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error bar total length in 2s = 0.16 m, so 2s ± 0.08 m

so s ± 0.04 m

± 0.04

Lines drawn on Figure 2.

Gmax: through bottom of first bar and top of fifth bar

Gmax = (2.82 − 1.31) ÷ (0.285 − 0.145)

= 1.51 ÷ 0.140 = 10.8 m s-2

Gmin: through top of first bar and bottom of sixth bar

Gmin = (2.70 − 1.47) ÷ (0.285 − 0.145)

= 1.23 ÷ 0.140 = 8.8 m s-2

10.8

8.8
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2s = gt2, so gradient of 2s against t2 = g

g = (Gmax + Gmin) ÷ 2

= (10.8 + 8.8) ÷ 2 = 9.8 m s-2

9.8

Δg = (Gmax − Gmin) ÷ 2 = (10.8 − 8.8) ÷ 2 = 1.0 m s-2

% uncertainty = (Δg ÷ g) × 100 = (1.0 ÷ 9.8) × 100

= 10 %

10
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Systematic error.

The line (all the points) is displaced to the right, so the line moves

down: the vertical intercept is decreased and is now negative.
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x = (reading at Q) − (reading at P) = 87.9 cm

0.879
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Use a micrometer screw gauge (or digital vernier callipers) to measure d.

Repeat the measurement of d at several different points along the wire,

and in different orientations (rotating the micrometer around the wire

at each point).

Discard any anomalous readings, then calculate the mean of the

repeated measurements to give d.

R4 = R2R3 ÷ R1 = (3.9 × 103 × 75) ÷ (2.2 × 106) = 0.133 Ω

R4 ÷ x = 0.133 ÷ 0.879 = 0.151 Ω m-1

0.15
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Increase R3 by a factor of 30, from 75 Ω to 2.3 kΩ (2250 Ω).

A = πd2 ÷ 4 = π × (0.38 × 10-3)2 ÷ 4 = 1.13 × 10-7 m2

ρ = RA ÷ L = (R ÷ L) × A = 0.151 × 1.13 × 10-7

= 1.7 × 10-8 Ω m

1.7 × 10-8

R ÷ L = ρ ÷ A, so for the same R ÷ L, A must be 30 × larger

d ∝ √A, so d = 0.38 × √30

= 2.08 mm

2.1
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Microwaves are transverse waves but sound waves are longitudinal, so

microwaves can be polarised but sound cannot.

Microwaves can travel through a vacuum (they are EM waves), but

sound needs a medium. Microwaves also have a much higher frequency.

Energy stored = VIt = 5.0 × 2.0 × (2.6 × 3600) = 93 600 J

Average power = E ÷ t = 93 600 ÷ (12 × 3600)

= 2.17 W

2.2
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The sources must have a fixed (constant) phase difference.

The sources must have the same frequency.
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A is 0.90 m above C, M is 1.24 m above O

Vertical distance A to M = 1.24 − 0.90 = 0.34 m

Vertical distance B to M = 1.24 + 0.90 = 2.14 m

AM = √(8.002 + 0.342) = 8.007 m

BM = √(8.002 + 2.142) = 8.281 m

Path difference = BM − AM = 8.281 − 8.007 = 0.274 m

≈ 0.27 m, which is approximately 0.3 m

First minimum: path difference = λ ÷ 2

λ = 2 × 0.274 = 0.548 m

f = c ÷ λ = 340 ÷ 0.548 = 620 Hz

620
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Component of weight along the rail = mg sin 30°

a = F ÷ m = g sin 30° = 9.81 × sin 30°

= 4.9 m s-2 ≈ 5 m s-2
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v2 = u2 + 2as = 0 + 2 × 4.9 × 0.30

v2 = 2.94 m2 s-2

v = √2.94 = 1.7 m s-1

1.7
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Impulse = area under F against t graph from B (0.35 s) to C (0.80 s)

triangle: 0.5 × 0.05 × 1100 = 27.5
trapezium: 0.5 × (1100 + 1300) × 0.10 = 120
trapezium: 0.5 × (1300 + 1000) × 0.15 = 172.5
triangle: 0.5 × 0.15 × 1000 = 75

total = 27.5 + 120 + 172.5 + 75 = 395 N s

395
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From C (0.80 s) to D (1.42 s): time = 0.62 s

Motion up and down the rail is symmetrical, so time to

reach the highest point = 0.62 ÷ 2 = 0.31 s

Distance up the rail: s = ½at2 = 0.5 × 4.9 × 0.312 = 0.235 m

(speed at C: u = at = 4.9 × 0.31 = 1.5 m s-1)

Total distance up and back down = 2 × 0.235

= 0.47 m

0.47

At rest (E onwards) force on platform = 360 N

This equals the component of weight along the rail:

360 = mg sin 30°, so m = 360 ÷ (9.81 × 0.5) = 360 ÷ 4.91

m = 73 kg

73
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