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Section A – Core
Area of study 1 – Electric Power

	Question
	
	Answer
	Short Solution


	1
	
	A
	Right hand palm rule.


	2
	
	3.0N
	F = I l B = 1.5 x 0.20 x 10


	3
	
	
	Increase current
Increase magnetic field strength

Increase length of wire inside the magnetic field.


	4
	
	48 V AC
	Vp / Vs = Np / Ns
· 2000 / 20000 = Np / 480

· Np = 480 ( 2000/20000) = 48


	5
	
	0 V DC
	Refer to Q6 solution.


	6
	
	
	Transformers work only if there is a change in magnetic flux. Direct current does not alternate thus there are no changes in flux.


	7
	
	1.68N
	F = nILB = 40 x 0.7 x 0.1 x 0.6 = 1.68N


	8
	
	
	Torque is the ability to turn. Since the forces acting on the coil are pulling the coil apart, there is no turning force. Thus no torque.


	9
	
	
	The coil will remain still as there is no turning force acting on the coil.


	10
	
	
	A split ring commutator. A split ring commutator is needed to reverse the current every ½ turn so the armature maintains a smooth rotation.


	11
Question
	
	0.12s
Answer
	EMFav = ΔΦ / t = NBA / t
· t = NBA / EMFav = ( 40 x 0.60 x 0.10 x 0.15 ) / 12 = 0.03s ( ¼ turn)

· Time for full revolution = 4 x 0.03 = 0.12sec
Short Solution


	12
	
	
	Double rate ( Period halved and voltage doubled.
Double strength of magnetic field ( Voltage doubled again.



	13
	
	20A
	Is / Ip = Vp / Vs
( Is = Ip x ( Vp / Vs ) = 60 x ( 500 / 1500 ) = 20A


	14
	
	1440V
	Vp1 / Vs1 = Vp2 / Vs2
( Vp2 = Vs2 x ( Vp1 / Vs2 ) = 480 x ( 1500 / 500 ) = 1440V


	15
	
	3Ω
	Voltage drop = 1500 – 1440 = 60V
V = IR

( R = V / I = 60 / 20 = 3Ω


Area of study 2 – Interactions of light and matter

	Question
	
	Answer
	Short Solution


	1
	
	Bright
	The central maximum occurs at point X because the path difference of AX and BX is zero thus the two waves are constructively interfering causing a bright band of light.


	2
	
	1.72 x 10-6m
	Pd = [ ( 2n + 1 ) λ ] / 2 = [ ( 2*3 + 1 ) (490 x 10-9 ) ] / 2 = 1.715 x 10-6m

	
	
	
	

	3
	
	
	The series of bright and dark fringes on the screen indicate constructive and destructive interference of waves is occurring.


	4
	
	2.04eV
	E = hf = hc / λ = [ ( 4.14 x 10-15 ) x ( 3.0 x 108 ) ] / ( 610 x 10-9 ) = 2.0361eV


	5
	
	
	Work function – The energy required to remove an electron from its state of being bound to an atom; measured in joules or electron volts.


	6
	
	1.90eV
	Ek(max) = hf - W = hc / λ - W
( W = hc / λ – Ek(max) = 2.0361 – 0.14 = 1.8961eV


	7
	
	B
	

	8
	
	
	There are 3 whole wavelengths in the standing wave pattern. The ground state has one wave length, the first excited state has two wavelengths and the third excited state has 3 wavelengths.

	9
	
	253nm
	Energy released = 10.4 – 5.5 = 4.9eV
E = hc / λ

( λ = hc / E = [ ( 4.14 x 10-15 ) * ( 3.0 x 108 ) ] / 4.9 = 2.53469 x 10-7 = 253nm


	10
Question
	
	A C D
Answer
	n = 3 to n = 2 is 5.5 – 3.7 = 1.8eV
n = 2 to n = 1 is 10.4 – 5.5 = 4.9eV

n = 3 to n = 1 is 10.4 – 3.7 = 6.7eV
Short Solution 


	11
	
	C
	Extent of diffraction is directly proportional to the width of the gap and inversely proportional to the wavelength. The same crystal lattice is being used for both x-rays and electrons therefore the wavelengths of x-rays and electrons must have the same of very close wavelengths.



Section B – Detailed Studies
Detailed Study 1 – Synchrotron and its applications

	Question
	
	Answer
	Short Solution


	1
	
	1.33x10-7ms-1
	eV = ½ mv2 
( v = sqrt [ ( 2eV ) / m ] = sqrt [ ( 2 * 500 * 1.6x10-19 ) / ( 9.1x10-31 ) ]
( v = 1.3259871x107ms-1


	2
	
	2.29x10-2m
	r = ( mv  ) / ( qB ) 
( r = [ ( 9.1x10-31 ) * ( 1.3259871x107 ) ] / [ ( 1.6x10-19 ) * ( 3.3x10-3 ) ]

( r = 2.285318676x10-2m


	3
	
	
	Collimated photons are photons that travel in the exact same direction. Meaning there is no divergence.


	4
	
	3.59x10-10m
	2dsinθ = nλ
( d = (nλ ) / ( 2sinθ )

( d = ( 131x10-12 ) / ( 2 sin10.5º ) = 3.59424979x10-10m


	Question
	
	Answer
	Electron linac – accelerates the electrons to near speed of light before they are injected either into the circular booster ring or the storage ring; it does this in a straight line.
Circular booster – increases the energy of the electrons by as much as a factor of 30.
Storage ring – where the synchrotron radiation is extracted.

Beamlines – radiation from the electrons and travels down the beamlines where radiation is used for experiments or other purposes.
Short Solution


	6
	
	1.1x10-11m
	p = h / λ

( λ = h / p = ( 6.63x10-31 ) / (5.9x10-23 ) = 1.12372881x10-11m


	7
	
	5.1x10-23kgms-1
	( 1.1x10-22 ) – ( 5.9x10-23 ) = 5.1x10-23kgms-1


	8
	
	D
	

	9
	
	
	The beam of x-rays of different wavelengths is directed into a crystal. Each wavelength is diffracted at a different angle. Selection of a wavelength requires a narrow aperture at a certain angle.


	10
	
	1.06x104V
	eV = ½ mv2

( V = ( ½ mv2 ) / e = [ ½ * 9.11x10-31 *  ( 6.1x10​-7 ) ] / ( 1.6x10-19 ) ]

( 1.059322188x104 V


Detailed Study 2 – Photonics

	Question
1
	
	Answer
	Short Solution

[image: image1]


	
	
	
	

	2
	
	
	The fibre has to have a higher optical index than the cladding in order for total internal reflection to occur – the light must meet a boundary going from a more dense (higher index) to a lower density (lower index) medium.


	3
	
	66.67º
	n1sinθ1 = n2sinθ2
( sinθc = 1.46 / 1.59
( θc = 66.66997763º



	4
Question


	
	Answer
	Increases mechanical strength of the fibre.
Protects the surface of the fibre from debris and scratches which interfere with the transmission of light.

Allows the angle of incidence inside the fibre to be larger thus allowing the fibre to be bent further.

Short Solution


	5
	
	
	Monochromatic light is light of a single wavelength. If light of varying wavelengths enter the fibre, the different wavelengths of light will be diffracted by different amounts and thus material dispersion will occur.


	6
	
	2.28eV
	E = hc / λ = [ ( 4.14x10-15 ) * ( 3.0x108 ) ] / ( 545x10-9 ) = 2.278899083eV


	7
	
	
	The LED could be coated with a material that releases a broad spectrum of light when excited by green light thus giving off white light.


	8
	
	
	Rayleigh scattering is the scattering of photons when they encounter minor irregularities within the glass. Rayleigh scattering is greater for shorter wavelengths.


	9
	
	
	Rayleigh scattering accounts for most of the attenuation.  The minor causes would be absorption of light from impurities within the glass. 


	10
	
	B
	


Detailed Study 3 – Sound

	Question
	
	Answer
	Short Solution


	1
	
	
	Transverse waves are waves which particles vibrate at right angles to the direction of travel of the wave.
Longitudinal waves are waves in which the vibrations occur in the same direction as the propagation of the wave.


	2
	
	8.1x10-3Wm-2
	I1R12 = I2R​12
( 1.3x10-3 ) R12  = I2 [ ( 2/5 )R1 ] 2 
( ( 1.3x10-3 ) = ( 4/25 ) I2
( I2 = 8.125x10-3Wm-2



	3
	
	500Hz
	v = fλ
( f = v / λ = 340 / 0.68 = 500Hz


	4

Question
	
	0.17m
Answer
	f1 = v / 4L
( L = v / 4f1 = 340 / ( 4 * 500 ) = 0.17m
Short Solution


	5
	
	B
	

	6
	
	
	Human voice is generally less than 1000Hz so the microphone is capable of recording for telecommunication purposes. However this microphone will perform poorly if sounds above 1000Hz need to be recorded such as music in a recording studio.


	7
	
	D
	

	8
	
	
	When a speaker produces a compression or rarefaction at the front, the opposite is produced at the back of the speaker. These waves can superimpose and cause interference. Thus a baffle is to minimise this interference.
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