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The permittivity of the mica is 6.0 times the permittivity of free space,

i.e. εr = ε (permittivity of mica) / ε0 = 6.0

There is an electric field between the charged plates. The polar

molecules rotate and align with their positive ends facing the negative

plate (and negative ends facing the positive plate).

This produces an opposing electric field between the plates, which

reduces the overall electric field between the plates.

So the pd V between the plates decreases, but the charge Q stays the

same because the capacitor is isolated, so the capacitance C = Q/V

increases.
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Q stays the same = 7.6 × 10-10 C, new C = 6 × 63 pF = 378 pF

E = Q2/2C

initial E = (7.6 × 10-10)2 / (2 × 63 × 10-12) = 4.58 × 10-9 J

final E = (7.6 × 10-10)2 / (2 × 378 × 10-12) = 7.64 × 10-10 J

difference = 4.58 × 10-9 − 7.64 × 10-10 = 3.82 × 10-9 J

3.8 × 10-9
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maximum C
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Fill the gap between the plates with a dielectric of relative

permittivity εr = 4 (keeping the same separation). Halving the diameter

makes the area 1/4 of the original, and C = Aε0εr/d, so εr must be 4

times larger.

Keep the air gap but reduce the separation of the plates to 1/4 of the

original. Since C ∝ A/d, reducing d by a factor of 4 cancels the factor

of 4 decrease in area, so the maximum C is unchanged.
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Gravitational force provides the centripetal force (r = R + h):

GMm / r2 = mω2r

ω2 = GM / r3 = GM / (R + h)3

so ω = √( GM / (R + h)3 )

r = R + h = 6.37 × 106 + 2.02 × 107 = 2.657 × 107 m

ω = √( 6.67 × 10-11 × 5.97 × 1024 / (2.657 × 107)3 )

ω = 1.457 × 10-4 rad s-1

T = 2π / ω = 2π / 1.457 × 10-4 = 4.31 × 104 s

4.31 × 104
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Launch from Ζ, on the equator. At this position the satellite already has

the largest initial speed (kinetic energy) from the Earth's rotation,

because Ζ is furthest from the axis of rotation.

So less extra kinetic energy needs to be supplied by the fuel.
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The linear speed is smaller in the higher orbit.

GMm/r2 = mv2/r, so v = √(GM/r), i.e. v ∝ 1/√r. Since r is larger for the

higher orbit, v is smaller (also v = rω = r√(GM/r3) = √(GM/r)).

Ep = −GMm / r   (r = 2.657 × 107 m)

Ep = −(6.67 × 10-11 × 5.97 × 1024 × 1630) / 2.657 × 107

Ep = −2.44 × 1010 J

−2.44 × 1010
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If the drum were not in a vacuum, the gas atoms would collide with air

molecules, changing their direction and speed, so the speed distribution

would be changed and atoms would not travel straight across to the

detector.
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Time for 1 revolution = 1/120 s = 8.33 × 10-3 s

45° = 1/8 revolution, so t = 8.33 × 10-3 / 8 = 1.04 × 10-3 s

The atom travels the diameter, 0.500 m, in this time:

speed = distance / time = 0.500 / 1.04 × 10-3

speed = 480 m s-1, which is about 500 m s-1

mass of one atom m = 0.209 / 6.02 × 1023 = 3.47 × 10-25 kg

½m(crms)2 = (3/2)kT, so T = m(crms)2 / 3k

T = 3.47 × 10-25 × 4802 / (3 × 1.38 × 10-23)

T = 1930 K

1930
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Pressure is due to the atoms colliding with the oven walls and changing

momentum.

As atoms leave there are fewer atoms (N decreases), so there are fewer

collisions with the walls per second.

T is constant, so crms and the average momentum change per collision

stay the same, so the total rate of change of momentum on the walls

falls and the pressure drops (pV = (1/3)Nm(crms)2, so p ∝ N).

pV = nRT, so the amount leaked n = V(p1 − p2) / RT

n = 2.7 × 10-2 × (5.0 × 104 − 4.5 × 104) / (8.31 × 1930)

n = 8.42 × 10-3 mol

8.42 × 10-3
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At the higher temperature the atoms move faster (higher crms), so they

cross the drum in less time and the drum does not turn as far before

they hit the detector.

So the darkest area (maximum darkness) will be closer to A than

before.

Also, more atoms will pass through S as more atoms leave the oven per

second, so the dark patch will be darker.
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tangent at x = 0.10 m

ΔB = 0.095 T

Δx = 0.137 m
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From Figure 8, at x = 0.070 m, B = 0.070 T

flux linkage NΦ = BAN = 0.070 × 3.5 × 10-5 × 200

NΦ = 4.9 × 10-4 Wb turns, which is about 5 × 10-4 Wb
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As the coil moves, the magnetic flux through the coil changes, so there

is a rate of change of flux linkage, which induces an emf.

By Faraday's law the emf is proportional to the rate of change of flux

linkage. As x increases, the B against x graph gets less steep, so at

constant speed the flux changes more slowly and the magnitude of the

emf decreases.

Tangent drawn on Figure 8 at x = 0.10 m:

gradient ΔB/Δx = 0.095 / 0.137 = 0.693 T m-1

Faraday's law: emf = NΔ(BA)/Δt = NA(ΔB/Δx)v

emf = 200 × 3.5 × 10-5 × 0.693 × 0.80

emf = 3.9 × 10-3 V = 3.9 mV at x = 0.10 m

For x greater than 0.10 m the gradient of the graph is smaller, so the

emf at x = 0.10 m is the maximum in this range.

So No: the emf cannot exceed 5 mV for x > 0.10 m.
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The force on the proton is due to the uniform magnetic field (F =

Bev), which is constant in size and always at 90° to the proton's

direction of travel (velocity).

This force provides the centripetal force, so the proton moves in a

circular path, and it travels half a circle in the dee before reaching the

gap, so the path is semicircular.
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Each crossing: 1 proton through 10.0 kV gains 10 000 eV

number of crossings = 14 MeV / 10 000 eV

= 14 × 106 / 1.0 × 104 = 1400

1400

Magnetic force = centripetal force: F = Bev and F = mpv2/R

Bev = mpv2/R, so v = eBR / mp

Ek = ½mpv2 = ½mp(eBR / mp)2

Ek = e2B2R2 / 2mp
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Use Ek = e2B2R2 / 2mp

X: Ek = (1.6 × 10-19)2 × 1.32 × 0.382 / (2 × 1.67 × 10-27)

Ek = 1.87 × 10-12 J = 11.7 MeV, just above 11 MeV, so X is OK

Y: B2R2 is greater, Ek = 2.32 × 10-12 J = 14.5 MeV (more than needed,

so it costs more)

Ζ: Ek = 6.89 × 10-13 J = 4.3 MeV, less than 11 MeV, so not suitable

So X satisfies the requirement at the lowest cost.

cost ∝ Ek
1.5: cost = £2.3 million × (11.7 / 10)1.5 = £2.9 million

X
£2.9 million
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The binding energy per nucleon increases when a nucleus is formed by

fusion, so the binding energy of the nucleus formed is greater than the

total binding energy of the two original nuclei.

So the total mass of the two nuclei is more than the mass of the

fusion product, and this mass difference is released as energy (E =

mc2).

Δm = (3.01603 + 16.99913) − 19.99244 = 0.02272 u

Δm = 0.02272 × 1.661 × 10-27 = 3.774 × 10-29 kg

E = mc2 = 3.774 × 10-29 × (3.00 × 108)2 = 3.40 × 10-12 J

3.40 × 10-12
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Ep = Qq / 4πε0r   (Ep ≈ 0 initially), Q = 2e, q = 8e

Ep = 2 × 8 × (1.60 × 10-19)2 / (4π × 8.85 × 10-12 × 5.1 × 10-15)

change in Ep = 7.2 × 10-13 J (increase)

7.2 × 10-13
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Sulfur has proton number 16, double that of oxygen (8), so its nucleus

has double the charge. This increases the repulsion and the gain in

potential energy (force) needed to bring the nuclei together.

So fusion of sulfur with helium needs greater kinetic energy (a higher

temperature), so at the same temperature this decreases the rate of

fusion.

Sulfur has a larger nucleon number (34 compared to 17), so the sulfur

nucleus has a larger radius than oxygen (R ∝ A1/3). The separation for

fusion is larger, so smaller kinetic energy is needed, which increases the

rate of fusion.
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