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The energy transferred breaks some of the bonds between atoms, so the

atoms can move their centre of vibration: the regular crystalline solid

becomes an amorphous liquid.

The mean kinetic energy of the atoms remains constant (the

temperature does not change).

The mean potential energy of the atoms increases.

The mean speed (mean kinetic energy) of the atoms increases as the

temperature rises.
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Liquid: from 11.2 min (28 °C) to 14.8 min (110 °C)

ΔQ = PΔt  and  ΔQ = mcΔθ,  so  c = PΔt / mΔθ

c = 35 × (14.8 − 11.2) × 60 / (0.25 × (110 − 28))

c = 7560 / 20.5 = 369 J kg−1 K−1

370 J kg−1 K−1

Melting from 1.8 min to 11.2 min:  ΔQ = PΔt = ml

l = PΔt / m = 35 × (11.2 − 1.8) × 60 / 0.25

l = 7.9 × 104 J kg−1 = 79 kJ kg−1, closest to gallium (80)

gallium
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The gravitational force provides the centripetal force:

GMm / r2 = mω2r

ω = 2π / T,  so  ω2 = 4π2 / T2

GM / r2 = r × 4π2 / T2

T2 = (4π2 / GM) r3

Comparing with T2 = kr3:   k = 4π2 / GM
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T2 ∝ r3,  so  rU3 / rM3 = TU
2 / TM

2

rU = rM × (TU / TM)2/3

rU = 1.29 × 108 × (4.14 / 1.41)2/3

rU = 1.29 × 108 × 2.05 = 2.65 × 108 m

2.65 × 108

TM = 1.41 × 24 × 3600 = 1.22 × 105 s

T2 = (4π2 / GM) r3,  so  M = 4π2r3 / GT2

M = 4π2 × (1.29 × 108)3 / (6.67 × 10−11 × (1.22 × 105)2)

M = 8.47 × 1025 / 0.990

M = 8.56 × 1025 kg

8.56 × 1025
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Titania has the largest M / d, so Titania has the greatest escape

velocity (768 m s−1).

Escape: ½mv2 = GMm / r  with  r = d / 2

v = √(2GM / r) = √(4GM / d),  so v depends on M / d

Ariel:  M / d = 1.27 × 1021 / 1.16 × 106 = 1.09 × 1015 kg m−1

            v = √(4 × 6.67 × 10−11 × 1.09 × 1015) = 540 m s−1

Oberon:  M / d = 3.03 × 1021 / 1.52 × 106 = 1.99 × 1015 kg m−1

            v = √(4 × 6.67 × 10−11 × 1.99 × 1015) = 729 m s−1

Titania:  M / d = 3.49 × 1021 / 1.58 × 106 = 2.21 × 1015 kg m−1

            v = √(4 × 6.67 × 10−11 × 2.21 × 1015) = 768 m s−1
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The maximum height on Ariel is about 39 m, which is less than 100 m,

so the mechanism could not project the object higher than 100 m.

On Ariel:  g = GM / r2 = 6.67 × 10−11 × 1.27 × 1021 / (0.58 × 106)2

g = 0.25 m s−2

The spring gives the object the same energy, so mgh is the same:

(mgh)Earth = (mgh)Ariel:   9.81 × 1.0 = 0.25 × h

h = 9.81 / 0.25 = 39 m
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FM

FE
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Undeflected, so the electric and magnetic forces balance:

qE = Bqv,  so  E = vB

E = 1.5 × 105 × 0.12 = 1.8 × 104 V m−1

1.8 × 104
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The magnetic force provides the centripetal force:

F = Bqv = mv2 / r

so  r = mv / Bq

r = mv / Bq = 1.0 × 10−26 × 1.5 × 105 / (0.12 × 1.6 × 10−19)

r = 0.078 m

distance = 2r (diameter of the semicircle) = 0.156 m

0.16
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Ion starts at the mid-point, so it is accelerated through

half the p.d.:  V = 6000 / 2 = 3000 V

Work done by the field = gain in kinetic energy:  qV = ½mv2

v = √(2qV / m) = √(2 × 1.6 × 10−19 × 3000 / 1.2 × 10−26)

v = √(8.0 × 1010) = 2.8 × 105 m s−1

2.8 × 105
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Both ions have the same charge, so the work done on them by the

field (qV) is the same: they gain the same kinetic energy.

So the ion with the smaller mass (6Li+) has the greater speed and

therefore the smaller time interval to travel L.

Since ½mv2 = qV and t = L / v, t ∝ √m, so the mass ratio is the

square of the ratio of the time intervals.
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Vrms = Vpeak / √2 = 15 / √2

Vrms = 10.6 V

10.6
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10.6 V

Peak voltage 15 V corresponds to 3 divisions

y-voltage gain = 15 / 3 = 5 V div−1

5
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One period T = 8 divisions

T = 8 × 5.0 × 10−4 = 4.0 × 10−3 s

f = 1 / T = 1 / 4.0 × 10−3 = 250 Hz

250
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In one time constant the voltage across C falls to 1/e (37%) of its

initial value, from V = V0e−t/RC.

The discharge starts at V0 = 3.0 divisions, so I found where the trace

reaches 0.37 × 3.0 = 1.1 divisions: 0.75 divisions later.

Multiplying by the time-base: τ = 0.75 × 5.0 × 10−4 s ≈ 4 × 10−4 s.

Reduce the time-base setting (fewer seconds per division).

This stretches the trace horizontally (in the x-direction), so the

discharge covers more divisions. The reading uncertainty (about half a

small division) is then a smaller fraction of the measured time, so the

uncertainty in the time constant is reduced.

Discharge: V = V0e−t / RC; when t = RC, V = V0 / e = 0.37V0

V0 = 3.0 divisions (15 V) at the start of the discharge

0.37 × 3.0 = 1.1 divisions

Trace falls to 1.1 divisions 0.75 time divisions after discharge starts

τ = RC = 0.75 × 5.0 × 10−4 = 3.8 × 10−4 s

4 × 10−4
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Electromagnetic force
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1, 2 and 3 are above the nucleus and are deflected upwards, so it must

be one of 5 to 9, which are deflected downwards.

4 would be back-scattered (180°) and 7, 8 and 9 pass too far away, so

their deflection is too small.

5

Loss of KE = gain in electric potential energy = Qq / 4πε0r

Q = 79 × 1.6 × 10−19 C,   q = 2 × 1.6 × 10−19 C

Ep = 2 × 79 × (1.6 × 10−19)2 / (4π × 8.85 × 10−12 × 5.5 × 10−14)

Ep = 6.61 × 10−13 J

½mv2 = 6.61 × 10−13

v = √(2 × 6.61 × 10−13 / 6.8 × 10−27)

v = 1.4 × 107 m s−1

1.4 × 107
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Nucleons are incompressible: they are packed together with a constant

separation, so the volume of a nucleus is proportional to the number of

nucleons.

R = r0A1/3,  so  RAg / RAu = (AAg / AAu)1/3

RAg = 6.98 × 10−15 × (107 / 197)1/3

RAg = 6.98 × 10−15 × 0.816

RAg = 5.7 × 10−15 m

5.7 × 10−15
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A U-235 nucleus absorbs a slow-moving (thermal) neutron to become

U-236.

The U-236 nucleus is unstable and splits (fission) into two smaller

daughter nuclei, releasing energy and two or three more neutrons, which

can go on to cause further fissions.

U-238 nuclei absorb (capture) neutrons without splitting, removing them

from the chain reaction.

N = N0e−λt,  so  N0 / N = eλt

λt = 1.54 × 10−10 × 2.00 × 109 = 0.308

N0 / N = e0.308 = 1.36

mass then = 1.36 × 993 g = 1351 g = 1.35 kg (about 1.4 kg)
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3.7 % is greater than 3.0 %, so yes, the sample had a high enough

U-235 content to be used in a reactor.

U-235 fraction = 52 / (1351 + 52) = 52 / 1403

= 0.037 = 3.7 %
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