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It only decays by electron capture, so the nucleus needs an (inner shell)

orbiting electron to capture in order to decay. A nucleus with no orbiting

electrons has no electron to capture, so it cannot decay, while the

neutral atom can.
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charge of nucleus Q = 22 × 1.60 × 10-19 = 3.52 × 10-18 C

mass = Q / specific charge = 3.52 × 10-18 / 4.8 × 107

mass = 7.33 × 10-26 kg

number of nucleons = 7.33 × 10-26 / 1.67 × 10-27 = 43.9 ≈ 44

number of neutrons = 44 − 22 = 22

22
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A wave in which the oscillations of the particles are at right angles

(perpendicular) to the direction of energy transfer of the wave.

The wave from the vibration generator is reflected at the pulley, so two

waves travel in opposite directions along the wire and superpose.
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All the particles between P1 and P3 oscillate in phase with each other,

and all the particles between P3 and P5 oscillate in phase with each

other.

The particles between P1 and P3 are in antiphase (180° out of phase)

with those between P3 and P5, e.g. P2 and P4 are in antiphase.
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μ = mass / length:  μA = 1.32 × 10-3 / 2.00 = 6.60 × 10-4 kg m-1

μB = 2.94 × 10-3 / 2.00 = 1.47 × 10-3 kg m-1

6.60 × 10-4

1.47 × 10-3

First harmonic: f1 = (1 / 2L) √(T / μ), where 2L = 2 × 1.50 = 3.00 m

For five harmonics f5 = 5f1 ≤ 50 Hz, so need f1 ≤ 10 Hz

A, W = 1.0 N: f1 = 13.0 Hz, f5 = 65.0 Hz > 50 Hz (too high)

A, W = 5.0 N: f1 = 29.0 Hz, f5 = 145 Hz > 50 Hz (too high)

B, W = 1.0 N: f1 = 8.7 Hz, f5 = 43.5 Hz ≤ 50 Hz

B, W = 5.0 N: f1 = 19.4 Hz, f5 = 97.0 Hz > 50 Hz (too high)

Only wire B with W = 1.0 N gives a fifth harmonic below 50 Hz

(the greatest that does not exceed 50 Hz), so all five are possible.

B 1.0
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ω = 2π / T = 2π / 0.81 = 7.76 rad s-1

A = vmax / ω = 0.39 / 7.76 = 0.050 m

amax = ω2A = 7.762 × 0.050 = 3.0 m s-2
a = −ω2x

a / m s-2
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P: x = A / √2 = 0.035 m, a = −2.1 m s-2

(½kx2 = ½ of max energy, so Ek = 50% of maximum)
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Young modulus = tensile stress / tensile strain, and strain has no unit,

so the Young modulus has the same unit as stress (Pa).

W and Ƶ, because they have the same density (density is the only

property of the material, not of the wire's size).

V = πr2L = π × (0.70 × 10-3)2 × 2.17 = 3.34 × 10-6 m3

m = ρV = 1.93 × 104 × 3.34 × 10-6 = 0.0645 kg = 64.5 g

cost = 75 × 64.5 = £4840

4840

stemup.co.uk

https://stemup.co.uk


E for W (6.7 × 1010 Pa) is the same as E from Figure 5 (6.8 × 1010

Pa) within experimental error, so yes, wire W could have been used.

From the line: at strain 35 × 10-5, stress = 23.8 MPa

E = stress / strain = 23.8 × 106 / 35 × 10-5 = 6.8 × 1010 Pa

For W: A = πd2 / 4 = π × (1.7 × 10-3)2 / 4 = 2.27 × 10-6 m2

k = EA / L, so E = kL / A = 4.90 × 104 × 3.10 / 2.27 × 10-6

E for W = 6.7 × 1010 Pa
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V = ε − Ir = 3.66 − (6.77 × 0.0300)

3.46

One row: 5 cells in series, r = 5 × 0.0300 = 0.150 Ω

4 identical rows in parallel: r = 0.150 / 4

0.0375
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16 modules in series, so emf of each module = 352 / 16 = 22.0 V

cells in series in each row = 22.0 / 3.66 = 6.01, so 6 cells per row

rows in parallel = maximum current / cell current

= 500 / 6.77 = 73.9, so 74 rows

number of cells = 6 × 74 = 444

444
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impulse = mΔv, u = 0: v = 6.55 / 0.410 = 15.98 m s-1

Ek = ½mv2 = ½ × 0.410 × 15.982 = 52.3 J

52.3

400

800

1200

1600

area under graph ≈ 8.5 large squares, and area = impulse = 6.55 N s

area of one large square = 6.55 / 8.5 = 0.771 N s

width of a square = 2 ms, so height = 0.771 / 2 × 10-3 = 385 N

so each large square on the F axis ≈ 400 N
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uy = 18 sin 48° = 13.38 m s-1 (taking upwards as positive)

s = ut + ½at2:  −2.0 = 13.38t − ½ × 9.81 × t2

4.905t2 − 13.38t − 2.0 = 0

t = [13.38 + √(13.382 + 4 × 4.905 × 2.0)] / (2 × 4.905)

t = 2.87 s

2.87
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Ek = ½mv2, so mv2 = 2Ek

centripetal force F = mv2 / R

so F = 2Ek / R, giving R = 2Ek / F

F = mv2 / R:  v = √(FR / m) = √(24 × 103 × 230 / 1600)
58.7
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Drive along a path of larger radius, e.g. start at the outside of the track

and move to the inside of the curve.

N1
N2

W
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On the slope the normal reaction force from the track is at an angle to

the vertical, so it has a horizontal component towards the centre of the

circle. This increases the (maximum) centripetal force on the car.

Since F = mv2 / R, a greater centripetal force for the same radius

means that v can be greater.
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The electrons collide (inelastically) with the mercury atoms in the tube

and transfer kinetic energy to them, so the average kinetic energy, and

so the average speed, of the electrons is much lower.

eV = ½mv2, so v = √(2eV / m)

v = √(2 × 1.60 × 10-19 × 130 / 9.11 × 10-31)

6.8 × 106
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Yes. Figure 12 shows that most of the photons released by X are in the

ultraviolet part of the spectrum: the peak at about 253 nm is far more

intense than the few visible lines.

This UV radiation is absorbed by the phosphor coating on the tube,

exciting its atoms; when they de-excite they emit longer wavelength

(visible) radiation across the whole visible range, so white light can be

produced.
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From Figure 12, λpeak = 253 nm = 2.53 × 10-7 m

E = hc / λ = 6.63 × 10-34 × 3.00 × 108 / 2.53 × 10-7

E = 7.86 × 10-19 J

in eV: E = 7.86 × 10-19 / 1.60 × 10-19 = 4.9 eV

4.9
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