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Charge:  (+1) + (+1) = (+1) + Q,  so Q = +1

Baryon number:  0 + 1 = 0 + B,  so B = +1

Strangeness:  0 + 0 = (+1) + S,  so S = −1

X has relative charge +1, baryon number +1, strangeness −1
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X has strangeness −1, but the neutron and the pion both have

strangeness 0, so strangeness changes from −1 to 0 in the decay.

Strangeness can only change in weak interactions, so this must be a

weak interaction.

The only particles remaining are electrons, positrons, neutrinos and

antineutrinos, which are leptons and are stable.

The other particle is a proton, which is the only stable baryon, so it

does not decay.

n  →  p  +  e−  +  νe

(proton, electron (β−) and electron antineutrino)
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The photoelectric effect involves the ejection (emission) of electrons

from the plate, and electrons are negatively charged.

Any electrons ejected from a positive plate will only make the positive

charge greater (and they are attracted back by it), so the plate does

not lose its charge.

Threshold frequency: keep the metal the same and vary the light

source, e.g. use zinc (work function 4.3 eV) with light sources 1 and

3.

Source 1 photons have energy 4.0 eV, less than the work function of

zinc, so (from E = hf) their frequency is below the threshold

frequency and no electrons are emitted: no charge is lost with source

1.
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Source 3 photons have energy 5.0 eV, greater than the work function, so

their frequency is above the threshold frequency and photoelectrons are

emitted: the plate loses its charge with source 3.

This shows emission only happens when the frequency is above the

threshold frequency. (Sources 1 and 3 work with any of the three

metals, since 4.0 eV is below and 5.0 eV is above all three work

functions.)

Work function: keep the light source the same and vary the metal. Use

light source 2 (photon energy 4.4 eV) with each metal in turn.

The zinc plate loses its charge because 4.4 eV is greater than its work

function (4.3 eV), but iron (4.5 eV) and copper (4.7 eV) do not lose

their charge because the photon energy is less than their work functions.

This shows the work function is the minimum energy needed to remove

an electron from the metal surface, and that it is different for different

metals, so each metal has its own threshold frequency (f0 = φ/h).

Light source 2 should be used for this because the other two sources

would cause either all three metals to lose their charge (source 3) or

none of the metals to lose their charge (source 1).
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The work function is the minimum energy needed to remove an

electron from the zinc surface, so only surface electrons get the

maximum KE; deeper electrons leave with less.

φ = 4.3 × 1.6 × 10−19 = 6.88 × 10−19 J
hf = 6.63 × 10−34 × 1.2 × 1015 = 7.96 × 10−19 J
hf = φ + Ek(max)  so  Ek(max) = hf − φ
Ek(max) = 7.96 × 10−19 − 6.88 × 10−19 = 1.08 × 10−19 J

1.1 × 10−19
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Initially the path difference is zero, so the two waves meet at Y in

phase and the resultant displacement (loudness) is a maximum.

As the tube is pulled out the path difference increases, the waves are

no longer in phase, so the displacement and loudness decrease.

At a path difference of half a wavelength the waves are in antiphase

and the sound is quietest. As it increases further, the waves become

more in phase and the sound gets louder again.
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Start with d1 = d2 (sound loudest at Y). Pull the movable tube out

slowly and use a ruler to measure the distance moved by the tube at

each successive minimum and maximum of loudness.

Each change in distance between a maximum and the next minimum is

equal to one quarter of a wavelength (the path difference changes by

λ/2).

Continue until the tube is at its greatest distance, or repeat readings for

decreasing distance back to the start, and average to find λ.

Then use speed = frequency × wavelength (v = fλ).

λ = v / f = 340 / 800 = 0.425 m

quietest when path difference = λ/2 = 0.2125 m

path difference = 2(d2 − d1) = 2 × (distance moved by tube)

distance moved = 0.2125 / 2 = 0.106 m

0.106
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m = 16 g = 0.016 kg,   r = 8 mm = 0.008 m
V = 4/3 πr3 = 4/3 × π × (0.008)3 = 2.14 × 10−6 m3

ρ = m / V = 0.016 / 2.14 × 10−6

ρ = 7.46 × 103 kg m−3

7.5 × 103

v2 = u2 + 2as = 0 + 2 × 9.81 × 1.27 = 24.9

v = √24.9 = 4.99 m s−1

5.0
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Impact time can be increased if the plinth material is not stiff (it

deforms on impact).

A longer impact time for the same change in momentum (smaller rate

of change of momentum) would reduce the force of the impact.

v2 = u2 + 2as  (ball rises to 0.85 m, final v = 0)
0 = u2 + 2 × (−9.81) × 0.85
u2 = 16.7,   u = 4.08 m s−1

4.1

velocity reverses, so Δp = mv − (−mu) = mv + mu
Δp = 0.016 × 5.0 + 0.016 × 4.1
Δp = 0.146 kg m s−1

0.15

F = Δp / Δt = 0.146 / (40 × 10−3)

F = 3.64 N

3.6
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A combination of resistors in series connected across a voltage source,

which splits the source pd to produce a required pd across one of

them.

stemup.co.uk

https://stemup.co.uk


The voltmeter reading decreases.

When R increases, R takes a larger share of the supply pd, so the pd

across R increases.

The pd across R + the pd across T = the supply pd (constant, as

internal resistance is negligible), so the pd across T, the voltmeter

reading, decreases.

The ammeter reading increases. At a higher temperature the resistance of

T is lower, so the total circuit resistance is lower and the current

increases.

alarm sounds when pd across T = 3.0 V,  RT = 2500 Ω

I = V / R = 3.0 / 2500 = 1.2 × 10−3 A

pd across R = 12.0 − 3.0 = 9.0 V

R = V / I = 9.0 / 1.2 × 10−3 = 7500 Ω

7500
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Connect the alarm across the variable resistor R instead of across the

thermistor T.
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E = tensile stress / tensile strain

stress = E × strain = 2.0 × 1011 × 3.0 × 10−4 = 6.0 × 107 Pa

stress = F / A,  so  F = stress × A = 6.0 × 107 × 7.5 × 10−3

F = 4.5 × 105 N

4.5 × 105

strain = extension / original length
extension = 3.0 × 10−4 × 45 = 1.35 × 10−2 m
energy = ½ × F × extension = ½ × 4.5 × 105 × 1.35 × 10−2

energy stored = 3.04 × 103 J

3.04 × 103

stemup.co.uk

https://stemup.co.uk


So that the rail is not always under stress (to reduce the average

stress), as the rail spends little time at the highest temperature.

Then zero stress occurs closer to the average temperature: the rail is

under tensile or compressive stress at different times.

temperature change = pre-strain / pre-strain per K
= 3.0 × 10−4 / 2.5 × 10−5 = 12 K
temperature = 8 °C + 12 = 20 °C

20

stemup.co.uk

https://stemup.co.uk

