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The ray inside the block travels along a radius (a normal), so it meets

the curved glass to air boundary at 90°: the angle of incidence is zero.
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angle of incidence i = 66°  (incident ray reads 66° from the normal)
angle of refraction r = 38°  (ruled line through A, B, C)

n = sin i / sin r  (Snell's law, n of air = 1)

n = sin 66° / sin 38° = 0.9135 / 0.6157

n = 1.48

1.48
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n = (20.02 − 5.74) / (20.02 − 10.31) = 14.28 / 9.71

1.47

0.04 + 0.04

0.08

% uncertainty in (R2 − R0) = (0.08 / 14.28) × 100 = 0.56%

% uncertainty in (R2 − R1) = (0.08 / 9.71) × 100 = 0.82%

% uncertainty in n = 0.56 + 0.82 = 1.38%

1.4

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


To limit the (maximum) current in the circuit when the variable resistor

is set to zero, so the cell is not short-circuited.

This prevents the cell overheating / being damaged; otherwise the cell

would discharge very quickly.
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Line through the bottom of the 2nd error bar and the top of the 9th error bar.

Points read from my line: (0.75, 0.558) and (1.05, 0.272)

Gmin = ΔV / ΔI = (0.272 − 0.558) / (1.05 − 0.75) = −0.286 / 0.30

Gmin = −0.95 V A-1, so magnitude = 0.95

0.95 V A-1
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gradient = −r, so r = −(mean gradient)

mean gradient = (−0.95 + (−1.3)) / 2 = −1.125 V A-1

r = 1.125 Ω ≈ 1.1 Ω

1.1

ε = V + Ir

ε = 0.37 + (0.94 × 1.125)

ε = 0.37 + 1.06 = 1.43 V

1.4
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Horizontal components balance (camera stationary):

TB cos 12° = TA cos 35°

TB × 0.978 = 430 × 0.819

TB = 352.2 / 0.978 = 360 N

360
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Tension in A decreases. As the camera moves right, the angle of A to

the horizontal decreases (below 35°) and the angle of B increases

(above 12°).

Horizontal: TA cos θA = TB cos θB, so TB/TA = cos θA / cos θB. cos θA

increases and cos θB decreases, so TB/TA increases.

The sum of the vertical components still equals the weight, but the

vertical component of A becomes smaller as its angle decreases, so more

of the weight is supported by B and TA decreases.

E = FL / (AΔL)   so   ΔL = FL / (EA)

ΔL = (430 × 150) / (210 × 109 × 7.0 × 10-6)

ΔL = 64 500 / 1.47 × 106 = 0.0439 m

4.4 × 10-2
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A greater pulse transmission rate is possible when the pulses are shorter

in time, i.e. when there is less pulse broadening (less modal dispersion).

A smaller core diameter means a smaller range of path lengths (fewer

reflections), so there is less modal dispersion.

So fibre X (8 μm core) allows the greater rate, because its narrower

core gives lower modal dispersion and reduced pulse broadening, so

pulses can be sent closer together without overlapping.
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The atoms gain energy from the beta particle: the atoms are excited,

with electrons moved up to higher energy levels.

The excited atoms then de-excite: the electrons move down to lower

energy levels and the atom loses energy by emitting photons of light.

E = hc / λ

E = (6.63 × 10-34 × 3.00 × 108) / (630 × 10-9)

E = 3.16 × 10-19 J

3.2 × 10-19
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Four identical resistors share 3.0 kV, so the pd between

photocathode and first electrode = 3000 / 4 = 750 V

Ek = W = QV = 1.60 × 10-19 × 750

Ek = 1.2 × 10-16 J

1.2 × 10-16
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Charge flow = area under the current to time graph.

1 small square = 2 mA × 1 ns = 2 × 10-3 × 1 × 10-9 = 2 × 10-12 C

(1 large square = 10 mA × 5 ns = 5 × 10-11 C)

Counting squares under the curve: about 160 small squares

(about 6.4 large squares)

Total charge Q = 160 × 2 × 10-12 = 3.2 × 10-10 C

Number of electrons = Q / e = 3.2 × 10-10 / 1.60 × 10-19

= 2.0 × 109

2.0 × 109
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