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It is the weak interaction (weak nuclear force).

This is because the decay involves both leptons and hadrons, and a

proton changes into a neutron (an up quark changes into a down

quark), so the quark character (flavour) changes.

40

18 νe

E = 1.46 × 106 × 1.60 × 10-19 = 2.336 × 10-13 J

E = hf = hc/λ  so  λ = hc/E

λ = (6.63 × 10-34 × 3.00 × 108) / 2.336 × 10-13

λ = 8.51 × 10-13 m

8.51 × 10-13
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Forming calcium-40 is β− decay: a neutron changes into a proton and

an electron (β− particle) and an antineutrino are emitted from the

nucleus.

So if electrons are released from the nucleus the decay is β−. They

could be detected, e.g. by their tracks in a cloud chamber, or by

absorption (stopped by a few mm of aluminium).

In electron capture no electron is emitted, but a gamma photon is.

In β− decay no photon is released, so electrons detected with no

gamma photon confirm β− decay.
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T = mg, so if f ∝ √T then f/√T should be constant:

m = 0.50 kg: T = 4.91 N,  f/√T = 110/√4.91 = 49.7

m = 0.80 kg: T = 7.85 N,  f/√T = 140/√7.85 = 50.0

m = 1.20 kg: T = 11.8 N,  f/√T = 170/√11.8 = 49.5

f/√T is the same (about 50) for all three, so f ∝ √T.
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At much larger tensions the string stretches, so its diameter

(cross-sectional area) decreases.

So the mass per unit length μ decreases, so the actual frequencies

are higher than predicted.

μ = ρA = 1150 × π × (5.0 × 10-4 / 2)2

μ = 2.258 × 10-4 kg m-1

Using m = 0.80 kg:  T = 0.80 × 9.81 = 7.85 N,  f = 140 Hz

f = (1/2l) √(T/μ)   so   l = (1/2f) √(T/μ)

l = (1 / (2 × 140)) × √(7.85 / 2.258 × 10-4)

l = 186.4 / 280 = 0.666 m

0.67
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sin c = 1/n = 1/1.6

c = sin-1(1/1.6) = 38.7°

39
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Blue light has a higher refractive index, so its critical angle is less

than 58°: the blue light undergoes total internal reflection at the

glass-liquid interface.

Red light has a lower refractive index, so its critical angle is greater

than 58°: the red light is refracted and passes into the liquid (angle

of refraction less than 90°).

ng sin θg = nl sin θl

1.6 × sin 58° = n × sin 90°

n = 1.6 × 0.848 = 1.36

1.36
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The emf is the intercept on the pd (y) axis: extending the line back

to I = 0 gives pd = 0.70 V.

Since V = ε − Ir, the gradient of the graph is −r, so the internal

resistance is minus the gradient: r = (0.56 − 0.08) / (0.078 −

0.018) = 8.0 Ω.

emf = 0.70 V
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78 mA is greater than the 75 mA needed, so the Figure 6 circuit is

suitable.

The Figure 5 circuit only supplies 50 mA, so it is not suitable.

Figure 5:  I = ε/(R + r) = 0.70/(6.0 + 8.0) = 0.050 A = 50 mA

50 mA < 75 mA, so Figure 5 is not suitable.

Figure 6:  two cells in parallel: emf = 0.70 V,  r = 8.0/2 = 4.0 Ω

in series with the third cell: emf = 0.70 + 0.70 = 1.4 V

total internal resistance = 4.0 + 8.0 = 12 Ω

I = 1.4/(6.0 + 12) = 0.078 A = 78 mA

useful power = I2R = (75 × 10-3)2 × 6.0 = 0.0338 W

input power = 0.03375 / 0.040 = 0.844 W

area = 32 cm2 = 32 × 10-4 m2

intensity = 0.844 / 32 × 10-4 = 264 W m-2

264
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The resultant force from the wall is at right angles (perpendicular)

to the wall, so it has no component along the wall, so there is no

friction force from the wall.

G
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The vertical reaction force from the ground increases, as the weight

(load) on the ladder increases.

As the person climbs higher, the force from the wall increases (their

weight has a bigger moment about the foot).

So the friction force from the ground (the horizontal component of

G) increases to balance it.

The direction of the resultant force G from the ground changes as

they climb.

Taking moments about the foot of the ladder:

F × 8.0 sin 60° = 390 × 4.0 cos 60°

F = (390 × 4.0 × cos 60°) / (8.0 × sin 60°)

F = 780 / 6.93 = 113 N

113
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T

(M + 2m)g sin 35°
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The trolleys are joined by the wire, so they have the same speed

(magnitude of velocity) but move in opposite directions.

Loaded trolley A has a greater mass (M + 2m) than trolley B (M),

so the momentum of A is greater than that of B, and the momenta

are in opposite directions.

Trolley B (moving up, mass M):   T − Mg sin 35° = Ma

Trolley A (moving down, mass M + 2m):

(M + 2m)g sin 35° − T = (M + 2m)a

Adding the two equations:

(M + 2m)g sin 35° − Mg sin 35° = Ma + (M + 2m)a

2mg sin 35° = (2M + 2m)a

a = 2mg sin 35° / (2M + 2m) = mg sin 35° / (M + m)
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max a = mg sin 35°/(M + m)

max a = 30 × 9.81 × sin 35° / (95 + 30) = 1.35 m s-2

actual a = 0.25 × 1.35 = 0.338 m s-2

s = ut + ½at2 with u = 0:   9.0 = ½ × 0.338 × t2

t = √(2 × 9.0 / 0.338) = 7.3 s

7.3

time per journey = 7.3 + 12 = 19.3 s

journeys = (30 × 60) / 19.3 = 93.3, so 93 journeys

blocks = 2 × 93 = 186

186
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vmax = 2πfA = 2π × 2.0 × 2.5 × 10-2 = 0.314 m s-1

Ek = ½mv2:   54 × 10-3 = ½ × m × 0.3142

m = (2 × 0.054) / 0.0987 = 1.095 kg ≈ 1.1 kg

f = (1/2π) √(k/m)   so   k = 4π2f2m

k = 4π2 × 2.02 × 1.095 = 173 N m-1

(check: Emax = ½kA2: 0.054 = ½ × k × (2.5 × 10-2)2, k = 173 N m-1)

173

1.1
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The resonance peak is at a higher frequency,

because spring B has a higher spring constant (3k), so a higher

natural frequency.

The peak is broader and the amplitude is lower,

because the oil damps the oscillations, so energy is lost from the

system.

Same mass, so f ∝ √k:   fB = 2.0 × √3

fB = 3.46 Hz

3.46
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