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All three isotopes are hydrogen, so their nuclei have the same charge

(one proton, +1e).

The other two isotopes (hydrogen-1 and hydrogen-2) have fewer

neutrons, so fewer nucleons and a smaller mass, so their charge/mass

ratio is greater.

specific charge = charge / mass

charge of nucleus = +1e = 1.60 × 10-19 C

mass = 3 nucleons = 3 × 1.67 × 10-27 = 5.01 × 10-27 kg

specific charge = 1.60 × 10-19 / 5.01 × 10-27

specific charge = 3.19 × 107 C kg-1

3.19 × 107
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Strong interaction, so strangeness is conserved. K− = s + anti-u (S =

−1), π+ = u + anti-d (S = 0).

Strangeness: 0 + 0 → (−1) + 0 + S, so K0 has S = +1: it has an

anti-strange quark.

K0 is neutral (charge conserved), so the other quark is d.

Charge must be conserved: +1 → (+1) + 0, so A must be a positive

lepton: a positron.

Lepton number must be conserved: 0 → (−1) + (+1), so B has Le = +1

and no charge: an electron neutrino.

d s

positron (e+)

electron neutrino (νe)
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sin θc = n2 / n1

n2 = n1 sin θc = 1.51 × sin 80.7°

n2 = 1.51 × 0.987 = 1.490

1.49
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n1 sin θ1 = n2 sin θ2

1.00 × sin θA = 1.51 × sin 9.3°

sin θA = 1.51 × 0.1616 = 0.244

θA = 14.1°

14
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speed in core: v = c / n = 3.00 × 108 / 1.51 = 1.99 × 108 m s-1

path between reflections = 2.5 mm / sin 9.0° = 15.98 mm

(from the centre to the first reflection = 7.99 mm)

total distance = 3.1 × 104 × 15.98 × 10-3 m = 495 m

time = distance / speed = 495 / 1.99 × 108

time = 2.49 × 10-6 s

2.5 × 10-6
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energy absorbed by atom = 16.64 − 5.92 = 10.72 × 10-19 J

Ek of electron after = 13.10 − 10.72 = 2.38 × 10-19 J

Ek = ½mv2:  v = √(2 × 2.38 × 10-19 / 9.11 × 10-31)

v = 7.23 × 105 m s-1

λ = h / mv = 6.63 × 10-34 / (9.11 × 10-31 × 7.23 × 105)

λ = 1.01 × 10-9 m

1.01 × 10-9
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E = hf and c = fλ, so E = hc / λ and λ = hc / E

λ = (6.63 × 10-34 × 3.00 × 108) / 7.83 × 10-19

λ = 2.54 × 10-7 m = 254 nm

254

power converted to UV = 0.82 × 18 = 14.76 W (14.76 J per second)

number per second = 14.76 / 7.83 × 10-19

= 1.89 × 1019

1.9 × 1019
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UV photons emitted by the mercury atoms are absorbed by atoms in

the coating.

Each absorbed photon excites an electron in a coating atom to a higher

energy level. The electron then de-excites, returning to lower levels and

emitting a photon each time it drops, often in several steps via

intermediate levels.

The energy level differences in the coating are smaller than the UV

transition energy in mercury, so the emitted photons have less energy,

lower frequency and longer wavelength: visible light.

There are many different possible transitions in the coating, giving

photons of many wavelengths across the visible spectrum, which

together appear as white light.

Since the electron returns in several steps, one UV photon absorbed can

produce several lower-energy visible photons, so many more visible

photons than UV photons are emitted.
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For a body in equilibrium, the sum of the clockwise moments about any

point is equal to the sum of the anticlockwise moments about the same

point.
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Take moments about the line of action of W:

distance from 97 N force to W = 85 − 12 = 73 cm

anticlockwise moment = clockwise moment

97 × 73 = R × 12

R = 97 × 73 / 12 = 590 N

590
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The perpendicular distance between the line of action of W and the

centre of the back wheels has decreased (the trolley is tilted).

R1 is the same as 97 N: its magnitude does not change.

Still in equilibrium, so about the back wheel the clockwise moment of

R1 equals the anticlockwise moment of W.

Tilting decreases the perpendicular distances from the back wheel to the

lines of action of both R1 and W, by the same factor, so R1 has the

same magnitude.
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W = mg = 850 × 9.81 = 8340 N

vertically: 2T cos 37.5° = 8340, so T = 5260 N

E = TL / AΔL, so ΔL = TL / AE

ΔL = (5260 × 2.0) / (1.4 × 10-4 × 2.1 × 1011)

ΔL = 3.58 × 10-4 m

3.6 × 10-4
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Δh = area under graph from 0 to 1.5 s

Δh = ½ × 1.5 × 1.7 = 1.275 m

ΔEp = mgΔh = 850 × 9.81 × 1.275

ΔEp = 1.06 × 104 J

1.1 × 104
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In the last 2.0 s: a = Δv / Δt = (0 − 1.7) / 2.0 = −0.85 m s-2

(deceleration of 0.85 m s-2, so resultant force is downwards)

F = ma:  mg − T = m × 0.85

T = 850 × 9.81 − 850 × 0.85 = 8340 − 723

T = 7620 N

7600

stemup.co.uk

https://stemup.co.uk


The object leaves the lift moving at 1.7 m s-1 upwards.

Taking downwards as positive: u = −1.7 m s-1, a = 9.81 m s-2, s = 5.5 m

v2 = u2 + 2as = (−1.7)2 + 2 × 9.81 × 5.5

v2 = 2.89 + 107.9 = 110.8

v = 10.5 m s-1 (downwards)

11 (downwards)
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Method: connect thermistor T in series with an ammeter (milliammeter)

and a variable resistor, with a voltmeter connected in parallel across T,

as in the circuit above.

Adjust the variable resistor to vary the current through T in steps from

0 to 9 mA. For each setting, wait for the readings to settle, then

record the current I on the ammeter and the pd V across T on the

voltmeter. Repeat and plot V against I.

A

V

variable resistor

T

supply
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Behaviour: from 0 to about 1 mA the graph is a straight line through

the origin, so V/I is constant and the resistance of T is constant (about

2.8 kΩ).

Above about 1 mA, V increases by less than in proportion to I, so the

resistance R = V/I decreases as the current increases.

After the peak at about 2 mA, V falls as I increases, so the resistance

decreases rapidly at greater currents (at 9 mA, R = 2.35 / 0.009 ≈ 260

Ω).

Explanation: at small currents the power dissipated in T (P = VI) is

very small, so the temperature of T stays constant and T behaves as an

ohmic conductor with constant resistance.

As the current increases, the heating effect of the current increases, so

T warms up and its temperature rises.

T is an NTC thermistor: as its temperature increases, more charge

carriers (electrons) are released, so its resistance decreases.

A greater current causes more heating and a higher temperature, so the

resistance keeps decreasing, which is why the pd across T falls at the

higher currents.
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From Figure 9, at I = 1.0 mA, V across T = 2.8 V

pd across R = 10.0 − 2.8 = 7.2 V

same current in R (series): R = V / I

R = 7.2 / 1.0 × 10-3

R = 7200 Ω

7200
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The threshold frequency is the minimum frequency of the incident

radiation (photons) needed for photoelectrons to be emitted from the

surface of the metal.

Below this frequency no electrons are emitted, however intense the

radiation.

eVs = Ek(max)

Vs = 5.47 × 10-19 / 1.60 × 10-19 = 3.42 V

3.42

f = 1710 THz = 1.71 × 1015 Hz

hf = φ + Ek(max),  so φ = hf − Ek(max)

φ = 6.63 × 10-34 × 1.71 × 1015 − 5.47 × 10-19

φ = 1.134 × 10-18 − 5.47 × 10-19 = 5.87 × 10-19 J

5.87 × 10-19
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Both lines are parallel to the magnesium line (same gradient), because

the gradient equals the Planck constant h, which is the same for all

metals.

The intercept on the Ek(max) axis is −φ, so a larger work function gives

a higher threshold frequency: X cuts the f axis to the right of

magnesium and Y cuts it to the left (but above 0).

X

Y
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