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Never look directly into the beam or at its reflections; stand behind the

laser when it is switched on.
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Δx = 553 − 60 = 493 mm

uncertainty in Δx = 5 + 5 = 10 mm

% uncertainty = (10 / 493) × 100 = 2.0 %

493
2.0

d = 1 / 300 mm = 3.33 × 10−6 m

First order (n = 1): x = 553 − 321 = 232 mm

tan θ1 = 0.232 / 1.20 = 0.193, θ1 = 10.9°

λ = d sin θ1 / 1 = 3.33 × 10−6 × 0.190 = 6.33 × 10−7 m

Second order (n = 2): x = 493 mm

tan θ2 = 0.493 / 1.20 = 0.411, θ2 = 22.3°

λ = d sin θ2 / 2 = 3.33 × 10−6 × 0.380 / 2 = 6.33 × 10−7 m

Mean of the two values: λ = 6.3 × 10−7 m

6.3 × 10−7
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B to C (first order) is now 8 squares = 8 × 50 = 400 mm

tan θ1 = 0.193 (from 01.3, same grating and laser)

tan θ1 = 0.400 / L

L = 0.400 / 0.193

= 2.07 m ≈ 2.1 m

2.1
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vernier calipers

metre ruler

micrometer
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Stand the metre ruler upright on the bench and place the set square

against the bench and the ruler, so the metre ruler is vertical.

Use the vertical ruler to measure the vertical distance from the bench

up to line P at two different points along the beam (e.g. near each

end).

Line P is horizontal if these two distances are the same.
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m1

180
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At x = 130 mm: m1 = 594 g, m2 = 677 g

mass = m1 + m2 = 594 + 677 = 1271 g

At x = 205 mm: 658 + 612 = 1270 g;  mean ≈ 1270 g

1270

Lines cross (m1 = m2) at x = 180 mm

2e = c − x = 900 − 180 = 720 mm

e = 720 / 2 = 360 mm

360
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All the values of m1 are larger, because balance 1 now also includes the

mass of the support: same gradient but a greater y-intercept.

The second student's m1 line is shifted upwards, so it intersects the m2

line at a smaller value of x.

Since 2e = c − x, a smaller x gives a larger value of e, so the second

student's e is larger than the correct value (the mass of the support

appears to move the centre of mass towards the wide end).
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Power supplied by the battery = εI = 12I. Power wasted in the internal

resistance = I2r = 0.037I2. Power used by the two lamps = 2 × 65 =

130 W.

By conservation of energy, the power supplied by the battery equals the

total power dissipated in the circuit, so 12I = 0.037I2 + 130.
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The thinner filament has a smaller cross-sectional area, so the

resistance of X increases (R = ρL/A).

The total (load) resistance of the parallel lamps increases, so the total

current from the battery decreases.

The lost volts Ir decrease, so the terminal pd across the lamps increases

(a larger share of the emf is across the load).

Y has constant resistance and P = V2/R, so the power of Y increases: Y

no longer operates at 65 W, it is above 65 W.

0.037I2 − 12I + 130 = 0   (a = 0.037, b = −12, c = 130)

I = [12 − √(122 − 4 × 0.037 × 130)] / (2 × 0.037)

= (12 − √124.76) / 0.074 = (12 − 11.170) / 0.074

= 11.2 A ≈ 11 A

terminal pd V = ε − Ir = 12 − (11.22 × 0.037) = 11.58 V

P = V2 / R  so  R = V2 / P

R = 11.582 / 65

= 2.06 Ω ≈ 2.1 Ω

2.1
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horizontal component uh = 8.7 / tan 73° = 2.66 m s−1

D = uh × t = 2.66 × 1.7

= 4.52 m

4.5
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With the same initial speed but a smaller angle, the horizontal

component of the initial velocity is larger (and the vertical component

smaller).

So the ball covers the same distance D in a shorter time of flight. The

time interval is unchanged, so there are fewer images than in Figure 8.

Taking upwards as positive: u = +8.7 m s−1, a = −9.81 m s−2, t = 1.7 s

s = ut + ½at2 = (8.7 × 1.7) + ½ × (−9.81) × 1.72

= 14.79 − 14.18 = 0.61 m (ball ends 0.61 m above launch)

s = 3.10 − h  so  h = 3.10 − 0.61

= 2.49 m

2.5
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Air resistance always acts in the opposite direction to the ball's velocity,

and its magnitude increases as the speed increases.

Vertical displacement increasing (rising): air resistance has a downward

component, in the same direction as the weight, so av is larger than g

(9.81 m s−2). As the ball rises it slows down, so the air resistance

decreases and av decreases towards g at the top.

Vertical displacement decreasing (falling): air resistance has an upward

component, opposite to the weight, so av is smaller than g. As the ball

speeds up the air resistance increases, so av keeps decreasing as sv
decreases.
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