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The distance of closest approach is only an upper limit: the alpha

particle stops before it reaches the surface of the nucleus.

It also ignores the recoil of the gold nucleus and the finite size of the

alpha particle.

At closest approach, all the kinetic energy has become electric potential energy.

Ek = 5.59 × 106 × 1.60 × 10−19 = 8.94 × 10−13 J

Ek = QαQAu / 4πε0r   with Qα = 2e and QAu = 79e

r = (2 × 1.60 × 10−19 × 79 × 1.60 × 10−19) / (4π × 8.85 × 10−12 × 8.94 × 10−13)

r = 4.1 × 10−14 m

4.1 × 10−14
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The angle of the first minimum (θmin) is used to find the radius of the

nucleus, using sin θmin ≈ 0.61λ / R.

first minimum
(angle θmin)

θmin
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A cancels, so ρ is independent of A: mn and R0 are constants, so all

nuclei have the same density.

Assume the nucleus is a sphere:  V = (4/3)πR3 = (4/3)πR0
3A

mass of nucleus  m = A × mass of a nucleon  (mn ≈ 1.661 × 10−27 kg)

density  ρ = m / V = A mn / ((4/3)πR0
3A)

ρ = 3mn / 4πR0
3
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The particles have a range of speeds (kinetic energies), which keep

changing.

They move in all directions with no preferred direction: every direction is

equally likely.

The volume of the particles is negligible compared with the volume of

the gas (point masses).

All collisions, between particles and with the walls, are elastic.
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When the temperature increases, the mean kinetic energy of the

particles increases, so their mean speed (crms) increases.

So each collision with a wall gives a greater change in momentum, and

collisions with the walls are more frequent (for the same volume).

Force is the rate of change of momentum, so the force on the walls

would increase, increasing the pressure.

For the pressure (force per unit area) to stay constant the volume must

increase: a larger volume gives a larger wall area and a longer mean

time between collisions with the walls.
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690 J kg−1 K−1 ≠ 1400 J kg−1 K−1, so water vapour does not behave as

an ideal gas.

ΔEk = (3/2)kΔT = 1.5 × 1.38 × 10−23 × (77 − 27)

ΔEk = 1.035 × 10−21 J

1.04 × 10−21

Ideal gas: energy supplied per molecule = ΔEk = (3/2)kΔT

For 1 kg:  N = 1 / 3.0 × 10−26 = 3.33 × 1025 molecules

Q = mcΔθ = N × (3/2)kΔT, so with m = 1 kg and ΔT = 1 K:

c = (3/2)k / mmolecule = 1.5 × 1.38 × 10−23 / 3.0 × 10−26

c = 690 J kg−1 K−1
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mass of one atom = 238 × 1.661 × 10−27 = 3.953 × 10−25 kg

initial mass = 3.953 × 10−25 × 3.23 × 1024 = 1.28 kg

1.28
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A0 = λN0 = 2.51 × 10−10 × 3.23 × 1024

A0 = 8.11 × 1014 Bq

8.11 × 1014

Initial electrical power = 8.11 × 1014 × 8.94 × 10−13 × 0.0458 = 33.2 W

Minimum activity needed:  A = 29.6 / (8.94 × 10−13 × 0.0458)

A = 7.23 × 1014 Bq

A = A0e−λt  so  t = ln(A0 / A) / λ

t = ln(8.11 × 1014 / 7.23 × 1014) / 2.51 × 10−10 = 4.58 × 108 s

t = 4.58 × 108 / (365 × 24 × 60 × 60) = 14.5 years

14.5
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2887 J < 3000 J, so yes, the laser can vaporise the ice before its

battery needs recharging.

Heat ice to 0 °C:  Q = mcΔθ = 1.0 × 10−3 × 2100 × 25 = 52.5 J

Melt:  Q = mLf = 1.0 × 10−3 × 334 × 103 = 334 J

Vaporise:  Q = mLv = 1.0 × 10−3 × 2500 × 103 = 2500 J

Total energy needed = 52.5 + 334 + 2500 = 2887 J (≈ 2.9 kJ)

Energy from laser = Pt = 1.0 × 103 × 3.0 = 3000 J
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rMimas = 1.28 × 108 + 5.8 × 107 = 1.86 × 108 m

rEnceladus = 1.80 × 108 + 5.8 × 107 = 2.38 × 108 m

T2 ∝ r3  so  TE
2 / rE3 = TM

2 / rM3

TE = 0.94 × (2.38 × 108 / 1.86 × 108)3/2

TE = 0.94 × 1.447 = 1.36 Earth days

1.36
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12.08

P
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The dashed line is approximately a straight line with a constant

gradient.

g = −(potential gradient) = −ΔV/Δr, so g is about constant.

(solid line has zero gradient at its maximum)
12.03 × 108

At 12.08 × 108 m:  VSaturn = −3.135 × 107,  Vtotal = −3.200 × 107 J kg−1

VTitan = −3.200 × 107 − (−3.135 × 107) = −6.5 × 105 J kg−1  (≈ −7 × 105)

distance from Titan  r = 12.22 × 108 − 12.08 × 108 = 1.4 × 107 m

V = −GM / r  so  M = −Vr / G

M = 6.5 × 105 × 1.4 × 107 / 6.67 × 10−11

M = 1.36 × 1023 kg

1.36 × 1023
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The permittivity of the dielectric is seven times the permittivity of free

space, so the capacitance (charge stored for the same p.d. and plates)

is seven times that with a vacuum.
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14.7

73

I = I0/e = 40 / 2.718 = 14.7 μA, which is reached at t = 73 s

73

I / I0 = e−5T/T = e−5

= 6.74 × 10−3  =  0.67 %

0.67
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Gravity alone gives only 0.71 m s−2, not 13.0 m s−2, so the suggestion is

not correct.

Centripetal acceleration needed:  a = v2 / r = (74.2 × 103)2 / 4.22 × 108

a = 13.0 m s−2

Gravitational field strength:  g = GM / r2

g = 6.67 × 10−11 × 1.90 × 1027 / (4.22 × 108)2

g = 0.712 m s−2
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B
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Magnetic force provides the centripetal force:  BQv = mv2 / r

B = mv / Qr

B = 5.31 × 10−26 × 74.2 × 103 / (3.20 × 10−19 × 4.22 × 108)

B = 2.9 × 10−11 T

2.9 × 10−11 kg A−1 s−2

F = QE = 3.20 × 10−19 × 371 × 10−6 = 1.19 × 10−22 N

a = F / m = 1.19 × 10−22 / 5.31 × 10−26

a = 2.24 × 103 m s−2

2.24 × 103
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E = Q / 4πε0r2  with  r = 2.0 × 10−2 m

EX = 2 × 1.60 × 10−19 / (4π × 8.85 × 10−12 × (2.0 × 10−2)2)

EX = 7.2 × 10−6 V m−1

EY = 1.60 × 10−19 / (4π × 8.85 × 10−12 × (2.0 × 10−2)2) = 3.6 × 10−6 V m−1

EX and EY are at right angles:  E = √(EX
2 + EY

2)

E = √((7.2 × 10−6)2 + (3.6 × 10−6)2) = 8.0 × 10−6 V m−1

8.0 × 10−6
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