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The momentum of the air increases (its speed increases, so mv

increases).

The momentum of the air increases, so by Newton's second law

there must be a resultant force acting on the air (force = rate of

change of momentum), and this force acts backwards on the air, in

the direction it is accelerated.

By Newton's third law, the air exerts a force on the engine that is

equal in magnitude (same size) but opposite in direction, so the

force on the engine is in the forward direction.
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Momentum is a vector, so it has direction as well as magnitude.

The deflector plates change the direction in which the air is

travelling, so even though its speed is the same, its velocity and

therefore its momentum change.

F = Δ(mv)/Δt = (210 × 570)/1

F = 119 700 N

1.2 × 105
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As the aircraft slows down, the rate of intake of air into the

engines decreases, so a smaller mass (volume) of air passes through

the engines per second.

So the rate of change of momentum of the air is smaller, which

means the decelerating force is smaller (also, air resistance

decreases as the speed of the aircraft decreases).

F = ma,  so  a = F/m = 190 000 / 7.0 × 104

a = 2.71 m s-2

2.7

v2 = u2 + 2as,   with v = 0, u = 68 m s-1, a = −2.7 m s-2

0 = 682 − 2 × 2.7 × s

s = 682 / (2 × 2.7) = 4624 / 5.4 = 856 m

860 (856)
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The microwaves from the transmitter are reflected from the (metal)

oven walls.

The reflected waves superpose (interfere) with the incident waves

travelling in the opposite direction, which have the same frequency,

forming a stationary wave with nodes and antinodes.
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The chocolate melts at the antinodes, where the amplitude of the

stationary wave and so the energy is a maximum.

At the nodes in between, the amplitude is zero, so little energy is

transferred and the chocolate does not melt.

So that the positions of the antinodes (maximum energy) in the

food continually change, so the food is heated evenly and not just

at fixed hot spots.

118 mm

Distance from 1st to 3rd antinode = 118 mm = 0.118 m

Adjacent antinodes are λ/2 apart, so 1st to 3rd = λ, so λ = 0.118 m

f = c/λ = 3.0 × 108 / 0.118 = 2.54 × 109 Hz

2.5 × 109
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The force applied per unit cross-sectional area, stress =

F/A.

The extension per unit original length, strain = ΔL/L.

A is brittle

The graph is a straight line (linear) all the way up to the

breaking stress, so A shows no plastic behaviour before it breaks.
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Lift cable: B is the most suitable. It has the highest breaking

stress, so it can support the large weight of the lift without

breaking, and it has a high Young modulus (steep gradient), so it is

stiff and the cable stretches very little when loaded.

A is rejected because it has a lower breaking stress and it is

brittle, so it would fail suddenly without warning. C is rejected

because it has a lower breaking stress than B and it undergoes

large plastic deformation, so the cable would stretch permanently

and not return to its original length. D is rejected because it has a

A = πd2/4 = π × (1.5 × 10-4)2 / 4 = 1.77 × 10-8 m2

F = stress × A = 1.3 × 109 × 1.77 × 10-8

F = 23 N

23

stemup.co.uk

https://stemup.co.uk


very low breaking stress and a large strain for a given stress, so

the cable would stretch a lot and the lift would bounce.

Bungee rope: D is the most suitable. It has a low Young modulus,

so a given stress produces a large strain, meaning a large extension.

This makes the time taken for the person to come to rest longer,

so the deceleration and the force on the person are smaller. The

large extension (large area under the graph) means D can store a

large amount of energy before failure. (The rope must be thick

enough that the stress stays below D's breaking stress.)

A, B and C are rejected because they all have a high Young

modulus, so the rope would extend very little and the person would

be stopped suddenly, resulting in very large forces. A is also brittle,

so it has a limited strain and fails suddenly. C requires a large

strain before it behaves plastically, and if it did behave plastically it

would not return to its original length, so it could not be reused

safely.

stemup.co.uk

https://stemup.co.uk


R = ρL/A,  so  A = ρL/R

A = 9.7 × 10-8 × 0.50 / 0.070 = 6.93 × 10-7 m2

A = πd2/4,  so  d = √(4A/π)

d = √(4 × 6.93 × 10-7 / π) = 9.39 × 10-4 m

9.4 × 10-4
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R = V/I = 1.5 / 0.66 = 2.27 Ω

2.3

Lower branch: R = 22 + 1.2 = 23.2 Ω, pd across branch = 1.5 V

I = V/R = 1.5 / 23.2 = 0.0647 A

0.065
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Lost volts reduce the terminal pd and current, but the resistors do

not change, so the ratio of resistances (and pds) in each arm is

constant. The pd between A and B is very small as the ratios are

nearly equal, so any change is too small for the voltmeter to detect,

and its very high resistance means it does not affect the circuit.

Current in R1 = 0.66 − 0.0647 = 0.595 A

Resistance of R1 + probe = 1.5 / 0.595 = 2.52 Ω

Resistance of probe = 2.52 − 2.4 = 0.12 Ω

0.12

R = ρL/A, so R ∝ 1/A: R up by 1.6% so area down by 1.6%

A ∝ d2, so diameter decreases by 1.6/2 = 0.8%

−0.8 (decrease)
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Electromagnetic radiation consists of photons, each with energy E =

hf, and one electron absorbs one photon.

An electron is only emitted if the energy of the photon is greater

than (or equal to) the work function of the surface, so the

frequency must be above the threshold frequency.

Only then are electrons emitted, giving a current.

The current increases (becomes greater).

Increased intensity means more photons are incident per second, so

more electrons are emitted per second.
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hf = φ + Ek(max)

φ = 2.1 × 1.6 × 10-19 = 3.36 × 10-19 J

hf = 6.63 × 10-34 × 7.23 × 1014 = 4.79 × 10-19 J

Ek(max) = 4.79 × 10-19 − 3.36 × 10-19 = 1.43 × 10-19 J

1.43 × 10-19
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The stopping potential would be greater (increase).

Increasing the frequency increases the energy of the photons, since

E = hf, while the work function stays the same.

So the maximum kinetic energy of the photoelectrons is greater, and

a larger pd is needed to stop them (eVs = Ek(max)).

eVs = Ek(max)

Vs = 1.43 × 10-19 / 1.6 × 10-19 = 0.89 V

0.89
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Atoms (nuclei) of the same element with the same number of

protons (same atomic number) but different numbers of neutrons

(different mass number).

Momentum must be conserved. The total momentum of the helium

and anti-helium nuclei before the collision is (approximately) zero.

A single photon would carry momentum away in one direction, so

the total momentum would not be zero. So two photons are needed,

travelling in opposite directions with equal and opposite momenta.
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Total rest energy = 2 × 3728 = 7456 MeV

= 7456 × 106 × 1.6 × 10-19 = 1.193 × 10-9 J

Energy of each photon = 1.193 × 10-9 / 2 = 5.97 × 10-10 J

E = hf,  f = 5.97 × 10-10 / 6.63 × 10-34 = 9.00 × 1023 Hz

9.00 × 1023

0
+1 e νe
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