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uncertainty in PQ = 2 × 0.2 = 0.4 cm (one for P, one for Q)

% uncertainty = (0.4 ÷ 50.9) × 100 = 0.79 %

0.8

node to node spacing = λ/2, and PQ covers 8 spacings

PQ = 8 × λ/2 = 4λ   so   λ = (2 × 0.509) ÷ 8 = 0.127 m

f = c / λ = 3.00 × 108 ÷ 0.12725

f = 2.36 × 109 Hz

2.36 × 109
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The microwaves are polarised (the transmitter emits plane-polarised

waves and the detector only detects one plane).
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new AC2 = 1.502 + (6.34 × 10-2)2

new AC = 1.50134 m

extension of AC = 1.50134 − 1.50 = 0.00134 m = 1.34 mm

total extension = 2 × 1.34 = 2.7 mm ≈ 3 mm

sin θ = 6.34 × 10-2 ÷ 1.50134 = 0.0422   so  θ = 2.42°

Vertically:  W = 2T sin θ

T = W ÷ (2 sin θ) = 1.0 ÷ (2 × 0.0422)

T = 11.8 N

T T

W

θ

11.8
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Δ(y2) = 0.0070 − 0.0020 = 0.0050 m2

Δ(W/y) = 28.1 − 8.9
= 19.2 N m-1

(0.0020, 8.9)

(0.0070, 28.1)
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gradient = Δ(W/y) ÷ Δ(y2) = 19.2 ÷ 0.0050 = 3840 N m-3

Comparing with y = mx + c:  gradient = EA / x3

E = gradient × x3 ÷ A = 3840 × 1.503 ÷ 1.11 × 10-7

E = 3840 × 3.375 ÷ 1.11 × 10-7 = 1.17 × 1011 Pa

1.17 × 1011

k has the same units as W/y = N m-1

N = kg m s-2, so N m-1 = kg m s-2 m-1 = kg s-2

kg s-2
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Close the jaws fully (using the ratchet) with no pencil between them

and read the micrometer to find the zero error.

Measure the pencil diameter, then subtract the zero error from (add or

subtract it to correct) each reading.

Take several readings at different places along and around the pencil

and calculate the mean.

9.65 mm
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F = mg sin 23° = 19 × 9.81 × sin 23° = 72.8 N ≈ 70 N

a = Δv / Δt = 0.32 ÷ 0.50 = 0.64 m s-2

Resultant force = ma = 19 × 0.64 = 12 N  (or F = Δ(mv)/Δt = 19 × 0.32 ÷ 0.50)

Friction − component of weight down slope = ma

F = 72.8 + 12.2

F = 85 N

85
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Input power to motor = VI = 110 × 5.0 = 550 W

Useful output power = 0.28 × 550 = 154 W

At steady speed, force on each block = mg sin 23° = 72.8 N

Power needed per block = Fv = 72.8 × 0.32 = 23.3 W

Number of blocks = 154 ÷ 23.3 = 6.6

(Energy check: Einput = 550 × 8.0/0.32 = 13 750 J, Euseful = 3850 J,

Eblock = 72.8 × 8.0 = 582 J, and 3850 ÷ 582 = 6.6)

Must be a whole number of blocks, so maximum = 6

6
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E = hc / λ = (6.63 × 10-34 × 3.00 × 108) ÷ 440 × 10-9

E = 4.52 × 10-19 J per photon

P = E × rate = 4.52 × 10-19 × 3.0 × 1016

P = 0.0136 W ≈ 0.014 W
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Red photon energy = hc/λ = 6.63 × 10-34 × 3.00 × 108 ÷ 660 × 10-9 =

3.0 × 10-19 J (440/660 times the blue photon energy).

Twice the blue power = 0.028 W, so the required emission rate = 0.028

÷ 3.0 × 10-19 = 9.0 × 1016 s-1.

From the graph the maximum rate is 6.9 × 1016 s-1 at 60 mA (max

power 0.021 W), so the claim is not correct.
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Both LEDs: the light from the paint has longer wavelengths than the

LED light. The red LED coating emits wavelengths longer than 660 nm

(infrared, invisible). The blue LED coating emits wavelengths longer

than 440 nm, so it can still emit visible light, e.g. green, yellow or red.

Excitation: photons from the LED are absorbed by the atoms in the

coating. Each photon has enough energy to excite an electron, which

moves up to a higher energy level, so the atom gains energy.

De-excitation: the excited electrons then return to the ground state in

several smaller steps, via other (intermediate) energy levels, so the

atoms lose energy and emit photons.

Each emitted photon has less energy than the absorbed photon, so a

range of lower frequencies and longer wavelengths is emitted.
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