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Specific latent heat of fusion is the energy required to change 1 kg

(unit mass) of a substance from the solid state to the liquid state (to

melt it), without any change in temperature (at its melting point).
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At higher speeds the pump does more work on the water (per second),

against friction / viscous forces.

This work adds to the internal energy of the water as well as the heat

from the heater (ΔU = Q + W), so the molecules gain more random

kinetic energy and the temperature rises more.

Energy supplied in 1.0 hour: Q = Pt = 2700 × (60 × 60) = 9.72 × 106 J

Mass of water: m = ρV = 1000 × 4.5 = 4500 kg

Q = mcΔθ  so  Δθ = Q / mc

Δθ = 2700 × (60 × 60) / (4500 × 4200)

Δθ = 0.514 K

0.51
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The electric field strength at a point is the force per unit charge acting

on a small positive (test) charge placed at that point (E = F / Q).

At P the field strength due to Q equals the field strength due to
the +46 μC charge (they act in opposite directions):

Q / (4πε0 × 0.0662) = 46 × 10-6 / (4πε0 × 0.0542)

Q = 46 × 10-6 × (0.066 / 0.054)2

Q = +6.87 × 10-5 C

+6.9 × 10-5
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Yes, net work must be done on the proton. Both charges are positive,

so the potential at P is positive (the sum of two positive potentials),

while the potential at infinity is zero.

The proton is positive, so work must be done on it against the repulsive

forces from both charges (like charges repel), increasing its electric

potential energy.
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When the thread breaks, two constant forces act on the ball: its weight

vertically downwards and a horizontal electric force away from the wall

(repulsion from the positive wall).

The resultant force is constant, so the ball moves from rest with a

constant acceleration in a straight line at 30° to the vertical, away from

the wall (along the line of the thread).
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The capacitor stores 370 μC of charge for every 1 volt of potential

difference across its plates (the ratio of charge to pd is 370 × 10-6 C

V-1).

Time constant = RC  so  R = 1.0 / (370 × 10-6)

R = 2.70 × 103 Ω

2.7 × 103
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V = V0(1 − e−t/RC) = 9.8 × (1 − e−2.0/1.0) = 8.5 V

X

Current halves in one half-life: T½ = 0.69RC

T½ = 0.69 × 1.0 = 0.69 s

0.69
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Q = Q0(1 − e−t/RC)

Q0 = CV0 = 370 × 10-6 × 9.8 = 3.63 × 10-3 C

3.0 × 10-3 = 370 × 10-6 × 9.8 × (1 − e−t/1.0)

0.827 = 1 − e−t   so   e−t = 0.173,   et = 5.79

t = ln 5.79 = 1.76 s

1.8
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The direction of the induced emf is such that it tends to oppose the

change (in magnetic flux linkage) that is producing it.

The ammeter shows a current (a deflection) while the magnet is

moving towards the coil, and the reading then falls to zero when the

magnet stops moving.

A current from E to F means the induced current makes the right-hand

end of the coil (nearest the magnet) a north pole.

The two north poles repel each other, so the induced current opposes

the motion of the magnet towards the coil, i.e. it opposes the change

producing it, as Lenz's law states.
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ε = ΔΦ / Δt = BA / t   so   t = BA / ε

t = 0.38 × 0.0322 / 2.9 × 10-4 = 3.89 × 10-4 / 2.9 × 10-4

t = 1.34 s

1.34
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εmax = BANω  so  ω = εmax / BAN = 5.1 × 10-3 / (0.38 × 0.0322 × 1)
ω = 5.1 × 10-3 / 3.89 × 10-4 = 13.1 rad s-1

13.1
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Gamma radiation, because it is the most penetrating, so it can pass

through the packaging and reach all sides of the instruments (they can

be sterilised already sealed).

The radiation only affects (ionises) the outer electrons of the atoms; it

does not affect the nucleus, so the instruments cannot become

radioactive.
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If the inverse-square law (I = k / d2) applied, count rate × d2 would

be constant.

But count rate × d2 falls from 361 to 349 to 242, so it is not

constant and the data do not follow an inverse-square law.

d2 / m2 count rate × d2

/ counts min-1 m2

0.040 361

0.25 349
1.00 242
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The source is not a point source, so d is not the real distance

between the source and the detector (the source is inside its holder).

The G-M tube has a dead time, so at the higher count rates

(small d) some counts are missed.
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Use more water: start with a greater depth of water in the same

cylindrical tube (the half-life stays the same).

Close the tap more (partly), so the water flows out more slowly and

the depth decreases more slowly (a longer half-life).

Depth halves every 19 s (16.0 cm to 8.0 cm in 19 s)

57 s = 3 × 19 s: 16 → 8 → 4 → 2 cm
2.0

T½ = ln 2 / λ = 0.693 / 1.42 × 10-11

T½ = 4.88 × 1010 years

4.88 × 1010
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Mass ∝ number of nuclei, so m = m0e−λt  and  m0 = m eλt

λt = 1.42 × 10-11 × 4.47 × 109 = 0.0635

m0 = 1.23 × 10-3 × e0.0635

m0 = 1.31 × 10-3 g  (3 s.f.)

1.31 × 10-3

N = mass / 87u = 1.23 × 10-6 / (87 × 1.661 × 10-27) = 8.51 × 1018

λ = 1.42 × 10-11 / (365 × 24 × 60 × 60) = 4.50 × 10-19 s-1

A = λN = 4.50 × 10-19 × 8.51 × 1018

A = 3.83 Bq

3.8 Bq
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The strong nuclear force acts between all nucleons (protons and

neutrons). It is attractive up to a range of about 3 fm, so it is very

short range and each nucleon only attracts its nearest neighbours.

Below about 0.5 fm the strong nuclear force is repulsive, which stops

the nucleus collapsing.

The electrostatic (electromagnetic) force is repulsive and acts only

between protons. It has an infinite (long) range, so each proton repels

every other proton across the whole nucleus, and the total repulsion

increases greatly as the proton number increases.

So a large nucleus such as lead needs extra neutrons: they add to the

strong nuclear attraction holding the nucleus together without adding any

electrostatic repulsion. Having fewer protons than neutrons reduces the

repulsion, so the nucleus is stable.

205
82 Pb + 0

−1 e → 205
81 Tl + νe
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An electron in an outer shell of the thallium atom falls to fill

the vacancy left in an inner shell by the captured electron, releasing its

energy as an electromagnetic photon (X-ray). This originates in the

electron shells of the atom.

The thallium nucleus is formed in an excited state, so the

excited nucleus de-excites to its ground state by emitting a gamma ray

photon. This originates in the nucleus.

Technetium-99m emits only gamma rays, which can penetrate out of

(escape from) the body to be detected, and are weakly ionising so they

cause less damage to the body than other radiations.

Its half-life (about 6 hours) is long enough to complete the diagnosis

but short enough that it does not remain in the body for too long. It

can also be prepared at the hospital.
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