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A car of mass 𝑚 drives over a circular 

hump-back bridge of radius 𝑟 with a 

constant speed 𝑣. 

A satellite of mass 𝑚 orbits with an orbital 

radius of 𝑟 and orbital velocity 𝑣 around 

Earth with a mass 𝑀. 
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Experiment A is where three different 

frequencies of light were used. 

Experiment B is where three different 

intensities of the same frequency of light were 

used. 

Experiment A is where three different 

intensities of the same frequency of light were 

used. 

Experiment B is where three different 

frequencies of light were used. 

Experiment A is where three different 

intensities of the same frequency of light were 

used. 

Experiment B is where three different metals 

were used. 

Experiment A is where three different 

frequencies of light were used. 

Experiment B is where three different metals 

were used. 
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𝑚 𝑀
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A car of mass 𝑚 drives over a circular 

hump-back bridge of radius 𝑟 with a 

constant speed 𝑣. 

A satellite of mass 𝑚 orbits with an orbital 

radius of 𝑟 and orbital velocity 𝑣 around 

Earth with a mass 𝑀. 
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Experiment A is where three different 

frequencies of light were used. 

Experiment B is where three different 

intensities of the same frequency of light were 

used. 

Experiment A is where three different 

intensities of the same frequency of light were 

used. 

Experiment B is where three different 

frequencies of light were used. 

Experiment A is where three different 

intensities of the same frequency of light were 

used. 

Experiment B is where three different metals 

were used. 

Experiment A is where three different 

frequencies of light were used. 

Experiment B is where three different metals 

were used. 
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𝜇

 

▪

▪

▪

▪

Common misinterpretations of the question 
▪

▪

Common mistakes 
▪

▪

 
Better responses would 
▪

▪

For reference: Full calculations including radioactive decay. 

 Without special relativity 
(Earth frame of reference) 

With special relativity 
(Earth frame of reference) 

Life-time/ Half-life, 𝑡1/2 2.2×10-6s 1.11×10-5s 

Time to ground  
(10km at 0.98c) 

3.4×10-5s 3.4×10-5s 

Number of life-times 15.5 3.1 

Decay constant, 𝜆 3.15×105s-1 6.27×104s-1 

The fraction of muons that reach the ground is 
𝑁

𝑁0
= 𝑒−𝜆𝑡 where 𝜆 =

ln2

𝑡1/2
 

Note: life-time is used here instead of half-life because some classes may not have covered it yet.  
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𝐸 = ℎ𝑓

𝛷
𝐾𝑚𝑎𝑥

ℎ𝑓 =  𝛷 + 𝐾 𝐾 = ℎ𝑓 −  𝛷

𝐸 = ℎ𝑓 =
ℎ𝑐

𝜆
> Φ

𝜆 <
ℎ𝑐

Φ
𝜆𝑚𝑎𝑥 =

ℎ𝑐

Φ

𝐾 =
ℎ𝑐

𝜆
−  𝛷

𝜆𝑚𝑎𝑥 𝐾 = 0
 
Common mistakes 
▪

▪ 𝑚𝑣 =
ℎ

𝜆

Φ =
ℎ𝑐

𝜆
− 𝐾
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𝑐

 

𝑝𝑣 =
𝑚0𝑣

ට1−
𝑣2

𝑐2

𝑣 → 𝑐 𝑝𝑣 → ∞ 𝐼 = ∆𝑝 = 𝑝𝑓 − 𝑝𝑖 = 𝑝𝑣

𝑝𝑖 = 0

𝐹 =
∆𝑝

∆𝑡

▪ 𝐼 = ∆𝑝 = 𝐹𝑡

▪ 𝑊 = 𝐹𝑠
𝐸2 = (𝑝𝑐)2 +

(𝑚0𝑐2)2 𝑣 → 𝑐

▪

▪

→

Note:  
▪ 𝑣 = 𝑐

▪

▪ 𝑦 = 𝑒𝑥 𝑥

𝑣 → 𝑐
▪ 𝐾 ≠  ½𝑚𝑣2 𝑣 ≪ 𝑐



Sydney Grammar School  Form VI Physics 2022 Trial Examination 

 Page 19  

𝑣 𝑐

 

 

 

 

 

Observer A 

Observer B 

𝑣=0.9𝑐 

2.3 m 

Laser Light 
Beam Laser  

Mirror 
at front 
of train  



Sydney Grammar School  Form VI Physics 2022 Trial Examination 

 Page 20  



 Page 21  

 

▪ 

▪ 

 

 

 NOT TO SCALE 
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•

•

•

•

 
Accepted observation / experimental evidence: 

- Diffraction 
- Interference 
- Polarisation 
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𝐼𝑚𝑎𝑥

 

𝐼𝑚𝑎𝑥

•

•

•

 

Better responses would 
Use equations to support their argument. 
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• The stator of an AC induction motor is usually made of 3 pairs of electromagnets, as shown 
below, each opposite pairs being connected to a phase of a three-phase current generator. 
This setup allows for the creation of a rotating magnetic field within the cavity of the stator, 
where the rotor is then placed. 

 
• The rotor consists of several metallic bars connected at the ends by 2 metallic plates, as shown 

above. 

• The rotating B field within the stator creates a change in B flux through the metallic bars of the 

rotor. By Faraday’s Law, an emf is induced in the bars (𝜀 = −
∆∅𝐵

∆𝑡
). As the rotor in a closed 

conductor, induced eddy currents flow in the bars and through the connective end plates. 

• By Lenz’s Law, these eddy currents will flow in a direction such that the B field they create will 
oppose the change in B flux that induced them in the first place. 

• The eddy currents in the bars are in the external B field of the stator and therefore, each of 
them will experience a force due to the Motor Effect (F = BILsin θ). 

• Currents in opposite bars of the rotor flow in opposite direction so the force acting on them 
will be equal in magnitude but in opposite direction, creating a torque on the rotor. 

• This torque makes the rotor turn in the SAME direction as that of the rotation of the B field in 
the stator, as a consequence of Lenz’s Law, forcing the rotor to try and catch up with the 
rotating B field to minimise / counter the change in B flux experienced by the rotor. 

  

•

•

•

•

•

 

Better responses would 
- Use diagrams to support their description of the structure of an AC induction motor. 
- Make logical links between steps very apparent, using connective words such as “thus”, “therefore”, 

“because of that”, “as a consequence”, etc… 
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•
•
•

•
•
•

•

•

•
•

  
 Sample Answer: 
 Experiment 1 

The trolley rolls towards the magnet at a constant speed. 
By Faraday’s Law, a voltage is induced across the coil (due to the change influx as it approaches the magnet). 
Because the switch is open, no current can flow and so no forces can act between the coil and the magnet. 

 
Experiment 2 
As with Experiment 1, a voltage is induced. 
This time, a current can flow in the coil. By Lenz’s Law, this flows to produce a magnetic field that acts to oppose the 
change in flux, i.e. to place a north pole on the right hand end of the solenoid. The trolley experiences a force to the 
left, which acts to slow it down. 
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Satellites of Planet Calculon  

A

B

C

D

Satellite 𝒓𝟑 (m3) 𝑻𝟐 (s2) 𝒓 (m) 𝑻 (s) 

A 1.9  1020 2.3  108 5.7  106 1.5  104 

B 2.7  1020 3.4  108 6.5  106 1.8  104 

C 4.9  1020 6.1  108 7.9  106 2.5  104 

D 7.8  1020 9.6  108 9.2  106 3.1  104 
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