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Handle the source only with long-handled tongs,

holding it at arm's length and never pointing it at anyone or looking

into it, to keep the distance from the source as large as possible.

Keep the source in its lead-lined storage box (lead

castle) when it is not being used, and return it to the box as soon as

the experiment is finished, to limit the time of exposure.
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A, B and I (radon-222, polonium-218 and lead-210)
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Remove all radioactive sources from the room (or measure Ab before the

source is brought in), so that no radiation from the source is counted as

background; this eliminates a systematic error.

Reset the counter and stopwatch to zero before starting and check they

have no zero error.

Measure Ab on the same day and in the same room as the

inverse-square experiment, because the background count varies with

location and time.

Count for a long time, e.g. 10 minutes (a total of at least 100 s). A

large total count reduces the percentage uncertainty in Ab, since the

uncertainty in a count N is √N.
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From Figure 4, the range in aluminium at 5.5 MeV is 12 mm, so the

absorber must be at least 12 mm thick to stop every β− particle.

5.5

12 mm

α particles are stopped easily, so the absorber must stop all β−.

The most energetic β− have Ek = 5.5 MeV: read the range at 5.5 MeV.
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(d + e) = √k × 1/√A,  so  d = √k × (1/√A) − e

This has the form y = mx + c, so the gradient of d against 1/√A is √k,

therefore k = (gradient)2.

From the triangle on Figure 6:

gradient = Δd / Δ(1/√A) = (315 − 56) / (0.80 − 0.20)

gradient = 259 / 0.60 = 432 mm Bq0.5

k = (gradient)2 = 4322

k = 1.87 × 105 mm2 Bq

1.87 × 105 mm2 Bq
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(0.20, 56)

(0.80, 315)

Δ(1/√A) = 0.80 − 0.20 = 0.60

Δd = 315 − 56
= 259 mm

d = gradient × (1/√A) − e,  so  e = gradient × (1/√A) − d

Using the point (0.80, 315) on the line:

e = 432 × 0.80 − 315 = 345.6 − 315

e = 30.6 mm ≈ 31 mm

31
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Place a dry measuring cylinder under the end of T and at the same

moment start a stopwatch (reset to zero first).

Collect the water for a measured time t, e.g. 120 s (at least 60 s),

then remove the cylinder and stop the stopwatch.

Stand the cylinder on a horizontal bench and read the volume V at the

bottom of the meniscus, with my eye level with the meniscus to avoid

parallax error.

Q = V / t (convert cm3 to m3 by multiplying by 10-6).
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Collecting a large volume over a long time reduces the percentage

(fractional) uncertainty in both V and t.

Repeat the measurement several times and calculate the mean value of

Q.
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η = πρg d4 / (128 L × gradient),  where gradient = Q / h

% uncertainty in η = % in gradient + 4 × % in d + % in L

= 6.4% + (4 × 2.9%) + 1.8%

= 6.4% + 11.6% + 1.8% = 19.8%

19.8%
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Stand a metre ruler on the bench next to the tube, made vertical with

a set-square resting on the bench (as sketched), or hang a plumb line

beside the tube. Check the tube is parallel to the ruler (or string) all

the way up.

metre ruler

set-square
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(29, 60.0)

(60, 52.2)

y = y0 e−λΔt,  so  λ = (1/Δt) × ln(y0 / y)

From Figure 10: y0 = 60.0 cm at t = 29 s and y = 52.2 cm at t = 60 s

Δt = 60 − 29 = 31 s

λ = (1/31) × ln(60.0 / 52.2) = 0.1393 / 31

λ = 4.49 × 10-3 s-1  (≈ 4.5 × 10-3 s-1)

4.49 × 10-3

stemup.co.uk

https://stemup.co.uk


T1/2 = ln 2 / λ

T1/2 = 0.693 / (4.49 × 10-3)

T1/2 = 154 s

154
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inclined tube
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From the first peak to the sixth peak: 5 complete cycles = 8.2 cm

T = (8.2 cm × 10 ms cm-1) / 5 = 16.4 ms

f = 1/T = 1 / (16.4 × 10-3 s) = 61 Hz

61
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Left bridge reading = 22.6 cm;  right bridge reading = 80.4 cm

x = 80.4 − 22.6 = 57.8 cm = 0.578 m

First harmonic, so x = λ/2:  λ = 2 × 0.578

λ = 1.156 m

1.156
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c = fλ = 61 × 1.156

c = 70.5 m s-1

70.5

c = √(T/μ),  so  μ = T / c2

tension T = mg = 0.500 × 9.81 = 4.905 N

μ = 4.905 / 70.52 = 4.905 / 4970

μ = 9.87 × 10-4 kg m-1  (9.9 × 10-4 to 2 sf)

9.9 × 10-4
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Take repeat readings of d at several different points along the length of

the rod.

At each point also take readings in different directions, rotating the rod

about its axis between readings, since the rod may not be perfectly

circular.

zero error = −0.09 mm, so d = 0.62 − (−0.09)

d = 0.71 mm

0.71
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Discard any anomalous readings, then calculate the mean of the

remaining readings to give d.

cross-sectional area A = πd2/4 = π × (0.71 × 10-3)2 / 4

A = 3.96 × 10-7 m2

density = mass / volume = (mass per unit length) / A

ρ = 3.54 × 10-3 / 3.96 × 10-7

ρ = 8.94 × 103 kg m-3

8.9 × 103
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