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Y has a strangeness of +1, a baryon number of 0 and a charge of +1,

so Y is a kaon (K+ meson). It contains an anti-strange quark, which is

more massive than the u and d quarks in the pion.

So Y has a greater mass (rest energy) than the π+.

Both π+ and Y have the same charge of +1e, so the π+ has the greater

charge-to-mass ratio (specific charge), because it has the same charge

but a smaller mass than Y.
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An electron in the beam collides with an electron in a gas particle

(atom) and transfers some of its kinetic energy to that atomic electron.

This atomic electron gains enough energy to leave the gas particle, so

the particle has lost one electron and has a charge of +1e.
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Each isotope makes up 50% of the gas (the percentage is the same for

both isotopes).

158 is two lighter atoms and 162 is two heavier atoms, and both are

25%, so the isotopes are in the same ratio. Also, half of the 160 is the

lighter isotope and all of the 158 is lighter: 25% + ½ × 50% = 50%.

Heavier isotope: 162 ÷ 2 = 81 nucleons

Neutrons = 81 − 35 = 46

(or 162 − (2 × 35) = 92, so 92 ÷ 2 = 46)
46
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T = 1/f = 1 ÷ 3.8 × 1014 = 2.63 × 10−15 s

cycles = 6.0 × 10−9 ÷ 2.63 × 10−15 = 2.28 × 106

2.3 × 106

Time for one way = 10.7 × 10−6 ÷ 2 = 5.35 × 10−6 s

h = speed × time = 3.0 × 108 × 5.35 × 10−6 = 1605 m

1.6 × 103
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Angle of incidence θ1 = 90° − 38° = 52°,  θ2 = 37°

n1 sin θ1 = n2 sin θ2  with nair = 1

1 × sin 52° = n2 × sin 37°

n2 = sin 52° ÷ sin 37° = 0.788 ÷ 0.602 = 1.31

1.31

n = c / cs  so  cs = 3.0 × 108 ÷ 1.31 = 2.29 × 108 m s−1

cs = fλ  so  λ = 2.29 × 108 ÷ 3.8 × 1014

λ = 6.03 × 10−7 m

6.0 × 10−7
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The plate loses its charge because electromagnetic radiation of high

enough frequency causes electrons to be emitted from the surface of the

plate (photoelectrons). These photoelectrons carry away negative charge,

so the number of surplus electrons remaining on the plate decreases with

time.

Frequency: an electron needs a minimum energy, equal to the work

function φ of the metal, to escape from the surface. The radiation

consists of photons, and an electron can only absorb the energy of one

photon in a single interaction, so one photon must supply all of this

energy. The energy of a photon is directly proportional to its frequency,

E = hf. So electrons are only emitted if hf ≥ φ, which means the

radiation must have a frequency above the threshold frequency f0 = φ/h.

Below the threshold frequency no electrons are emitted however intense

the radiation is, so the plate does not lose charge.

Intensity: above the threshold frequency, increasing the intensity (at the

same frequency) means more photons per second are incident on the

plate. Each photon can release one electron, so more electrons are

released from the plate every second and it loses its charge more rapidly.

If the frequency is increased, each photon has more energy, so the
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intensity must still increase the number of photons per second for the

rate of loss of charge to increase.

E = hf = 6.63 × 10−34 × 1.2 × 1015 = 7.956 × 10−19 J

In eV: 7.956 × 10−19 ÷ 1.6 × 10−19 = 4.97 eV

hf = φ + Ek(max)

φ = hf − Ek(max) = 4.97 − 1.1 = 3.87 eV

3.9
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Q. The electrons diffract as they pass between the layers of atoms in

the graphite target, because the gaps between the atoms act as slits for

the electrons, so they spread out.
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Greater speed means the momentum of the electrons increases, so their

(de Broglie) wavelength decreases, since λ = h/mv (wavelength is

inversely proportional to momentum).

So there is less diffraction, because the wavelength is shorter relative to

the spacing between the layers of atoms in the graphite, so the rings

are smaller.
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Taking moments about B (end of cable Q):

1150 × 3.6 = (1800 × 1.8) + 750 × (3.6 − d)

4140 = 3240 + 2700 − 750d

750d = 1800

d = 2.4 m

2.4
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ε = ΔL / L  so  ΔL = 6.0 × 10−5 × 3.0 = 1.8 × 10−4 m

extension = 0.18 mm, read off Figure 6:  d = 1.8 m

1.8

σ = Eε = 1.9 × 1011 × 6.0 × 10−5

1.14 × 107
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extension ΔL = FL / (AE), with F and L unchanged

Radius halved, so area A = πr2 becomes A/4

Young modulus doubles to 2E

So new extension = ΔL × 4 ÷ 2 = 2ΔL (extension doubles)

At d = 0: 2 × 0.23 = 0.46 mm;  at d = 3.6 m: 2 × 0.13 = 0.26 mm
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mg sin θ = 65 × 9.81 × sin θ = 640 sin θ (N)

P = Fv  so  F = P / v = 310 ÷ 1.63 = 190 N

F = mg sin θ:  sin θ = 190.2 ÷ (65 × 9.81) = 190.2 ÷ 637.7 = 0.298

θ = sin−1 0.298 = 17.4°

17.4
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Her useful power output is less than in 07.2.

She gains the same height (same gain in gravitational potential energy)

at the same speed, but the zig-zag path is longer, so the effective angle

θ of her path to the horizontal is smaller.

So the component of the weight parallel to her path, mg sin θ, is

smaller, and the vertical component of her velocity is smaller, so she

gains less gravitational potential energy per second: P = mgv sin θ has

decreased.
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(28, 15.9)

Tangent drawn to the curve at t = 10.0 s

Points on tangent: (0, 10.0) and (28, 15.9)

acceleration = gradient = Δv / Δt

= (15.9 − 10.0) ÷ (28 − 0) = 5.9 ÷ 28 = 0.21 m s−2

0.21
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At first her speed is low, so air resistance (resistive forces) is small and

almost all of the gravitational potential energy transferred is transferred

to kinetic energy of the cyclist, so she accelerates rapidly (steep

gradient).

Air resistance increases with speed, so as the speed increases, more

energy is transferred per second from the cyclist to the air by work

done against resistive forces, and less of the gravitational potential

energy transferred per second goes to kinetic energy, so the acceleration

(gradient) decreases.

At top speed (about 13 m s−1), all of the gravitational potential energy

transferred per second is transferred to the air by work done against

resistive forces, so kinetic energy stays constant and the graph levels off.
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pd across variable resistor = 12 − 0.75 = 11.25 V

I = V / R = 11.25 ÷ 25 = 0.45 A

Rlamp = 0.75 ÷ 0.45 = 1.67 Ω

1.7
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As the voltage increases the current increases, so more electrons move

through the filament per second.

The filament gets hotter, so the vibration of the lattice ions increases.

So there is a greater number of collisions per second between the

conduction electrons and the lattice ions, which increases the resistance.

From Figure 13, at 8.0 V:  I = 1.7 A

R = V / I = 8.0 ÷ 1.7 = 4.7 Ω
4.7
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Lamp (6.0 Ω) is in parallel with the whole of XY (25 Ω):

1/RT = 1/R1 + 1/R2 = 1/6.0 + 1/25

RT = (6.0 × 25) ÷ (6.0 + 25) = 4.84 Ω

4.84

P = V2 / R = 122 ÷ 4.84

P = 144 ÷ 4.84 = 29.8 W

30
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The first reason is correct but the second is not: Figure 14 gives a wider

range but is less efficient.

In Figure 14, XY is used as a potentiometer, so the lamp voltage can be

varied from 0 to 12 V, whereas in Figure 12 the minimum is 0.75 V, so

voltages between 0 and 0.75 V cannot be reached.

In Figure 14 there is always 12 V across the resistance wire, so for any

voltage across the lamp there is always more current drawn from the

battery and more power is wasted heating the resistor than in Figure 12

(where only the remaining part of the 12 V is across the resistor), so

Figure 14 is less efficient.
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