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Total energy supplied: E = Pt = 12 × 890 = 10 680 J

Energy to vaporise the nitrogen at its boiling point:

Q = ml = 0.050 × 2.0 × 105 = 10 000 J

Energy used to heat the liquid from 70 K to 77 K:

10 680 − 10 000 = 680 J

Q = mcΔθ  so  c = Q / (mΔθ)

c = (10 680 − 10 000) / (0.050 × (77 − 70))

c = 680 / 0.35 = 1940 J kg-1 K-1

c ≈ 1.9 × 103 J kg-1 K-1

1.9 × 103 J kg-1 K-1
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X = 1.3 × 103 J is less than Y = 1.0 × 104 J, so X < Y: Y is greater.

Volume = m / ρ

Volume of nitrogen gas = 0.050 / 3.8 = 0.013 m3

Volume of liquid nitrogen = 0.050 / 810 = 6.2 × 10-5 m3

(the volume of the liquid is negligible compared with the gas)

ΔV = 0.013 − 0.000062 ≈ 0.013 m3

Work done in expanding, X = pΔV

X = 1.0 × 105 × 0.013 = 1.3 × 103 J

Energy to change state, Y = ml = 0.050 × 2.0 × 105

Y = 1.0 × 104 J
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It is the sum (total) of the randomly distributed kinetic and potential

energies of all the particles (molecules) in the gas.

Gas laws: absolute zero is the temperature at which the pressure (or

volume) of a gas extrapolates to zero, i.e. when pV = nRT is zero.

Kinetic energy: absolute zero is the temperature at which the random

motion of the particles stops, so the kinetic energy of the particles is

zero.

stemup.co.uk

https://stemup.co.uk


They are the same: at the same temperature both gases have the same

mean (average) kinetic energy per atom (3kT/2).

The atoms move randomly and collide with the piston (walls) and

rebound, so their momentum changes at each collision.

By Newton's second law the piston exerts a force on each atom equal

to the rate of change of momentum, so the atoms exert an equal and

opposite force on the piston (Newton's third law).

Mass of argon atom m = molar mass / NA

m = 4.0 × 10-2 / 6.02 × 1023 = 6.64 × 10-26 kg

½ m(crms)2 = 3kT/2  so  crms = √(3kT / m)

crms = √(3 × 1.38 × 10-23 × 310 / 6.64 × 10-26)

crms = √(1.93 × 105) = 440 m s-1

440
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Many atoms collide per second, giving a steady total force on the piston,

and pressure = force / area (p = F/A) of the piston.

Change 1: increase the volume (move the piston out). The atoms travel

further between collisions, so there is more time between collisions with

the piston/walls (less frequent collisions), so the rate of change of

momentum, the force, and so the pressure fall.

Change 2: reduce the temperature. The atoms move more slowly, so

each collision causes a smaller change in momentum at the wall, and

there are also fewer collisions per second, so the rate of change of

momentum and the pressure fall.
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The work done (energy required) per unit mass in bringing a small mass

from infinity to that point.

The potential difference between neighbouring surfaces is constant (0.30

× 106 J kg-1) but the distances between them are not equal (0.35 and

0.48 × 106 m), so ΔV/Δr (the field strength) is changing. The surfaces

are also curved, not straight and parallel.
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V = −GM / r  so  M = −Vr / G

M = −(−1.60 × 106) × 3.06 × 106 / 6.67 × 10-11

M = 7.3 × 1022 kg

For escape:  GMm / r = ½ mv2  so  v = √(2GM / r)

v = √(2 × 6.67 × 10-11 × 7.34 × 1022 / 1.74 × 106)

v = √(5.63 × 106) = 2370 m s-1

escape velocity ≈ 2.4 × 103 m s-1

2.4 × 103
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tension T

weight W = mg

electrostatic

force F
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Problem: a metal ruler held between the spheres would conduct and

disturb the charges/field, and touching the spheres would change their

separation.

Solution: measure d from a distance with a travelling microscope

(telescope) on a vernier scale, or use non-conducting (plastic) callipers

with a ruler, aligned with the line joining the centres.

C = 4πε0r = 4π × 8.85 × 10-12 × 0.020

C = 2.22 × 10-12 F

V = Q / C = 52 × 10-9 / 2.22 × 10-12

V = 23 400 V ≈ 2.3 × 104 V

2.3 × 104
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The calculated angle is 6.9°, which is very close to 7°, so the

measurement is consistent with the other data.

The charge acts as if at the centre of each sphere, so the

separation of the charges r = 40 + 20 + 20 = 80 mm = 0.080 m

F = Q1Q2 / 4πε0r2

F = (52 × 10-9)2 / (4π × 8.85 × 10-12 × 0.0802)

F = 3.8 × 10-3 N  ≈ 4 × 10-3 N

In equilibrium:  tan θ = F / mg

θ = tan-1(3.8 × 10-3 / (3.2 × 10-3 × 9.81)) = 6.9°
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Fgrav = 1.1 × 10-13 N is negligible compared with Felec, so the statement

is valid.

Fgrav = GMm / r2

Fgrav = 6.67 × 10-11 × (3.2 × 10-3)2 / 0.0802

Fgrav = 1.1 × 10-13 N

Felec ≈ 4 × 10-3 N

Felec / Fgrav ≈ 3.6 × 1010
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Maximum flux linkage NΦ = BAN  (coil normal parallel to B)

N = NΦ / BA

N = 1.5 × 10-3 / (2.5 × 10-2 × 5.0 × 10-4)

N = 120 turns

120

NΦ = BAN cos θ = 1.5 × 10-3 × cos 30°

NΦ = 1.3 × 10-3 Wb turns

1.3 × 10-3
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T = 0.25 s  so  ω = 2π / T = 2π / 0.25 = 25.1 rad s-1  (f = 4.0 Hz)

Peak emf = BANω = 1.5 × 10-3 × 2π / 0.25 = 0.0377 V

0.038
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Slow (thermal) neutrons are much more likely to be absorbed by U-235

nuclei in the fuel, so slowing them increases the probability (chance) of

fission.

After each collision E = (1 − 0.63)Ebefore = 0.37 Ebefore

After five collisions E5 = (0.37)5 × E0

E5 = 0.375 × 2.0 × 106 eV

E5 = 1.39 × 104 eV ≈ 1.4 × 104 eV

1.4 × 104
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In a collision, the fraction of kinetic energy (momentum) the neutron

loses depends on the masses of the two particles: the neutron loses

most energy when the moderator nucleus has a mass close to the

neutron's mass.

As the nucleon number of the moderator atoms increases, less energy is

lost per collision, so more collisions are required.
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Mass difference = (mU + mn) − (mXe + mSr + 4mn)

= (235.044 + 1.0087) − (141.930 + 89.908 + 4 × 1.0087)

= 236.0527 − 235.8728

= 0.180 u

Energy released = 0.180 × 931.5

= 168 MeV

168
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Very little greenhouse gas (CO2) is emitted, so it contributes less to

global warming / climate change.

A small mass of fuel produces a very large amount of energy, so little

fuel is used and the air is cleaner.

Power is produced continuously (reliably), unlike renewables that

depend on sunlight or wind.
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