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The volume of the gas molecules is negligible compared to the volume

occupied by the gas (the molecules are point masses).
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pV is not equal at B and C (pC is higher than 1.7 × 105 Pa), so the

temperature at C is higher: the temperature changes (increases).

N = pV / kT

N = (1.0 × 105 × 0.70 × 10-3) / (1.38 × 10-23 × 300)

T = 27 + 273 = 300 K

1.7 × 1022

At constant pressure, V / T = constant, so TB = TAVB / VA

TB = 300 × 0.50 / 0.70 = 214 K

Change = 214 − 300 = −86 K (a decrease of 86 K)

−86

If T were constant (B to C), pBVB = pCVC would hold.

pBVB = 1.0 × 105 × 0.50 × 10-3 = 50 J

pCVC = 2.05 × 105 × 0.30 × 10-3 = 61 J

Or: TC = pCVC TB / (pBVB) = 61.5 × 214 / 50 = 263 K

If T were constant, pC = 50 / 0.30 × 10-3 = 1.7 × 105 Pa only.
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The work done on the gas from A to B is equal to the area under

the graph between A and B, which is 20 J.

The work done on the gas from B to C is the area under the curve

from B to C, which is about 28 J.

So more work is done on the gas from B to C than from A to B:

about 8 J (8.3 J) of additional work is done on the gas from B to

C.

A to B: W = pΔV = 1.0 × 105 × (0.70 − 0.50) × 10-3 = 20 J

B to C: W = area under the curve from 0.50 to 0.30 × 10-3 m3

1 small square = 0.01 × 10-3 m3 × 0.1 × 105 Pa = 0.1 J

about 283 small squares, so W ≈ 283 × 0.1 = 28 J (28.3 J)
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One tesla is the magnetic flux density that produces a force of 1 N

on a wire of length 1 m carrying a current of 1 A perpendicular to

the field.

F = BIl and F = mg, so B = mg / Il

B = (0.620 × 10-3 × 9.81) / (3.43 × 0.0500)

B = 6.08 × 10-3 / 0.1715 = 0.0355 T

0.035
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The magnetic force on the proton is always perpendicular to its

direction of motion (velocity), so it can only change the direction of

the proton, not its speed: no work is done on the proton by the field.
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The magnetic force provides the centripetal force:

BQv = mv2 / r   so   r = mv / BQ   and   v = BQr / m

Time for a semicircle: t = distance / speed = πr / v

Substitute v = BQr / m:   t = πr × m / (BQr)

t = πm / BQ

This does not contain r, so t is independent of the radius.

v = BQr / m

v = 0.44 × 1.6 × 10-19 × 0.55 / 1.67 × 10-27

v = 3.87 × 10-20 / 1.67 × 10-27

2.3 × 107
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The neutron undergoes (elastic) collisions with the moderator nuclei,

so it loses kinetic energy and slows down.

The neutron is absorbed by the control rod.

The slow neutron is absorbed by a uranium-235 nucleus, forming an

unstable uranium-236 nucleus.

This causes the nucleus to split into two smaller daughter nuclei

(fission fragments).

Several (two or three) fast-moving neutrons are also released, along

with energy.
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Source: the most dangerous, highly radioactive (high level) waste is

the spent fuel rods, which contain the fission fragments produced by

the fission of uranium-235, plus plutonium.

Treatment: the spent fuel rods are removed remotely and placed in

cooling ponds of water close to the reactor for several years. Then

the unused uranium and plutonium are separated out to be recycled.

The high level waste is vitrified (made into solid glass), then sealed

in stainless steel containers (and concrete), and finally stored deep

underground.

Problem 1: the spent fuel is very hot because of the radioactive

decay. Solution: it is kept in cooling ponds, where the water removes

the heat.

Problem 2: the waste is highly radioactive. Solution: the water in the

ponds absorbs the radiation and shields workers, and the rods are

handled remotely so that there is no human contact with the waste.

Problem 3: liquid high level waste could leak. Solution: it is vitrified

into solid glass and sealed in stainless steel barrels.

Problem 4: the waste stays radioactive for thousands of years.

Solution: it is stored in containers that stay stable for a long time,

deep underground in geologically stable areas.
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Problem 5: transporting waste is a danger to the public. Solution: it

is moved in crash resistant, thick, strong casks, or it is processed on

site.
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Δm = Zmp + Nmn − MCo   (Z = 27, N = 59 − 27 = 32)

Δm = 27 × 1.00728 + 32 × 1.00867 − 58.93320

Δm = 27.19656 + 32.27744 − 58.93320 = 0.54080 u

Binding energy = 0.5408 × 931.5 MeV

= 503.8 MeV

504 (503.8)
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Smallest energy gap to an excited state (2.29 is not needed):

KEmax = 2.52 × 10-13 − 1.76 × 10-13 = 7.6 × 10-14 J

KEmax = 7.6 × 10-14 / 1.60 × 10-13 = 0.475 MeV

0.48
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Longest wavelength = smallest energy (smallest gap):

E = 2.29 × 10-13 − 2.06 × 10-13 = 2.3 × 10-14 J

λ = hc / E = 6.63 × 10-34 × 3.00 × 108 / 2.3 × 10-14

λ = 8.65 × 10-12 m

8.6 × 10-12
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They show the direction of the force on a mass placed in the field

(the direction a stationary mass would move).

The lines are closer together at K, so the gravitational field is

stronger there.

This is because the material under the surface at K has a higher

density than the surrounding material (more mass at K).

The ball will speed up (accelerate) as it moves towards K, because

the angled field lines between J and K have a horizontal component

of force towards the right, towards K.
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A gravitational field only shows attraction, so all lines of force would

point towards a mass, but here the arrows point away from L.

L

L
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Gravitational force provides the centripetal force:

GMm / r2 = mω2r   and   ω = 2π / T

GMm / r2 = m(2π / T)2 r

so T2 = (4π2 / GM) r3

4π2 / GM is a constant, so T2 ∝ r3

T2 ∝ r3  so  (TP / TE)2 = (rP / rE)3

(TP / 1.00)2 = (5.91 × 109 / 1.50 × 108)3

TP
2 = 39.43 = 61 163

TP = √61 163 = 247 yr

247
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g = GM / r2   so   M = gr2 / G

M = 0.617 × (1.19 × 106)2 / 6.67 × 10-11

M = 8.74 × 1011 / 6.67 × 10-11 = 1.31 × 1022 kg (3 s.f.)

1.31 × 1022
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So the ice has more than enough kinetic energy (initial speed) to

escape: the lump of ice can escape from Pluto.

Initial KE per kg = ½v2 = ½ × 14002 = 9.8 × 105 J kg-1

At the surface (r = 1.19 × 106 m): V = −7.4 × 105 J kg-1

Energy needed per kg to escape (to V = 0) = 7.4 × 105 J kg-1

Escape speed: ½v2 = 7.4 × 105, so v = 1200 m s-1

9.8 × 105 > 7.4 × 105  (1400 > 1200 m s-1)
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