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Mass per unit length (μ) of the string.

Length L of the string between the vibration generator and the pulley.
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The ratio 1.41 is equal to √2, so Figure 2 is consistent with doubling m:

it does show the expected result.

Peak-to-peak = 7.4 div, so Vpeak = 3.7 div × 5 V div-1 = 18.5 V

Vrms = Vpeak / √2 = 18.5 / √2 = 13.08 V

13.1

One cycle = 5.27 div;  T = 5.27 × 20 ms div-1 = 105.4 ms

105

m = 200 g: one cycle = 3.73 div, T200 = 3.73 × 20 = 74.6 ms

f100 = 1 / 0.1054 = 9.49 Hz      f200 = 1 / 0.0746 = 13.4 Hz

Expected: f = (1/2L)√(mg/μ), so f ∝ √m

Doubling m should multiply f by √2 = 1.41 (and divide T by √2)

Ratio from Figure 2: T100 / T200 = 105.4 / 74.6 = 1.41

(f200 / f100 = 13.4 / 9.49 = 1.41)
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Timing 20 oscillations spreads the stop-start (reaction time) error over

20 periods, so it reduces the percentage uncertainty in T (reduces the

effect of random error).

To check for anomalies in 20T (e.g. miscounting cycles), so that any

anomalous reading can be identified and rejected.

mean 20T = (19.22 + 18.91 + 19.36 + 19.04 + 19.45) / 5

= 95.98 / 5 = 19.196 s ≈ 19.20 s,  so T = 0.960 s

uncertainty in 20T = half the range = (19.45 − 18.91) / 2 = 0.27 s

(uncertainty in T = 0.0135 s)

% uncertainty = 0.27 / 19.196 × 100 = 1.41 %

1.4
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ΔR2 = 12 kΩ

ΔT = 0.655 s

intercept 0.645 s
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T = 2C ln2 × R2 + R1 C ln2, so a graph of T against R2 is a straight line

with gradient = 2C ln2 and intercept = R1 C ln2

gradient = ΔT / ΔR2 = (1.30 − 0.645) / (12 × 103)

= 0.655 / 12 000 = 5.46 × 10-5 s Ω-1

C = gradient / (2 ln2) = 5.46 × 10-5 / (2 × 0.693)

= 3.94 × 10-5 F

intercept (R2 = 0): T = 0.645 s = R1 C ln2

R1 = 0.645 / (3.94 × 10-5 × 0.693)

= 2.36 × 104 Ω

3.9 × 10-5

2.4 × 104
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From Figure 4: T = 0.70 s when R2 = 1.0 kΩ and T = 1.25 s when R2

= 11 kΩ.

So R2 must vary continuously from a minimum of 1 kΩ to a maximum

of 11 kΩ (a range of 10 kΩ).

Use one fixed 1 kΩ resistor in series with one 10 kΩ variable resistor.

1 kΩ (fixed) 0 to 10 kΩ variable

R2
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(320 K, 3.20 Ω)
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From Figure 6: R = 3.20 Ω when T = 320 K

α = (R − R0) / (R0(T − T0))

= (3.20 − 2.83) / (2.83 × (320 − 291))

= 0.37 / (2.83 × 29) = 0.37 / 82.07

= 4.51 × 10-3 K-1

4.51 × 10-3 K-1
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Power P = V × I: multiply the voltmeter reading V by the ammeter

reading I.

Find R = V / I, then use T = (R − R0) / (αR0) + T0 with R0 =

2.83 Ω, T0 = 291 K and α from 03.1.
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4.8

log (T / K)

2.982 0.079

3.041 0.301

3.137 0.681

3.225 1.041

log (P1 / W)

P1 = kTn, so log P1 = n log T + log k

Graph of log P1 against log T is a straight line of gradient n

gradient = Δ(log P1) / Δ(log T) = (1.016 − 0.064) / (3.220 − 2.980)

= 0.952 / 0.240 = 3.97

n is an integer, so n = 4

4
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Δ(log T) = 3.220 − 2.980 = 0.240

Δ(log P1)
= 1.016 − 0.064
= 0.952

gradient = 0.952 / 0.240 = 3.97
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Reading at Q = 24.70 + 0.03 = 24.73 mm

PQ = 24.73 − 9.26 = 15.47 mm

There are 13 turns of wire between P and Q

t = 15.47 / 13 = 1.19 mm  (≈ 1.2 mm)

Diameter to the centre of the wire = 18.0 + 1.19 = 19.19 mm

Circumference of one turn = π × 19.19 = 60.29 mm

Length = 13 turns × 60.29 mm = 783.7 mm

784
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The top of the test tube passes level with B when it is moving fastest

(maximum kinetic energy), so the transit time past the mark is least

and the instant it passes is judged most precisely.

B
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Add more oil to the beaker (increase the depth) so the test tube can

be pushed down further, giving a larger initial displacement / amplitude.

This gives the system more initial energy, so more oscillations occur

before they die away.

Use a wider beaker (larger diameter), filled with oil to at least the

same depth, so the walls are further from the test tube.

This reduces the drag (fluid resistance) on the tube, so less energy is

lost per cycle; T is unchanged.

T ∝ 1/√ρ, so T2ρ is constant: Toil
2 ρoil = Tmilk

2 ρmilk

ρmilk = ρoil × Toil
2 / Tmilk

2 = 849 × 0.5872 / 0.5342

= 292.5 / 0.2852 = 1026 kg m-3

1.03 × 103
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