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Section A
	Question
	Correct answer
	Comments

	1
	C
	Only C correctly shows field lines running from N to S.

	2
	B
	The field is non-uniform and directed outwards from the centre, indicating that it has to be an electric field.

	3
	A
	

	4
	A
	Only transverse waves can be polarised.

	5
	B
	
If  is to increase, then  must decrease.

	6
	C
	




	7
	C
	The split ring commutator reverses the direction of the current every half turn to produce the DC output. Note DC refers only to direction of current flow and not magnitude.

	8
	D
	

	9
	A
	



	10
	C
	





	11
	D
	A hypothesis is a possible explanation that needs to be tested by experimental evidence.

	12
	A
	The amplitude is the maximum deflection from the base line.

	13
	B
	When the wave is travelling through the block its speed decreases. This causes the wavelength to decrease while the frequency remains the same.

	14
	D
	2.5 wavelengths in the 5.0 m string results in a wavelength of 2.0 m.

	15
	B
	

	16
	C
	



	17
	C
	An incandescent globe produces a continuous spectrum of visible light. An infra-red heat lamp will also produce a continuous spectrum but will not include the higher frequencies of visible light.

	18
	A
	If 300 nm is just able to release photoelectrons then increasing the wavelength will not produce any photoelectrons.

	19
	D
	1.9 eV
1.0 eV
1.6 eV
8.5 eV



	20
	B
	






Section B
Question 1


5q2 = 2.04 × 10-36
q = 6.39 × 10-19 C
Question 2
Ariel is correct.
The energy required to cross the gap is:


The particle only has 2.8 x 10-5 J so it will not reach the positively charged plate before it returns to the negative plate.
Question 3
Tube A.
The force between two conductors carrying currents in the opposite direction is repulsive. Tube B cannot move downwards due to the pegs but tube A can move upwards.
Question 4
Outcome 3.




Since T is independent of v and both m and q are constant, both electrons will take the same time.
Question 5




Question 6a.


The acceleration is towards the centre of Earth.
Question 6b.
Area under graph (from 500 km to 1400 km) is:

Area = 4.05 × 109 J 
This could be done by counting squares but be careful to account for the fact that the y-axis does not go to zero.
Question 7a.
Anticlockwise
Question 7b.



Question 8a.
 s


Question 8b.


Question 8c.
	Suggested change
	emf 
(increases, decreases or no effect)

	Reduce the resistance of resistor R
	no effect

	Increase the strength of the permanent magnets
	increases

	Reduce the period of rotation of the coil to 60 m s 
	increases

	Increase the number of turns of the rotating coil
	increases


Question 9a.



Question 9b.
I in lines = I at hall 









Question 9c.
1. Use transmission lines of lower resistance.
2. Use a step-up transformer at the generator end and a step-down transformer at the community hall end.
Question 10a.
Positive charge will flow towards E.
Question 10b.

Because the loop is travelling at constant speed, rate of change of area is constant, thus emf generated is constant.
Question 10c.





Question 11a.
[image: ]
Question 11b.



Question 11c.
Tension increases (at all points) as speed increases.
Fc constant at top and bottom.
Since  and , TB > TA (due to gravity).
Thus, the string is more likely to break at B.
Question 12a.


Question 12b.


Question 12c.




Question 12d.
One possible reason is air resistance.
Question 13a.



Question 13b.


	Position
	h (m)
	Eg (J)
	(m)
	Es (J)

	P
	2.0
	40.0
	0
	0

	
	1.5
	30.0
	0.5
	2.5

	Q
	1.0
	20 
	1.0
	10.0

	
	0.5
	10.0
	1.5
	22.5 

	R
	0
	0
	2.0
	40.0 



No working was required for the values of 20 and 22.5.
Question 13c.
[image: ]
Question 13d.
Kinetic energy at middle point is 10 J (Total Energy – (Eg + Es ))



Question 13e.
The graphs plotted do not include the kinetic energy of the oscillating mass. 
If the kinetic energy (Ek) of the oscillating mass had been included, Es+ Eg + Ek would have added up to a constant value.
Question 14a.
3 × 108 m s−1 or c
The measured speed of light is the same for the spaceship and earth observer.
Question 14b.





Question 15a.


Question 15b.
Volume depends on path difference between Nialle’s location and the speakers.
[bookmark: _Hlk145683831]If the path difference is a whole multiple of the wavelength () then constructive interference will occur and the volume will be loud. If the path difference is a whole multiple of ( then destructive interference will occur and the volume will be quiet.
Question 15c.
Since a standing wave is formed, the distance between nodes = /2 = 0.900 m.


Question 16
The reason why there is a difference in the sound is due to diffraction through the door opening. Longer wavelengths that approach the width of the door diffract more than shorter wavelengths, and so, the shorter wavelengths will sound softer relative to the longer wavelengths.
Question 17a.



Question 17b.
Ray strikes interface at 59to normal (geometry) and this is the critical angle.



Question 18a.
Band 3 is a point of destructive interference because the path difference of the light rays from the two slits is 3/2.
Question 18b.


Question 18c.
As RI increases, speed, and therefore wavelength, decrease.






Question 19a.



Question 19b.
Sam’s idea is unlikely to produce more photoelectrons. It has already been stated that the threshold frequency is in the ultraviolet range. Red light has a lower frequency than ultraviolet light so no photoelectrons are expected to be released regardless of the brightness.
Question 20a.


Question 20b.
Electrons have wave-like properties.
Diffraction is a property of waves.
Salt crystals have a spacing that produces diffraction patterns with a beam of electrons.
Question 21.
Electrons have wave properties (λ = h/p).
In stable energy levels, the electrons will form standing waves in orbit around the nucleus such that 2πr = nλ.
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END OF SECTION A
TURN OVER



Question 18
Light of wavelength 300 nm is just able to cause the photoelectric emission of electrons from a lead surface. 
If light of twice this wavelength were incident on a lead surface
A. no photoelectric emission would occur. 
B. half as many electrons would be ejected per second.
C. the same number of electrons would be ejected per second, with twice the energy. 
D. the same number of electrons would be ejected per second, with more energy but not necessarily twice 



as much energy.



Question 19 
Some of the energy levels for an unknown atom are shown in the diagram below, with one of the lines 
labelled x eV. These energy levels are not drawn to scale.



10.4 eV



 9.5 eV



x eV



6.9 eV



5.1 eV



0 eV



A part of the emission spectrum of the atom shows lines at 1.0 eV, 1.6 eV and 1.9 eV.
The value of x is closest to
A. 7.7
B. 7.9
C. 8.0
D. 8.5



Question 20 
A pion and its antiparticle, each at rest, annihilate and produce only two photons with a total energy of  
4.5 × 10−11 J. The masses of the pion and its antiparticle are the same.
The rest mass of the pion is closest to
A. 1.3 × 10−28 kg
B. 2.5 × 10−28 kg
C. 5.0 × 10−28 kg
D. 7.5 × 10−20 kg
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