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Directly below the bob at the equilibrium position, because the bob

moves fastest here, so its transit time past the mark is least (the

timing is most precise).

fiducial mark
(directly below bob at rest)
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Place a metre rule (horizontal scale) on the floor under the pendulum.

Put a set square on the rule with one edge vertical, touching the

left-hand edge of the bob at rest, and read the scale; the vertical edge

removes parallax error.

Repeat with the set square touching the left-hand edge of the displaced

bob just before release.

AR = difference between the two readings; using the same edge of the

bob each time allows for the bob's radius.

AR

set square

metre rule
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2.322 s

2.356 s
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From the extrapolated curve on Figure 3:

at AR = 0.35 m, T = 2.322 s;   at AR = 0.70 m, T = 2.356 s

% increase = (2.356 − 2.322) / 2.322 × 100

= 0.034 / 2.322 × 100 = 1.46 %

1.46
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0.247 m is anomalous, so it is rejected.

mean = (0.217 + 0.225 + 0.223 + 0.218 + 0.224) / 5 = 0.2214 m

uncertainty = half range = (0.225 − 0.217) / 2 = 0.004 m

% uncertainty = 0.004 / 0.2214 × 100 = 1.81 %

0.2214
1.81

−1.492
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−1.70

−1.66

−1.62

−1.58

−1.54

−1.50

−1.46

−1.42
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Taking natural logs of An = A0δ−n: ln An = −n ln δ + ln A0

This has the form y = mx + c, so the graph of ln(An/m) against n is

a straight line with gradient = −ln δ (and intercept ln A0).

Find the gradient of the best-fit line using a large triangle;

then δ = e−gradient.
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Random error
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The same load produces a larger deflection s (the thinner

beam bends more),

so the percentage uncertainty in each value of s is reduced.

The thinner beam may go past its elastic limit and

undergo plastic deformation (be permanently deformed),

so the graph of s against m would become non-linear (a curve).
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25.5
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E = 1.14 GPa = 1.14 × 109 Pa  (≈ 109 Pa)

From Figure 8: when m = 0.25 kg, s = 25.5 mm = 25.5 × 10−3 m

s = ηm / E   so   η = Es / m

η = (1.14 × 109 × 25.5 × 10−3) / 0.25

= 1.16 × 108 s−2

108
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−1.521

−0.097

stemup.co.uk

https://stemup.co.uk


s and L are related by a power law: s = kLn (s ∝ Ln), where k and n

are constants; the gradient is about 3, so s ∝ L3.

L = 80 cm = 0.80 m,  log10(L / m) = log10 0.80 = −0.097

From Figure 9: log10(s / m) = −1.521

s = 10−1.521 = 0.0301 m

3.0 × 10−2

Gradient of Figure 8 = 25.5 × 10−3 m / 0.25 kg = 0.102 m kg−1

M = s / gradient = 0.0301 / 0.102 = 0.295 kg

0.295
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A

V
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Set Q to its maximum resistance, connect the circuit and record the

ammeter reading I and the voltmeter reading V (the terminal pd).

Adjust (vary) the resistance of the variable resistor Q to change the

current, and record V and I each time, giving at least 6 sets of readings

over as wide a range of current as possible.

Repeat the set of readings and calculate mean values of V for each I.

Disconnect the circuit between readings so the supply does not heat up

and r stays constant.

Since V = ε − Ir, plot a graph of V (vertical axis) against I (horizontal

axis) and draw a straight line of best fit.

ε = the intercept on the V (vertical) axis.

r = −gradient of the line (the gradient is −r).
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(2.2, 0.10)

(13.2, 0.90)

4.2

22/n = ε/I − r   so   1/n = (ε/22)(1/I) − r/22,  gradient = ε/22

gradient = Δ(1/n) / Δ(1/I) = (0.90 − 0.10) / (13.2 − 2.2)

= 0.80 / 11.0 = 0.0727 A

ε = 22 × gradient = 22 × 0.0727 = 1.60 V  (about 1.6 V)
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Four resistors: n = 4, so 1/n = 0.25

From Figure 12: 1/I = 4.2 A−1,  so  I = 1 / 4.2 = 0.238 A  (≈ 0.25 A)

Total external resistance R = 22 / 4 = 5.5 Ω

pd = IR = 0.238 × 5.5 = 1.31 V

lost volts = ε − pd = 1.60 − 1.31 = 0.29 V

r = lost volts / I = (1.60 − 1.31) / 0.238 = 1.2 Ω

1.31

1.2
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n = 2, n = 3 and n = 6

These give 1/n = 0.50, 0.33 and 0.17, which fill the large gap between

the plots at 1/n = 1.0 and 1/n = 0.071 (data for larger n would bunch

up near 1/n = 0).

This improves the distribution of points along the line, so they are

spread out as uniformly as possible.

new n = 1

new n = 14
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