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The sound now travels 2 × 1.74 = 3.48 m, so the contact time is

doubled: from 300 µs to 600 µs (6.0 × 10-4 s).

The waveform would be twice as long: double the number of cycles

(about 20 instead of 10) is produced, which would need 12 divisions at

50 µs div-1.

The screen is only 10 divisions wide, so the waveform would extend

beyond the screen and could not be fully displayed or measured.

So the time-base control must be adjusted to 0.1 ms div-1; the

waveform then covers 6 divisions and fits on the screen.

Contact time = 6.0 divisions × 50 µs div-1 = 300 µs = 3.0 × 10-4 s

Distance travelled = there and back = 2 × 0.870 = 1.74 m

speed = distance ÷ time = 1.74 ÷ 3.0 × 10-4
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Place a (plane) mirror behind the ruler, next to the scale, so that the

pin is reflected in it.

Move my eye (head) up or down until the pin hides / lines up exactly

with its own reflection (image) in the mirror, then my line of sight is

horizontal and perpendicular to the ruler, so read the scale at the pin.

plane mirror
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Keep the mass constant: use the 50 g hanger and all four 50 g slotted

masses so m = 250 g (0.250 kg) throughout. The width w and

thickness t are also constant as only one strip is used, so the only

independent variable is the length L.

Measure the width w with vernier callipers and the thickness t with a

micrometer (screw gauge), taking readings at several places along the

strip and finding the mean.

Clamp the strip between the blocks with the G-clamp. Measure L, the

distance from the blocks to the free end of the unloaded strip, with a

metre ruler. Record the reading of the pin on the vertical ruler with no

load (using the mirror to avoid parallax).

Hang the 250 g mass on the free end and record the new pin reading.

The vertical displacement y (the dependent variable) is the difference

between the loaded and unloaded readings.
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Remove the mass, slide the strip through the clamp to change L,

re-tighten, and repeat for at least 6 values of L between about 10 cm

and 25 cm (the strip is only 30 cm long). Repeat each reading and

take a mean y.

Analysis: since y = 4mgL3 ÷ Ewt3, plot a graph of y (on the y-axis)

against L3 (on the x-axis). This should be a straight line through the

origin.

The gradient = 4mg ÷ Ewt3, so E = 4mg ÷ (w t3 × gradient) = (4 ×

0.250 × 9.81) ÷ (w t3 × gradient), using the measured w and t in

metres.
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The callipers may squash (deform) the soft putty when closed on it, so

the reading of the diameter would be reduced (too small).

mean d = (34.5 + 34.2 + 32.9 + 33.4 + 34.0) ÷ 5 = 33.80 mm

uncertainty in d = half range = ½ × (34.5 − 32.9) = 0.80 mm

% uncertainty = 0.80 ÷ 33.80 × 100 = 2.37 %  ≈ 2.4 %
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% uncertainty in L = 2 ÷ 71 × 100 = 2.82 %

V = πd2L ÷ 4, so % uncertainty in V = 2 × 2.37 + 2.82 = 7.56 %

V = π × 33.82 × 71 ÷ 4 = 6.37 × 104 mm3

ΔV = 0.0756 × 6.37 × 104 = 4.8 × 103 mm3

4.8 × 103
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Ruled line of best fit through origin (Figure 8): gradient = ΔR ÷ ΔL2

gradient = (32.4 − 0) ÷ ((50 − 0) × 10-3) = 648 Ω m-2

R = ρL2 ÷ 5.83 × 10-5, so gradient = ρ ÷ 5.83 × 10-5

ρ = 648 × 5.83 × 10-5 = 3.78 × 10-2 Ω m

3.78 × 10-2 Ω m
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ΔR = 32.4 Ω

ΔL2 = 50 × 10-3 m2

(50, 32.4)
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If y ∝ 1/M, then M × y would be constant.

M = 0.5 kg, y = 89.0 mm:  My = 0.5 × 89.0 = 44.5 kg mm

M = 3.0 kg, y = 62.5 mm:  My = 3.0 × 62.5 = 187.5 kg mm

44.5 and 187.5 are very different, so My is not constant and y is not

inversely proportional to M. (Also, when M doubles from 1.0 to 2.0 kg,

y only falls from 82 mm to 71 mm; it does not halve to 41 mm.)
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M = −0.70 kg

y = 112 mm
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As P moves down, the trapped air expands, so its pressure is reduced to

below atmospheric pressure.

This pressure difference across P × area of P gives an upwards force

that balances the weight of P, so P is in equilibrium.

When the valve is opened, air enters, the external and internal pressures

equalise, and P falls.
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Upright, the weight of P (0.350 kg) adds to the load M on the air.

Inverted, the weight of P acts in the opposite direction (pulls P out),

so this is equivalent to M = 0 − 2 × 0.350 = −0.70 kg on Figure 10.

Smooth curve through all six points extrapolated back to M = −0.70 kg

gives y = 112 mm

112
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The student has read the scale at the top of the meniscus (the top of

the coloured oil) instead of at the bottom (lowest point) of the

meniscus.

35.8
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The gradient is −1.03 ≈ −1, so V ∝ 1/p (V is inversely proportional to p)

and pV is constant: the air obeys Boyle's law.

gradient = Δlog V ÷ Δlog p = (1.273 − 1.582) ÷ (−0.700 − (−1.000))

= −0.309 ÷ 0.300 = −1.03

Boyle's law: pV = k, so log V = −log p + log k; compare with y = mx + c

so log V against log p should be a straight line of gradient −1.

Δlog p = 0.300

Δlog V = −0.309
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The temperature of the air must not change.

Change the pressure slowly, and wait after each change until the oil

level stabilises before taking the reading, so the air returns to room

temperature.

p = 3.4 × 105 Pa = 0.34 MPa, so log(p/MPa) = log 0.34 = −0.469

Read from line in Figure 13: at log p = −0.600, log V = 1.170

Gradient = −1.03, so log V = 1.170 + (−1.03) × (−0.469 − (−0.600))

log V = 1.170 − 1.03 × 0.131 = 1.170 − 0.135 = 1.035

V = 101.035 = 10.8 cm3

10.8
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