[image: image2.jpg]





Chapter 20
Condensed Matter
	
	
	Answer
	Extra information
	Mark

	1
	a
	Drift velocity is average speed of electrons around circuit.

Much slower than actual instantaneous speeds  between collisions with the lattice.
	1 mark

1 mark
	2

	
	b
	I = nAqv   

v = I /nAq 

=5.0 / πx(1 x 10-3)2 x 9.0 x 1028 x 1.6 x 10-19m s-1
= 1.1×10-4 m s-1 
	1 mark method

1 correct intermediate working

1 mark answer
	3

	Total marks
	5

	2
	a i
	Electrons and holes
	
	1

	
	a ii
	Electrons
	
	1

	
	a iii
	Holes
	
	1

	
	b i
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(Higher temperature –intrinsic region, electrons excited from valence to conduction band. Exponential change.

Lower temperature remaining carriers scattered by lattice.)
	1 mark exponential rise

1 mark lower temp. rise
	2

	
	b ii
	Intrinsic region similar but resistivity lower at low temperatures as electrons excited into conduction band (ii) or out of valence band (iii). a ii will be n=type and a iii p-type 
	1 mark each
	2

	Total marks
	7

	3
	a i
	Conductivity   = L /AR  
R- 1.5 / 1.8 x 10-3 = 833 Ω
Conductivity =(5.00× 10-3 )/(1.00×10-6×833) S m-1
=6.0 S m-1
	1 mark working

1 mark answer
	2

	
	a ii
	  v = I /nAq 

= 1.8 x 10-3 / (4.5 x 1022×2 x 10-3 x 1 x 10-3 x 1.6×10-19)

   = 0.125 ms-1 
	1 mark working

1 mark answer
	2

	
	b i
	At higher temperatures more electrons are excited into the conduction band, so the number of charge carriers increases
	1 mark not previously all excited

1 mark exciting
	2

	
	b ii
	Drift velocity increases due to increase collisions with lattice (but effect largely hidden when carrier concentration increasing)
	1 mark increase

1 mark reason
	2

	                 Total marks
	8


	4
	a
	Magnetic field makes electrons drift to one side.

This sets up an electric field, hence a potential difference, across the sample.  
	1 mark electron drift 

1 mark consequence
	2

	
	b
	VH = Bvd   VH = BI/nte

n = BI/VHte

 =(300×10-3×35×10-3×)

            /(4.5×10-3×5×10-3×1.6×10-19) m-3
= 2.3 x 1021 m-3
	1 mark method

1 correct intermediate working

1 mark answer
	3

	Total marks
	5

	5
	
	VH= BId/ten

n~1028 m-3 metal

n~1020 m-3 semiconductor

So can see from relationship need much 
smaller t for metal to produce same current 
although offset significantly by fact that can 
have larger current in metal.

To get a measurable Hall Voltage for a metal, 
need to make t as small as possible.
	1 mark each for number estimates

1 mark for consequence explained
	3

	Total marks
	3

	6
	a
	Spontaneous :Electrons drop of own accord from higher to lower level emitting photons
Stimulated : Electrons drop to a lower energy level when perturbed by a photon of energy equal to the energy gap.  (The two photons have the same frequency, phase, polarization and direction of travel) 
	1 mark each
	2

	
	b
	For the laser to emit light, there must be more photons emitted than absorbed, so it is necessary to have more electrons in the upper, excited, state than in the ground state.  This is known as a population inversion.
	1 mark more transitions needed downwards

1 mark for indicating further explanation 
	2

	Total marks
	4

	7
	a i
	Regions of different magnetization arising from regions (domains) of different magnetic alignment 
	1 mark alignment variation

1 mark domains
	2

	
	a ii
	In hard ferromagnet the domains are more resistant to being pulled into alignment with the applied magnetic field.
	
	1

	
	b
	Magnetic saturation is when domains have all been aligned with each other and pulled into the precise direction of the applied magnetic field (away from any preferred lattice direction).
	1 domain alignment

1 mark final alignment
	2

	
	c i
	x magnetising current

y magnetization
	1 mark

1 mark
	2

	
	c ii
	Area is the energy lost due to hysteresis as the magnetising current is cycled.  

Will go into heating of core.
	1 mark

1 amrk
	2

	                    Total marks
	9


	8
	a
	Young modulus Y = stress/strain

Strain = stress/Y =(30/4.0 a 10-6)/(70×109)

   = 1.07×10-4 
	1 mark working

1 mark answer
	2

	
	b
	Total Charge on face

=1.07×10-4×30×4.0×10-6) C

=1.28×10-8 C
	1 mark working

1 mark answer
	2

	
	c
	C =(8.85×10-12×68×4×10-6)/(1.0×10-3) F

  = 2×6.67×10-11 F

  - 2.40×10-12 F

V = Q/C
=(1.28×10-8)/(2.40×10-12) V

=5.3 kV
	1 mark working

1 mark answer

1 mark working

1 mark answer
	4

	
	d
	For 1.5 mm spark need 0.15×30 kV = 4.5 kV
Therefore the block can produce a large enough voltage.
	1 mark working

1 mark answer
	2

	                     Total marks
	10

	Total for test paper
	60
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