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The exchange particle is the W− boson. The decay is β− decay, so it is

a weak interaction: a neutron in the tritium nucleus changes into a

proton (a down quark changes to an up quark).

The W− must be negative so that charge is conserved: n → p + W−,

then W− → e− + antineutrino.
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For: line C is present in the hydrogen spectrum (and in the helium

spectrum), and line E is present in the sodium spectrum (and in the

helium spectrum), so these lines could be explained by sodium and

hydrogen.

Against: line D (about 500 nm) is in neither the hydrogen nor the

sodium spectrum, so it cannot be due to sodium or hydrogen and there

must be another element (helium) present.
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A photon is a carrier of energy, and an atom can only absorb or emit a

photon whose energy hf exactly equals the difference between two of

its energy levels.

Absorption spectrum: white light passes through cool gas; electrons in

the atoms absorb photons of particular energies and become excited,

moving up to a higher energy level. These wavelengths are removed,

giving dark lines on a continuous spectrum.

Emission spectrum: excited atoms de-excite, with electrons moving down

to a lower energy level and emitting a photon of energy equal to the

energy difference. Only these wavelengths are seen, as bright lines on a

dark background.

From Figure 1, wavelength of line E = 587 nm

E = hc / λ = (6.63 × 10-34 × 3.00 × 108) / (587 × 10-9)

E = 3.39 × 10-19 J

in eV: E = 3.39 × 10-19 / 1.60 × 10-19

E = 2.12 eV

2.12
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A down quark changes into an up quark (d → u).

The β− particles have a range (continuous spread) of kinetic energies,

from zero up to a maximum.

But each decay releases a fixed total amount of energy, so another

particle (the antineutrino) must be emitted that carries away the rest

of the energy in each decay, so that energy is conserved.
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neutron

Only G3 (1.0 × 10-13 J > 8.2 × 10-14 J) has enough energy to have been

made in the annihilation, so G3.

Minimum energy released when a positron and electron annihilate

(at rest) = 2 × rest energy = 2 × 0.511 MeV = 1.022 MeV

= 1.022 × 106 × 1.60 × 10-19 = 1.64 × 10-13 J

Two photons are produced, so each photon has energy of at least

1.64 × 10-13 / 2 = 8.2 × 10-14 J

G1 (5.0 × 10-14 J) and G2 (6.6 × 10-14 J) < 8.2 × 10-14 J
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The density of A matches the density of brass (8.6 × 103 kg m-3), so

A is made of brass.

Volume of A = πr2 × length = π × (2.4 × 10-2)2 × 0.23

V = 4.16 × 10-4 m3

Mass of A = W / g = 35 / 9.81 = 3.57 kg

Density = mass / volume = 3.57 / 4.16 × 10-4

ρ = 8.6 × 103 kg m-3

(check: mass if brass = 8.6 × 103 × 4.16 × 10-4 = 3.58 kg,

weight = 3.58 × 9.81 = 35 N, which is the weight of A)
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As M moves left, the angle between each part of the rope and the

horizontal decreases, while the tension in the rope stays equal to the

weight of A (35 N).

So the horizontal components of the rope tension (35 cos θ) increase,

and the tension in cable C, which balances them, must increase.

Rope tension on each side of M = weight of A = 35 N

Horizontal component of each = 35 cos 55° = 20.1 N

T = 2 × 35 cos 55° = 40.2 N

40
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Component of tension perpendicular to the door:

F⊥ = 41 sin 12° = 41 cos (90° − 12°) = 8.5 N

Moment = F⊥ × distance = 8.5 × 0.95

Moment = 8.1 N m

8.1
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Increase the weight of A (use a denser material or a larger volume,

e.g. a longer cylinder). This increases the tension in the rope and so

increases the tension in C, and therefore the moment about the hinges.

Move D further from the hinge (attach the cable C further along the

door). This increases the perpendicular distance from the hinge to the

line of the force, and therefore increases the moment.
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R = V2 / P = 6.22 / 4.5 = 8.5 Ω  (≈ 9 Ω)

Current in lamp = V / R = 6.2 / 8.54 = 0.73 A

Current in 12 Ω resistor = 6.2 / 12 = 0.52 A

Total current I = 0.73 + 0.52 = 1.24 A

emf = terminal pd + Ir

ε = 6.2 + (1.24 × 2.5)

ε = 9.3 V

9.3
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A = π(d / 2)2 = π × (0.19 × 10-3 / 2)2

A = 2.84 × 10-8 m2

ρ = RA / l = (9.0 × 2.84 × 10-8) / 5.0

ρ = 5.1 × 10-8 Ω m

5.1 × 10-8
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Moving the contact to the right increases the length of wire in series

with the lamp, so the resistance increases.

This reduces the current through the lamp, so the lamp becomes

dimmer.
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Moving the contact to the right increases the resistance of the parallel

section, so the total (external) circuit resistance increases and the

current from the battery decreases.

So the pd dropped across the internal resistance (lost volts) decreases,

the terminal pd across the lamp increases, and the lamp becomes

brighter.
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time = angle / angular speed = 2π / ω

T = 2π / 1.8

T = 3.5 s

3.5
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F = mrω2 = 0.12 × 0.25 × 1.82

F = 0.097 N

0.097
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The block is constantly changing direction (moving in a circle at

constant speed), so its velocity is changing.

By Newton's first law, a resultant force must act, since otherwise the

block would move in a straight line at constant speed.

T = 2π √(l / g)  so  l = gT2 / 4π2

l = 9.81 × 2.502 / 4π2

l = 1.55 m

1.55
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The amplitude of the pendulum shadow decreases, so it

becomes less than the block shadow amplitude.

The pendulum's time period changes (decreases) as its amplitude

gets less, so the shadows move out of phase.
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The angle of refraction in B is greater than the angle of incidence in A:

the ray bends away from the normal, so it speeds up. By Snell's law nA

sin i = nB sin r, so nA > nB.

76°
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Angle of incidence at the boundary = 90° − 43° = 47°

Snell's law: nA sin θA = nB sin θB

1.62 × sin 47° = 1.35 × sin θB

sin θB = 1.62 × 0.731 / 1.35 = 0.878

θB = 61.4°  ≈ 60°

Critical angle for B to air: sin c = 1 / n = 1 / 1.35

c = 47.8° ≈ 48°

Angle of incidence at P: i = 180° − 43° − 61.4° = 76°

i = 76° > c = 48°, so total internal reflection occurs at P:

the ray reflects off P at 76° to the normal (drawn on Figure 12).
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