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Not possible. Charge is conserved: 0 → (−1) + (+1) + 0 = 0.

But lepton number is not conserved: 0 → (+1) + (−1) + (−1) = −1,

since the electron has L = +1 and the antimuon and anti-electron

neutrino both have L = −1.

(Muon lepton number is also not conserved: 0 → 0 + (−1) + 0 = −1.)

up and anti-up

down and anti-down

The suggestion is not correct. The kaon K0 is made of a down quark

and an anti-strange quark (d s̄), so it has strangeness +1.

The anti-kaon is made of an anti-down and a strange quark (d̄ s), so

it has strangeness −1. The quark compositions (and strangeness) are

different, so they are not the same particle.
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The force holding the nucleus together is the strong nuclear force, and

only hadrons experience the strong nuclear force.

Kaon: its rest energy (493.8 MeV or 497.8 MeV) is more than half

that of a nucleon (about 469 MeV), so it cannot be the particle.

Muon: its rest energy (105.7 MeV) is in the range, but the muon is a

lepton so it does not experience the strong force, so it cannot be the

particle.

Pion: its rest energy (139.6 MeV or 135.0 MeV) is in the range and it

is a hadron (meson), so it experiences the strong force. The pion is the

predicted particle.
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Electromagnetic radiation is made of photons, each with energy E = hf,

so the photon energy depends on the frequency.

An electron needs a minimum energy, the work function φ, to be

removed from the surface. Each electron absorbs one photon, so only

photons with energy hf ≥ φ, i.e. frequency above the threshold

(minimum) frequency, can release photoelectrons.
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maximum current I = 30 μA = 30 × 10-6 A

number per second = I ÷ e = 30 × 10-6 ÷ 1.6 × 10-19

= 1.875 × 1014 s-1

1.9 × 1014 s-1
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The number of photoelectrons released per second depends only on the

intensity of the light (the number of incident photons per second),

which is constant; it does not depend on the pd.

For positive V the anode attracts the electrons, so once V is large

enough all of the photoelectrons released each second reach the anode,

so the current reaches a constant maximum.

Photoelectrons are released with a range of kinetic energies, up to a

maximum.

When V is negative the anode repels the electrons, so they lose kinetic

energy (gain electric potential energy) as they cross to the anode.

As V becomes more negative, fewer of the photoelectrons released per

second have enough initial kinetic energy to reach the anode, so the

current decreases.
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The stopping potential is related to the maximum kinetic energy of the

photoelectrons: Ek(max) = eVs.

From hf = φ + Ek(max), the maximum kinetic energy is Ek(max) = hf −

φ, so Vs = (hf − φ) ÷ e.

The radiation is unchanged, so hf (and e) stay the same. With a

smaller work function φ the maximum kinetic energy of the

photoelectrons increases, so the stopping potential increases (becomes

more negative).
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Coherent sources have the same frequency (and wavelength) and a

constant phase difference.

This is achieved because both loudspeakers are connected to the same

signal generator, so they emit identical signals.
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The sound waves from P and Q superpose (add together) at the ear. At

A, PA = QA so there is no path difference: the waves arrive in phase

(zero phase difference) and constructive interference gives a maximum.

Moving away from A introduces a path difference, so the waves go out

of phase and the amplitude decreases. Where the path difference is half

a wavelength the waves are in antiphase (180° phase difference), giving

destructive interference, a minimum.

Moving on to B, the path difference increases to one wavelength, so the

waves are back in phase: a maximum again.
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P and Q are each 0.15 m from O. Using Pythagoras:

PB = √(2.252 + (0.95 − 0.15)2) = √(2.252 + 0.802) = 2.39 m

QB = √(2.252 + (0.95 + 0.15)2) = √(2.252 + 1.102) = 2.50 m

path difference = QB − PB = 2.504 − 2.388

= 0.12 m, which is about 0.1 m

At B the path difference = one wavelength, so λ = 0.12 m

v = fλ = 2960 × 0.12 = 355 m s-1 ≈ 360 m s-1

360
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As the frequency decreases, the wavelength (gradually) increases, since

v = fλ and the speed of sound is constant.

The path difference at C is fixed and is more than one wavelength, so

as λ increases the path difference at C gets closer to one wavelength

(the separation of the maxima along AB increases, so the maximum

moves from B towards C).

So the waves at C come into phase and the amplitude of the sound

heard gets larger (louder), until the path difference is one wavelength;

then it gets smaller (quieter) as the frequency decreases further.
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20.1 m s-1 is less than the speed limit of 22 m s-1, so the average

speed did not exceed the limit.

distance travelled = area under the speed-time graph

0 to 1.5 min: ½(15 + 24) × 90 = 1755 m

1.5 to 2.5 min: 24 × 60 = 1440 m

2.5 to 4.0 min: ½(24 + 12) × 90 = 1620 m

total distance = 1755 + 1440 + 1620 = 4815 m

average speed = total distance ÷ time = 4815 ÷ 240

= 20.1 m s-1
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Use the longest response time, t = 2.0 s:

d = speed × time = 31 × 2.0

= 62 m

62
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The car in front cannot stop instantly either: it would take about the

same time and travel about the same distance when braking as the car

behind, so the only difference is the reaction time of the driver behind.

a = F ÷ m = 6800 ÷ 1200 = 5.67 m s-2 (deceleration)

v = u + at:  0 = 31 − 5.67t

t = 31 ÷ 5.67 = 5.47 s

s = ½(u + v)t = ½ × (31 + 0) × 5.47

s = 84.8 m

5.5
85
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Vertically (no vertical acceleration):  N cos 5.0° = mg

Horizontally, N sin 5.0° provides the centripetal force:

N sin 5.0° = mv2/r

Dividing:  tan 5.0° = v2/(rg)

v = √(rg tan 5.0°) = √(200 × 9.81 × tan 5.0°)

v = √171.7 = 13.1 m s-1

So a suitable advisory speed is 13 m s-1

13
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P = V2/R, so R = V2/P

R = 122 ÷ 1.5 = 144 ÷ 1.5 = 96 Ω, which is about 100 Ω

current in one lamp I = P ÷ V = 1.5 ÷ 12 = 0.125 A

total current = 3 × 0.125 = 0.375 A

0.38
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Yes, the demonstration works: most of the pd is dropped across the

constantan wires, so the lamps are much dimmer (or may not light).

A = πd2/4 = π × (0.19 × 10-3)2 ÷ 4 = 2.8 × 10-8 m2

R = ρL/A = 4.9 × 10-7 × 2.8 ÷ 2.8 × 10-8

R = 49 Ω, which is about 50 Ω

resistance of the 3 lamps in parallel = 100 ÷ 3 = 33 Ω

total resistance = 49 + 49 + 33 = 131 Ω

circuit current = V ÷ R = 12 ÷ 131 = 0.092 A

current for all 3 lamps fully on = 3 × 1.5 ÷ 12 = 0.38 A

pd across the lamps = 0.092 × 33 = 3.1 V (not 12 V)

0.092 A is only about a quarter of 0.38 A
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A superconductor has zero resistance (resistivity) below its

critical temperature, so there is no heating (I2R power loss) in the

cables and no energy is wasted in transmission.

The cables must be kept at or below the critical temperature,

which is very low, so they need continuous cooling (e.g. liquid nitrogen),

which is difficult and expensive to maintain over long distances.
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