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Neutron

Weak interaction

Bosons (exchange particles)
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Charge: udd → udu + e− + electron antineutrino

(+2/3 − 1/3 − 1/3) → (+2/3 − 1/3 + 2/3) + (−1) + 0

0 → +1 − 1 + 0 = 0, so charge is conserved.

Baryon number: (1/3 + 1/3 + 1/3) → (1/3 + 1/3 + 1/3) + 0 + 0

1 → 1 + 0 + 0 = 1, so baryon number is conserved.

Proton

An electron, an electron antineutrino and a muon neutrino
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As the current (and pd) increases, more heat is generated in the

filament, so its temperature increases.

This causes an increase in the vibration (movement) of the lattice

ions/atoms of the metal.

Therefore the rate of collisions of the conduction electrons with the

lattice ions increases, so the electrons are impeded more.

So the resistance increases, shown by V/I increasing: the current is

not proportional to V, so the graph curves.
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R = V/I = 8.0 / 0.56

R = 14.3 Ω

14.3

At 0.18 A: pd across lamp (from graph) = 0.80 V

pd across resistor: V = IR = 0.18 × 14.3 = 2.6 V

emf = 0.80 + 2.6 = 3.4 V

3.4

At 4.0 V: current through resistor = 0.28 A

current through filament lamp = 0.36 A (from graph)

total current = 0.28 + 0.36 = 0.64 A

R = V/I = 4.0 / 0.64 = 6.25 Ω

6.3
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A = πd2/4 = π × (32 × 10-6)2 / 4

A = 8.04 × 10-10 m2

ρ = RA/L

ρ = (14 × 8.04 × 10-10) / 0.36

ρ = 3.1 × 10-8 Ω m

3.1 × 10-8 Ω m
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Energy = QV = 7.2 × 104 × 12 = 8.64 × 105 J

Time = distance / speed = 12000 / 1.5 = 8000 s

Power = energy / time = 8.64 × 105 / 8000

Power = 108 W, which is about 100 W

Work done = F × d, and all the energy is used:

F × 12000 = 8.64 × 105

F = 8.64 × 105 / 12000 = 72 N

(or F = P/v = 108 / 1.5 = 72 N)

72
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Force parallel to slope = mg sin θ

= (55 + 65) × 9.81 × sin 4.5°

= 120 × 9.81 × 0.0785 = 92 N

92

Total resistive force = 92 + 72 = 164 N

P = Fv  so  v = P/F

v = 100 / 164

v = 0.61 m s-1

0.61
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Increasing the mass of the user reduces the range.

The normal contact force is larger, so there is more friction in the

bearings and more compression of the tyres (rolling resistance), so

more energy is wasted per metre. Also more energy is needed to

accelerate the user and wheelchair to their final speed, as they have

more kinetic energy.

Increasing the speed reduces the range.

Air resistance increases with speed, so a larger resistive force acts

and more work is done against it for every metre travelled, so the

battery's energy is used up over a shorter distance.
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The waves from S1 and S2 travel different distances to the receiver,

so there is a path difference between the two waves.

This path difference gives rise to a phase difference. At the

minimum points the path difference is an odd number of half

wavelengths (½λ, 1½λ), so the waves arrive in antiphase (180° out

of phase).

So destructive interference occurs: the crest of one wave meets the

trough of the other and the waves cancel, giving a minimum signal.

Path difference = 0.723 − 0.667 = 0.056 m

B is the central maximum, C the first and D the second

maximum, so path difference = 2λ

λ = 0.056 / 2 = 0.028 m

f = c/λ = 3.00 × 108 / 0.028

f = 1.07 × 1010 Hz

1.1 × 1010
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The intensity (amplitude) of a wave decreases with distance from its

source.

Between C and D the wave from S1 travels further than the wave

from S2, so at the minimum point the two waves arrive with

different amplitudes (intensities).

So the amplitudes are not equal and the waves do not cancel out

completely, so the minimum is not zero.

The signal strength decreases, falling to zero when the aerial lies

along AE.

This is because the microwaves transmitted are (plane) polarised,

with the electric field oscillating vertically.

When the aerial is at 90° to the plane (direction) of polarisation of

the wave, it cannot detect the wave, so the signal is zero.
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E = FL / (AΔL)   so   ΔL = FL / (AE)

ΔL = (5.0 × 102 × 12) / (1.6 × 10-5 × 1.2 × 1011)

ΔL = 6000 / 1.92 × 106

ΔL = 3.1 × 10-3 m = 3.1 mm

3.1 mm is less than 4 mm.
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The wind produces a wave (disturbance) that travels along the wire.

The wave is reflected at each fixed end (at the masts), so two

waves of the same frequency travel along the wire in opposite

directions.

The incident and reflected waves superpose (interfere) to form a

stationary wave.

The fixed ends of the wire have to be nodes, so a whole number of

half wavelengths must fit in the 12 m length. Only certain

wavelengths, and so only certain frequencies, can form.

Horizontal component of cable tension = wire tension

T cos 65° = 500   so   T = 500 / cos 65° = 1183 N

1.2 × 103
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mass = ρ × volume = ρAL

= 8900 × 1.6 × 10-5 × 1.0 = 0.142 kg

0.142

f1 = (1/2L)√(T/μ) = (1/24) × √(500 / 0.142) = 2.47 Hz

Third harmonic: f3 = 3 × 2.47 = 7.4 Hz

7.4
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In high winds the copper may be stretched beyond its elastic limit,

so it deforms plastically.

This is a permanent deformation: the wire does not return to its

original length (it stays longer), so it sags.
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The electron is (just) free: it has been released from the atom (the

atom is ionised).

This is the ground state: the lowest energy level that an electron can

occupy.

Energy has to be supplied to an electron to remove it from the atom

(to make it free, at zero energy), so all the bound levels below zero

are negative.

Lowest frequency means longest wavelength: λ = 656 nm

E = hc/λ = (6.63 × 10-34 × 3.00 × 108) / 656 × 10-9

E = 3.03 × 10-19 J

E in eV = 3.03 × 10-19 / 1.60 × 10-19 = 1.9 eV

1.9
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The high potential difference accelerates the free electrons in the

tube to high speeds, giving them high kinetic energy.

These electrons collide with the hydrogen atoms. They have enough

energy to excite the atoms, raising the atoms' electrons from the

ground state into higher energy levels.

The excited electrons are unstable and move back down to lower

energy levels. The visible spectrum is produced by electrons moving

down into the −3.40 eV level from higher levels.

Each transition releases the energy as one photon. The energy of the

photon is the difference in the energies of the two levels,

ΔE = E1 − E2 = hf. Since the levels have fixed (discrete) energies,

only certain photon energies, and so only specific frequencies, are

emitted, giving lines in the spectrum.

The lowest frequency (656 nm) line is due to a transition from the

−1.51 eV level to the −3.40 eV level:

ΔE = 3.40 − 1.51 = 1.89 eV = 1.89 × 1.60 × 10-19 = 3.02 × 10-19 J

λ = hc/ΔE = (6.63 × 10-34 × 3.00 × 108) / 3.02 × 10-19

λ = 6.6 × 10-7 m = 660 nm, which matches the 656 nm line.

Similarly −0.85 eV to −3.40 eV gives ΔE = 2.55 eV and λ = 488

nm, the 486 nm line.
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