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The ruler is uniform, so its weight (centre of mass) acts at

its centre, the 50.0 cm mark.

Take moments about the pivot (1.0 cm mark):

clockwise moment = anticlockwise moment

weight of ruler acts at 50.0 cm mark: 49.0 cm from pivot

prism apex at 30.0 cm mark: 29.0 cm from pivot

m g × 49.0 = (214.66 × g) × 29.0      (g cancels)

m = 214.66 × 29.0 / 49.0 = 127.04 g
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The balance reading M decreases as I increases, so the force on the wire

due to the field is upwards (it partly lifts the ruler).

The current in the wire is from P to Q (from left to right in Figure 3).

Using Fleming's left-hand rule with the force upwards and the current to

the right, the field B must be into the page (into the plane of Figure

3).

ΔI = 4.0 − 1.0 = 3.0 A

ΔM = 237.65 − 238.48
= −0.83 g
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gradient = ΔM / ΔI = (237.65 − 238.48) / (4.0 − 1.0)

= −0.277 g A-1 = −2.77 × 10-4 kg A-1

σ = |gradient| × g = 2.77 × 10-4 × 9.81 = 2.72 × 10-3 N A-1

L = 90.0 − 85.0 = 5.0 cm = 0.050 m

B = σ / 3L = 2.72 × 10-3 / (3 × 0.050)

B = 1.81 × 10-2 T

1.81 × 10-2
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Keep d constant (control variable), e.g. set d = 1.0 cm with spacers,

measured with vernier calipers. Measure L with a ruler, e.g. L = 5.0 cm.

With no current, zero the balance. Vary the current I (the only

independent variable) from 0.5 A to 5.0 A in steps using the variable

supply, reading I on the ammeter.

For each I record the change in balance reading M (dependent variable)

and convert it to a force: F = Mg (M in kg, g = 9.81 N kg-1).

Plot F (vertical axis) against I2 (horizontal axis): a straight line through

the origin, gradient = kL/d, so k = gradient × d / L.
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vertical metre ruler, zero on the floor;
set-square on floor against ruler to check vertical
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Clamp a metre ruler vertically next to the free end of the tape with its

zero on the floor, checking it is vertical with a set-square on the floor.

Measure the height of the free end of the tape above the floor and the

height of the tape at the edge of the bench above the floor; y = the

difference between these heights.

So that y is large enough for its percentage (fractional) uncertainty to

be small; for x below 70 cm, y is very small so its percentage

uncertainty would be too large.
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gradient = Δlog y / Δlog x = (1.762 − 0.754) / (2.12 − 1.86)

gradient = 1.008 / 0.26 = 3.9 (3.88)

n = gradient rounded to the nearest integer
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Δlog x = 2.12 − 1.86 = 0.26

Δlog y = 1.762 − 0.754
= 1.008
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log y = n log x + log A, which has the form y = mx + c, so log A is

the vertical intercept (the value of log y when log x = 0).

The log x axis does not start at 0, so read log x and log y for a point

on the best-fit line and substitute with the gradient n: log A = log y −

n log x.

Then take the antilog of this intercept: A = 10c, where c is the value of

log A found.

A = y / xn     (first row of Table 2, n = 4)

A = 61.2 / 132.44

A = 61.2 / (3.07 × 108) = 1.99 × 10-7 cm-3

10-7 cm-3
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In 9c the water inside is below the bath level, so the air pressure is

greater than in 9d (levels equal, atmospheric pressure). Temperature is

the same, so pV = constant (Boyle's law): higher pressure, smaller

volume.
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The air is at the same pressure (atmospheric) in 9a and 9d, and the

same mass (amount) of air is trapped in both, so V ∝ T.

Pour the water into a measuring cylinder (on a horizontal bench) and

read the volume.

Read the scale with the eye level with the bottom of the meniscus,

looking perpendicular to the scale, to avoid parallax error.

For V2, fill and empty the cylinder more than once and add the

readings.
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gradient = ΔV / Δθ = (255 − 207) / (86 − 19) = 48 / 67

gradient = 0.716 cm3 °C-1

vertical intercept (V at 0 °C) = 207 − 0.716 × 19 = 193.4 cm3

at absolute zero V = 0:   0 = 0.716 θ + 193.4

θ = −193.4 / 0.716 = −270 °C

−270
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