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The two sets of waves do not have the same amplitude (some

energy is absorbed at M on reflection), so they cannot cancel out

completely.

Place a set square with one edge along the marked line TR (so the

other edge is perpendicular to TR) and measure x along it at one end

of M.

Repeat at a different point, at the other end of M. Adjust M until

the two distances are the same; then M is parallel to the marked

line.

marked line TR

M

set square set square
x1 x2
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Gmax line: through bottom of n = 3 bar and top of n = 11 bar

Gmax = (1.522 − 1.265) ÷ (11 − 3) = 0.257 ÷ 8 = 0.0321

Gmin line: through top of n = 5 bar and bottom of n = 13 bar

Gmin = (1.548 − 1.348) ÷ (13 − 5) = 0.200 ÷ 8 = 0.0250

3.21 × 10-2

2.50 × 10-2

nλ + y = √(4x² + y²), so gradient = λ

λ = (Gmax + Gmin) ÷ 2 = (0.0321 + 0.0250) ÷ 2

λ = 0.02855 m

2.86 × 10-2
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Since √(4x² + y²) = nλ + y, y is the (vertical) intercept of the line

at n = 0. The n axis does not start at 0, so the intercept must be

calculated.

For each of the Gmax and Gmin lines, read a point (n, value) and

calculate intercept = value − gradient × n. Then find the average of

the two intercepts to get y.

Δλ = (Gmax − Gmin) ÷ 2 = (0.0321 − 0.0250) ÷ 2 = 0.00355 m

% uncertainty = (Δλ ÷ λ) × 100 = (0.00355 ÷ 0.02855) × 100

= 12.4 %
12.4
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Peak-to-peak height on Figure 8 = 6.3 divisions

Y-gain = 1 V div-1, so V = 6.3 × 1 = 6.3 V

6.3

One cycle (period) = 8 divisions

Time-base = 0.5 ms div-1, so T = 8 × 0.5 ms = 4.0 ms = 4.0 × 10-3 s

f = 1 ÷ T = 1 ÷ (4.0 × 10-3)

250
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Advantage: the waveform will stretch horizontally by a factor of 2.5

(0.5 ÷ 0.2), so half a cycle now covers the 10 horizontal divisions of

the screen.

So the resolution of the time axis is increased: the time interval

(half-life) is measured across a larger distance / more divisions,

which reduces the (percentage) uncertainty in reading the time.

The whole cycle is not seen at once, but the X-shift can bring the

discharge into view.

Discharge starts at the top level; V falls to half its initial

value (3.15 V below the top) after 0.37 divisions.

t0.5 = 0.37 × 0.5 ms = 0.185 ms = 1.85 × 10-4 s

t0.5 = RC ln 2, so RC = t0.5 ÷ ln 2

RC = 1.85 × 10-4 ÷ 0.693 = 2.7 × 10-4 s

2.7 × 10-4
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Connecting an identical resistor in parallel with R halves the total

resistance of the circuit, so the time constant RC halves.

So the capacitor charges and discharges faster: it reaches 0 V and

the peak voltage in a shorter time.
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Reduce the Y-gain (increase the volts per division) to 2 V division-1.

The voltage across R now swings from +6.3 V to −6.3 V (12.6 V

peak to peak), which would need 12.6 divisions at 1 V division-1, more

than the 8 on the screen; at 2 V division-1 it fits.

Adjust the Y (vertical) shift so the trace is centred on the screen.
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The graph of ln x against n is linear (a straight line) with a

negative gradient, so ln x = ln x0 − kn, i.e. x = x0e−kn: x decreases

exponentially with n.

198.4 174.6 5.162

133.2 4.892

101.6 4.621

77.5 4.350

51.6 3.944

30.0 3.401
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View the glider at eye level, with the line of sight at

right angles to the scale, when it reaches its highest point.

This reduces (eliminates) parallax error when reading the position p

on the scale.

Use a video camera to record the glider as it reaches the

top of the track, then replay frame by frame to read p.

The glider is only momentarily at rest, so this reduces random

(human) error in judging the highest position.

Gradient (from line, (0, 5.16) to (16, 3.00)):

gradient = (3.00 − 5.16) ÷ (16 − 0) = −2.16 ÷ 16 = −0.135

ln x = 5.16 − 0.135n, so at n = 20:

ln x20 = 5.16 − 0.135 × 20 = 5.16 − 2.70 = 2.46

x20 = e2.46 = 11.7 cm

11.7
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