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Energy supplied = energy to heat plate:  Pt = mcΔθ

t = mcΔθ / P = 1.2 × 450 × (125 − 20) / 2100

t = 56 700 / 2100 = 27 s

27
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The iron can only produce 48 g min-1 of steam, which is smaller than

60 g min-1, so the maker's claim is not true.

In 1 minute: energy supplied = Pt = 2100 × 60 = 1.26 × 105 J

Pt = Δm cwΔθ + Δm l   (heat water to 100 °C, then boil it)

1.26 × 105 = Δm × 4200 × (100 − 20) + Δm × 2.3 × 106

1.26 × 105 = Δm × (3.36 × 105 + 2.3 × 106) = Δm × 2.636 × 106

Δm = 1.26 × 105 / 2.636 × 106 = 0.048 kg

Rate of steam production = 0.048 kg min-1 = 48 g min-1
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The volume of the molecules is negligible compared with the volume of

the container.

Collisions are elastic (kinetic energy is conserved), and there are no

forces between molecules except during collisions.

When a molecule hits the wall and bounces back, its direction changes,

so its velocity (and momentum) changes.

By Newton's second law (or first law), a change in momentum needs a

force, so the wall exerts a force on the molecule (F = Δp / Δt).

By Newton's third law, the molecule exerts an equal and opposite force

on the wall. Many molecules hit the wall every second, so there is a

steady force on the walls.
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Ek = (3/2)kT   so   T = 2Ek / 3k

T = 2 × 6.7 × 10-21 / (3 × 1.38 × 10-23) = 324 K

pV = nRT   so   n = pV / RT

n = 220 × 103 × 0.35 / (8.31 × 324) = 28.6 mol

28.6

2T
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The excess electrons are located on the outer surface of the sphere,

equally spaced (spread out evenly).

This is because the electrons all repel each other, so they move as far

apart as possible.

Δr = 0.50 m

ΔV = 1.0 × 106 V
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Tangent drawn to the curve at r = 0.30 m (on Figure 3):

gradient = ΔV / Δr = (−0.1 − (−1.1)) × 106 / (0.55 − 0.05)

E = 1.0 × 106 / 0.50

E = 2.0 × 106 V m-1

2.0 × 106 V m-1

C = Q / V   and   V = Q / 4πε0r   so   C = 4πε0r

C = 4π × 8.85 × 10-12 × 0.10

C = 1.1 × 10-11 F   (≈ 1 × 10-11 F)
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Fully charged (1.8 × 106 V):  E = ½CV2

E = ½ × 1.1 × 10-11 × (1.8 × 106)2 = 18 J

At 1.0 × 106 V:  E = ½ × 1.1 × 10-11 × (1.0 × 106)2 = 5.5 J

Change in energy = 18 − 5.5 = 12.5 J  (a decrease)

12.5
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G has the greater mass: the null point (where the lines from G and H

meet) is closer to H than to G.

At the null point the field strength due to G equals that due to H even

though G is further away, so G must have more mass (g = GM / r2).
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g = GM / R2   so   R = √(GM / g)

R = √(6.67 × 10-11 × 2.0 × 1020 / 0.40)

R = √(3.34 × 1010) = 1.8 × 105 m

1.8 × 105
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The area represents the work done per unit mass (energy transferred

per kg) when an object is moved from r = R to r = 2R, against the

gravitational field of P.

This equals the increase in gravitational potential (change in potential

ΔV) from R to 2R.

stemup.co.uk

https://stemup.co.uk


Force on P from H:  F = GMm / r2

FPH = 6.67 × 10-11 × 3.00 × 1025 × 2.00 × 1020 / (1.50 × 1011)2

FPH = 1.78 × 1013 N

The forces from G and H are at 90° to each other at P, so

Ftotal = √( (1.78 × 1013)2 + (6.38 × 1012)2 )

Ftotal = 1.89 × 1013 N

a = F / m = 1.89 × 1013 / 2.00 × 1020

a = 9.45 × 10-8 m s-2

9.45 × 10-8
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The resultant force on P includes the pull of G as well as H, so it is

not continually directed towards the centre of H (no centripetal force

towards H).
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The iron core concentrates (channels) the magnetic flux produced

by the primary coil, so it increases the flux linkage with the secondary

coil (compared with an air core).

The alternating current in the primary coil produces a

varying (alternating) magnetic flux in the core, which passes through

(links with) the secondary coil.

This changing flux linkage induces an emf in the secondary coil, whose

size is determined by the number of turns on the secondary coil

(compared with the primary).
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Material M is an electrical insulator (high resistivity) and the iron is in

thin sheets (laminations).

The changing flux induces emfs in the core, but the insulating layers

give a high resistance, so eddy currents in the core are much smaller.

So less energy is wasted heating the core, raising the efficiency.

At a lower voltage (e.g. 33 kV) the current would be higher for the

same power, so more energy is wasted heating the cables (I2R).

At a very high voltage (400 kV) insulation is harder and more expensive

(taller pylons, costlier transformers), so 132 kV is a compromise.
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efficiency = power out / power in   so   power in = power out / efficiency

Power into transformer 2 = 72 / 0.98 = 73.5 MW

Power at start of transmission line = 73.5 / 0.94 = 78.2 MW

Power from power station (25 kV) = 78.2 / 0.98 = 79.8 MW

I = P / V = 79.8 × 106 / 25 × 103

I = 3190 A

3.19 × 103
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The binding energy is the energy required (work done) to separate a

nucleus into its individual protons and neutrons (nucleons).

It equals the energy released when the nucleus is formed from its

separate nucleons.

Binding energy ∝ mass defect = (mass of nucleons) − (mass of nucleus)

Mass of nucleons = 26mp + 30mn

= 26 × 1.673 × 10-27 + 30 × 1.675 × 10-27 = 9.375 × 10-26 kg

Δm = 9.375 × 10-26 − 9.288 × 10-26 = 8.70 × 10-28 kg

Δm = 8.70 × 10-28 / 1.661 × 10-27 = 0.524 u

Binding energy = 0.524 × 931.5 = 488 MeV

488
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F1 F2

F1 has nucleon number about 95 and F2 about 145: they add up to 240,

the nucleon number of X, and both are to the right of the peak.
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Fission fragments are neutron rich: they have a high neutron to proton

ratio (about the same as X), so on Figure 11 they lie above (to the left

of) the band of stable nuclides.

So the likely initial mode of decay of F1 and F2 is β− decay.

In β− decay a neutron changes into a proton (neutron number falls by

1, proton number rises by 1), so each nuclide moves down and to the

right on Figure 11, closer to the stable region.
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