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s = ½gt2   so   t = √(2s / g)

t = √(2 × 4.5 / 9.81) = √0.917

t = 0.96 s
0.96
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The only vertical force on a particle is its weight mg, so its

acceleration = F / m = mg / m = g: the mass cancels.

The time to fall depends only on the distance and the acceleration,

t = √(2s / g), and m does not appear.

Field strength  E = V / d = 65 × 103 / 0.35 = 1.86 × 105 V m−1

Force  F = EQ,  so acceleration  a = F / m = E(Q / m)

a = 1.86 × 105 × 1.2 × 10−6

a = 0.22 m s−2  (about 0.2 m s−2)

s = ½at2 = 0.5 × 0.22 × 0.962

s = 0.10 m

0.10
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The mass of the particles is not constant: the crushed particles have

different sizes, so their masses vary.

The charge on each particle is not constant: the charge gained by

friction varies from particle to particle.

Horizontal acceleration a = Eq / m = (V / d)(q / m).

E = V / d is the same for every particle, but q and m are random,

so q / m (and so a) is unlikely to be the same for any two

particles.
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C = ε0εrA / d   so   d = ε0εrA / C

d = (8.85 × 10−12 × 2.3 × 250 × 10−4) / 370 × 10−12

d = 1.38 × 10−3 m

1.4 × 10−3

Without the polythene:  C = 370 / 2.3 = 161 pF

The supply is disconnected, so the charge stays at Q = 13 nC

V = Q / C = 13 × 10−9 / 161 × 10−12

V = 81 V  (about 80 V)
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The polar molecules align in the field, positive ends toward the

negative plate.

Work is done separating the charged surfaces of the polythene from

the oppositely charged plates; this work increases the energy stored.

E = ½CV2 = ½ × 161 × 10−12 × 812

E = 5.3 × 10−7 J = 0.53 µJ

0.53
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The molecules move about continually in random motion.

They move in straight lines between collisions, and all collisions are

elastic.

Higher temperature: mean KE (rms speed) of the molecules increases.

So more collisions per second with the inside of the ball, each with a

greater change in momentum. F = rate of change of momentum, so

F and p = F / A increase.
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radius  r = 690 mm / 2π = 110 mm = 0.110 m

volume of air  V = (4/3)πr3 = (4/3)π × 0.1103 = 5.55 × 10−3 m3

number of moles  n = 11.4 g / 29 g mol−1 = 0.393 mol

temperature  T = 17 + 273 = 290 K

pV = nRT   so   p = nRT / V

p = 0.393 × 8.31 × 290 / 5.55 × 10−3

p = 1.70 × 105 Pa

Pressure above atmospheric = 1.70 × 105 − 1.00 × 105 = 0.70 × 105 Pa

0.70 × 105 Pa lies between 0.60 × 105 Pa and 1.10 × 105 Pa

(and the circumference, 690 mm, is between 680 mm and 700 mm),

so the inflated ball does satisfy the law of football about the pressure.
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atoms in 3.0 × 10−10 g = (3.0 × 10−10 / 24) × 6.02 × 1023 = 7.53 × 1012

fraction injected = 15 / 1500, so N = 7.53 × 1010 ≈ 7.5 × 1010

λ = ln 2 / T½ = 0.693 / (14.8 × 3600) = 1.30 × 10−5 s−1

A = λN = 1.30 × 10−5 × 7.5 × 1010

A = 9.8 × 105 Bq  (about 1 × 106 Bq)

9.8 × 105
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Mass of liquid = 5.2 − 1.5 = 3.7 kg, so if it is water the volume is

3700 cm3, compared with 3470 cm3 (about 3500 cm3).

The difference arises because this flask may have more mass than

average, or the liquid is not water.

λ = 0.693 / 14.8 h = 0.0468 h−1

A = A0e−λt = 9.8 × 105 × e−0.0468 × 3.5

total activity in flask  A = 8.32 × 105 Bq

15 cm3 has activity 3600 Bq, so

volume of liquid = (8.32 × 105 / 3600) × 15

volume = 3470 cm3  (3.47 × 10−3 m3)
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Lenz's law: the induced current is in a direction such as to oppose

the change (in flux) producing it.

Switch closed (on): the current in X grows, so the magnetic flux

through coil Y increases.

The induced current in Y creates flux opposing this increase, so it is

in the opposite direction to the current in X: anticlockwise as viewed

from P.

Switch opened (off): the current in X falls, so the flux through Y

decreases.

The induced current in Y now creates flux in the same direction, to

oppose the decrease, so it travels clockwise as viewed from P.
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from Figure 6, peak emf  V0 = 5.6 µV;  ω = 2πf = 2π × 1.5 = 9.4 rad s−1

area  A = πr2 = π × 0.1752 = 0.096 m2

V0 = BANω   so   B = V0 / ANω

B = 5.6 × 10−6 / (0.096 × 500 × 9.4)

BH = 1.24 × 10−8 T  (12.4 nT)

1.24 × 10−8
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Equatorial orbit, moving west to east.

Orbital period of 24 hours.

T = 2π / ω = 2π / 2.5 × 10−4 = 2.5 × 104 s

2.5 × 104

λ = c / f = 3.0 × 108 / 1100 × 106 = 0.273 m

θ = λ / d = 0.273 / 1.7 = 0.16 rad

width = distance × θ = 12 000 km × 0.16 = 1.9 × 103 km

(1925 km, which is about 1900 km)

angle subtended at Earth's centre = beam width / Earth's radius

= 1.9 × 103 km / 6400 km = 0.30 rad

time = angle / ω = 0.30 / 2.5 × 10−4 = 1.2 × 103 s

= 1.19 × 103 s / 60 = 20 minutes

20
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The signal would be weaker at the receiver, as the distance it travels

is greater.

The beam's energy is spread over a wider area, so the intensity

decreases with increasing distance.

The signal is received for longer on each orbit: the beam width at

the surface increases with the satellite's height, and the satellite

moves at a lower angular speed in a higher orbit.
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