 
 
 
 
 
 
 
 
(f) Calculate the next thickness of soap bubble film that will also produce 

constructive interference. 
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
(g) Calculate the minimum thickness (>0 m) of soap bubble film that will 

produce destructive interference. 
(2 marks) 

 
 
 
 
 
 

needs to travel an extra λ
2

2t = λn

2
λn = 4t

λn =
λ
n
= 4t

t = 600 ×10
−9

(1.26)(4)
= 1.19 ×10−7m

2t = 3λn
2

λn =
λ
n
= 4
3
t

t = (600 ×10
−9 )(3)

(1.26)(4)
= 3.57×10−7m

2t = λn

λn =
λ
n
= 2t

t = (600 ×10
−9 )

(1.26)(2)
= 2.38 ×10−7m

0.5 

1 

0.5 

1 1 

1 0.5 

0.5 

1 

0.5 

0.5 
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(h) Explain why the coloured interference patterns as seen on Page 27 are 
observed when white light is shone on thin film of oil or soap.  

(4 marks) 
 
 

• White light is made up of light of different wavelengths. 
• These different wavelengths will have different refracted wavelengths 
• The different wavelengths (colours) will each need to travel different 

distances to reflect back in phase.  
• Therefore when some colours of light undergo constructive interference 

others will undergo destructive interference, leading to different colours 
along the surface.  
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Question 6                 (14 marks) 
 
A rectangular coil is rotating anticlockwise at constant speed with its axle at 
right angles to a uniform magnetic field. The diagram below shows an end-on 
view of the coil at a particular instant.  
 
 

 
 
 
 
 
 
 
 
 
 
 
At the instant shown in the diagram, the angle between the normal to the 
plane of the coil and the direction of the magnetic field is 30°. 
 
 
 

 
(a) State the minimum angle through which the coil must rotate from its 

position in the diagram for the emf induced in the coil to reach its 
maximum value.  

(1 mark) 
 

 60 
 
 
 
(b) Calculate the minimum angle through which the coil must rotate from 

its position in the diagram for the magnetic flux through the coil to 
reach its maximum value.  

(1 mark) 
 

 60 + 90 = 150 
 
 
 
 
 
 
 
 
 
 
 

WMP/Jun13/PHYA4/2

 5        A rectangular coil is rotating anticlockwise at constant angular speed with its axle at
right angles to a uniform magnetic field.  Figure 3 shows an end-on view of the coil at
a particular instant.

Figure 3

 5  (a) At the instant shown in Figure 3, the angle between the normal to the plane of the coil
and the direction of the magnetic field is 30º.

 5  (a) (i) State the minimum angle, in degrees, through which the coil must rotate from its
position in Figure 3 for the emf to reach its maximum value. 

angle ................................. degrees
(1 mark)

 5  (a) (ii) Calculate the minimum angle, in radians, through which the coil must rotate from its
position in Figure 3 for the flux linkage to reach its maximum value. 

angle ................................. radians
(2 marks)

 5  (b) Figure 4 shows how, starting in a different position, the flux linkage through the coil
varies with time.

 5  (b) (i) What physical quantity is represented by the gradient of the graph shown in Figure 4?  

..............................................................................................................................................
(1 mark)

 5  (b) (ii) Calculate the number of revolutions per minute made by the coil. 

revolutions per minute ..............................................
(2 marks)

10

(10)

Do not write
outside the

box

30°

rotation
axle

uniform
magnetic
field

coil
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The graph below shows how, starting in a different position, the magnetic flux 
through the coil varies with time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) What physical quantity is represented by the gradient of the graph? 

(1 mark) 
 
 induced emf 
 
 
 
 
(d) Calculate the number of revolutions per minute made by the coil.  

(2 marks) 
 
 

  
 
 
 
 
 
 
 
 
 
(e) Using the graph, calculate the peak value of the emf generated. 

(3 marks) 
 
 
 
 
 
 
 
 
 

WMP/Jun13/PHYA4/2

Do not write
outside the

box

Figure 4

Figure 5

 5  (b) (iii) Calculate the peak value of the emf generated.

peak emf  ......................................... V
(3 marks)

 5  (c) Sketch a graph on the axes shown in Figure 5 above to show how the induced emf
varies with time over the time interval shown in Figure 4.

(2 marks)

11

Turn over !

(11)

– 0. 5

0. 5

0

flux
linkage /
Wb turns

20 40 60 80 time / ms

0

induced
emf / V

20 40 60 80 time / ms

Magnetic flux (Wb) 

Time (ms) 

T = 40 ×10−3 s
60

40 ×10−3 = 1500 rev / min

peak ε when rate of change of f lux is greatest i.e. greatest gradient

gradient = rise
run

= (0.2 − 0)
(32 − 30)×10−3

=100V

(accept 88−100V )

1 

0.5 

0.5 

1 

1 

1 
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(f) Sketch a graph on the axes shown below to show how the induced emf 
varies with time over the time interval shown in the first graph. 

(3 marks) 
	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
1 mark – 40 ms period 
1 mark – starts at origin (can move up or down) 
1 mark – peak value from (e) 
-1 mark – DC not AC 
 
The coil has 550 turns and a cross-sectional area of 4.00 ×10-3 m2. 
 
(g) Using any information required from the graphs, calculate the magnetic 

flux density of the uniform magnetic field.  
(3 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

maxΦ = 0.55V
Φ = BA
0.55 = (B)(4.00 ×10−3)
B = 137 T 1 

1 

1 
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End of Section Two 

 
 
 
 
 
 
 
 
 
 

YEAR 12  
PHYSICS STAGE 3 

TRIAL EXAMINATION 2014 
 
 
 

Section Three: Comprehension 
 

This section has two (2) questions. Answer all questions. Write your answers 
in the space provided.  
 
Suggested working time for this section is 40 minutes. 
 
 
 
 
 
 
 
 
 
NAME:_______________________________________ 
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Question 1                 (19 marks) 
 
The Bohr model of the atom was successful in describing the spectra of 
atomic hydrogen and hydrogen-like ions. One of the basic assumptions of the 
model was that the electron could only exist in discrete orbits. If circular orbits 
are assumed then the energies of the levels for hydrogen can be calculated 
(in electron-volts) using the formula; 
 
       -� 
 
 
 
where Z is the atomic number of the atom (i.e. the number of protons in the 
nucleus). 
 
Atoms are filled from their inner shell outwards i.e n=1 is filled with electrons 
first then n=2, n=3 etc. This will mean there can be significant changes in the 
number of electrons that are found in the outer shell of atoms with consecutive 
values of Z. It is these outermost electrons that take place in optical 
transitions – i.e. those that produce emission spectra. It is observed that the 
spectra that occur in the optical range undergo abrupt changes in the 
frequencies and wavelengths of the emission lines from element to element.  
 
In X-ray spectra (the characteristic lines), however, the frequencies and 
wavelengths of the lines vary smoothly from element to element. This is 
because the binding energies (the amount of energy required to bind the 
electron to the atom) of the innermost electrons does not vary as much as it 
does for the outermost electrons as the value of Z increases.  
 
X-rays are emitted when a metal target is bombarded by high-energy 
electrons. The X-ray spectrum consists of a broad continuous band and a 
series of sharp lines (characteristic lines) that are dependent on the type of 
material used for the target. A typical X-ray spectrum is shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

En = −13.6 Z
2

n2
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(a) Explain, with the aid of a diagram, how the characteristic peaks in the 

X-ray spectrum are formed. 
(5 marks) 

 
• Inner shell electrons are knocked out by the accelerated electrons  
• Leaving the atom in a highly excited state 
• Electrons in higher shells drop down to fill the gaps and photons are 

emitted.  
• The wavelengths of these photons are proportional to the energies 

between the levels and produce peaks (rather than a continuous 
background).  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Knocked Out 
Electron  

High energy 
electron knocks 
out inner shell 
electron 

Electron falls down 
to fill in the ‘hole’  
and an X-ray 
photon is emitted.  
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(b) Explain why the frequencies and wavelengths of the characteristic 
peaks of the X-ray spectrum are less likely to change abruptly unlike 
than those of the optical spectrum. 

(2 marks) 
 

• The formation of the characteristic peaks involves transitions of the 
inner electrons. 

• The changes in binding energy between the electron and the 
nucleus for the inner electrons is not as great as for the outer 
electrons and hence the characteristics of the photons emitted do 
not change as abruptly.  
 

The presence of the characteristic lines was discovered in 1908 but their 
origin remained unexplained until the details of atomic structure were 
developed.  
 
In 1914, Henry G.J. Moseley took the basic energy relationship (equation �) 
and found a relationship between the Z value of an atom and the wavelength 

of its Kα line. In doing this he showed there was a correlation between the 
nuclear charge of an atom and its ordering in the periodic table of the 
elements. He also used this information to show that there were gaps in the 
periodic table at Z = 43, 61, 72 and 73 – elements for which have since been 
discovered. Moseley’s contributions were brought to a halt by his service in 
World War I, from which he did not return.  
 
(c) Rewrite equation �, ignoring the negative sign, to show that the 

relationship between Z and wavelength is given by; 
 
    
  
 

As the Kα line is being used, n =1.  
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

hc
λ

= 3.69Z

E = 13.6Z
2

n2

E = hc
λ

hc
λ

= 13.6 Z 2

hc
λ

= 13.6Z

hc
λ

= 3.69Z

0.5 

0.5 

0.5 

0.5 
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(d) If a graph of ‘ _____’ vs Z is to yield a straight line, what should be 
plotted against Z? 

(1 mark) 
 
 
  
 
 
(e) Process the data in the table below to allow you to plot the graph from 

(d). 
(2 marks)  

 
 

Z 
 

 
λ (nm) 

 
    (m-1/2) x 104 

 
20 

 

 
0.3366 

 
5.451 

 
21 

 

 
0.3038 

 
5.737 

 
22 

 

 
0.2755 

 
6.025 

 
30 

 

 
0.1445 

 
8.319 

 
35 

 

 
0.1051 

 
9.754 

 
42 

 

 
0.07227 

 
11.76 

 
-0.5 marks for each error/omission including sf, units and values up to 1 mark 
for each of sf and values.  
 
(f) Plot the graph from (d) 

(5 marks) 
 
 
 
(g) Calculate the gradient of the graph, show your working below.  

(3 marks) 
 
 
 
 
 
 

1
λ

1
λ

gradient = rise
run

= (11− 4)×10
4

39.5 −15

= 2.86 ×103m
−1
2
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(h) Use the gradient of your graph to determine the wavelength of the Kα 

line for Technetium, Z = 43. 
(2 marks) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
λ

= gradient × Z

2.86 ×103 × 43 =122980 = 1
λ

λ = 6.61×10−11 m
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Question 2                 (14 marks) 
 
Why do we swing our arms when we walk? 
 
The basic process of walking has been understood for some time. At each 
step, we vault over the standing leg, our bodies moving like an inverted 
pendulum with the stationary foot as the pivot. The stationary foot is the one 
that is undergoing heel strike, as shown in the diagram below. The blue foot is 
the stationary foot and the red leg is swinging through.  
 
 
 
 
 
 
 
 
 
 
 
 
The amount of energy input required to move is minimised because there is a 
continual interconversion of kinetic and gravitational potential energy; we slow 
down as the body rises at the middle of each step and then speed up again as 
the body falls towards the end of the step. A small amount of energy is lost 
through sound and heat when we put each foot down on the ground, but 
basically we carry on moving more or less continuously, requiring only a small 
push-off from our feet to keep going.  
 
When the foot strikes the ground, the ground exerts an equal in magnitude but 
opposite in direction reaction force on the foot.  
 
(a) In the diagram below draw in the direction of the force on the foot for 

each of the three positions – heel strike, flat foot and toe strike.  
(3 marks) 
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When walking, humans tend to swing their arms, a movement which plays no 
obvious role in the bipedal (two-legged) gait. The muscles exert some amount 
of effort to swing the arms but it is unclear whether potential benefits 
elsewhere in the body during walking would justify such energy costs.  
 
A research group in 2009 developed an experiment to examine the costs and 
benefits of arm swinging. The experiment consisted of two sections, the first 
used a dynamic walking model and the second, human trials.   
 
In the study different types of arm swinging were compared with normal arm 
motion, as described and shown in the diagram below. 
 
 
 
 
 
  
 
 
 
Normal Arm Motion 
Also referred to as Normal. In normal arm motion, the opposite arm to the 
forward foot is swung to the front. 
 
Anti-Normal Motion 
In anti-normal motion, the same arm as the forward foot is swung to the front.  
 
Bound 
The arms are bound against the body using a bandage. The arms are not free 
to move. 
 
Held 
The arms are held by the walker against their side. The onus is on the walker 
to prevent their arms from moving.  
 
1. The Dynamic Walking Model 
 
The passive dynamic model, as shown in the diagram below, consisted of two 
curved feet, two straight legs, a pelvis and two free-swinging arms. Mass 
properties of the limbs were based on human measurements with each arm 
comprising 4% of body weight, each leg 16% of body weight and the 
pelvis/trunk 60% of body weight.  
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The dynamic walking model was powered by descending a gentle slope. The 
stance foot rolled along the ground which, because it was sloped, provided 
the model with a small amount of energy (from gravitational potential energy) 
during the single-support phase of each step, which balanced the energy that 
was dissipated in the collision during each step-to-step phase.  
 
(b) Explain why it was necessary for the dynamic model to move down a 

slope if it were to be able to continue walking.  
(2 marks) 

 
• Because there is no energy input from the model 
• Need to increase its energy due to conversion from gravitational 

potential energy to ‘replace’ dissipated energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The ground reaction moment was measured for the dynamic walking model 
for three different modes of walking; normal, anti-normal and bound. The 
ground reaction moment is the torque on the body, due to the push of the foot 
off the ground. A certain amount of torque is required to swing the body 
forward, but this does not all need to be provided by the ground reaction 
moment.  
 
(c) Describe the relationship between the magnitude of the force applied 

on the foot and the ground reaction moment.  
(1 mark) 

 
• The greater the magnitude of force, the greater the ground reaction 

moment.  
 
 
 
 (d) Why wouldn’t it be advantageous for the human body if there is a large 

force on the foot? 
(1 mark) 

 
• Increased wear and tear on joints 
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The graph below shows the peak ground reaction moment for the dynamic 
walking model in the three different modes 
 
 
 
 
 
 
 
 
 
 
 

 
 

(e) Which mode of arm swing provides the greatest benefit for walking? 
(1 mark) 

 
• Normal 

 
 

(f) Give a reason for why this mode would provide the greatest benefit for 
walking. 

(2 marks) 
 

• The normal arm swing would also produce a torque 
• Reducing the amount of ground reaction moment required.  
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2. Human Trials 
 
The results for the four modes of walking in human trials are shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(g) Using the bar graph, calculate the percentage difference between the 

moments in the normal and anti-normal mode. 
(2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
(h) Explain why the held trial may have a slightly smaller ground reaction 

moment than the bound trial.  
(2 marks) 

 
• The held trial individuals may have been more likely to twist their 

shoulders  
• increasing the torque due to arm swing (and hence decreasing ground 

reaction moment). 
 
 
 
 
 
 
 
 
 

End of Section Three 


