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charge Q = specific charge × mass = 4.39 × 107 × 8.02 × 10-26

Q = 3.52 × 10-18 C

number of protons = 3.52 × 10-18 / 1.60 × 10-19 = 22

number of nucleons = 8.02 × 10-26 / 1.67 × 10-27 = 48

number of neutrons = 48 − 22 = 26

26

Ek = 215 MeV = 215 × 1.60 × 10-13 = 3.44 × 10-11 J

Ek = ½mv2  so  v2 = 2Ek / m

v2 = 2 × 3.44 × 10-11 / 8.02 × 10-26 = 8.58 × 1014

v = 2.93 × 107 m s-1

2.93 × 107
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π+ → e+ + νe

Charge: +1 = (+1) + 0, so charge is conserved.

Baryon number: 0 = 0 + 0, so baryon number is conserved.

Lepton number (electron): 0 = (−1) + (+1), so lepton number is

conserved.

K+ → μ+ + νμ: strangeness +1 → 0 + 0, so strangeness is not

conserved (it changes by 1).

Strangeness can change (by 0, +1 or −1) only in a weak interaction, so

this is a weak decay.

K+ → π+ + π0
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Keep T fixed and slowly rotate the receiver rod R through 90° in the

vertical plane (about the line joining T and R), watching the meter.

When R is vertical the signal is a maximum; when R is horizontal the

signal is a minimum (zero).

The maximum occurs when the rod is aligned with the plane of

polarisation of the microwaves, so the waves from T are vertically

polarised.
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The signal detected by R goes through a series of maxima and minima

(rises and falls repeatedly) as M is moved.

This is because the reflected microwaves and the direct microwaves

superpose (interfere) at R.

As M moves towards X, the path length of the reflected wave increases,

so the path difference between the reflected and direct waves increases.

So the phase difference between the two waves at R changes: when

they arrive in phase there is constructive interference (a maximum), and

when they arrive in antiphase there is destructive interference (a

minimum).
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Young's equation (w = λD/s) is only valid when the slit-to-screen

distance D is much greater than the slit separation s. Here D = 0.45 m

is not much greater than s = 0.12 m.
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6 cm is greater than half a wavelength (1.5 cm), so R passes through

several maxima and minima along AB: yes, it is suitable.

Furthest position: R moved 0.25 m along AB from the centre line

path from nearer slit = √(0.452 + (0.25 − 0.06)2) = √0.2386 = 0.49 m

path from further slit = √(0.452 + (0.25 + 0.06)2) = √0.2986 = 0.55 m

max path difference = 0.546 − 0.489 = 0.058 m ≈ 6 cm  (= 2λ)
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v = c / n = 3.00 × 108 / 1.47

2.04 × 108
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Because the fibre is bent, the ray meets the core−cladding boundary at

a smaller angle of incidence than in the straight fibre.

In the straight fibre the angle of incidence was equal to the critical

angle (73.6°); now it is less than the critical angle, so total internal

reflection does not happen.

The ray is partially reflected at the boundary (some light continues

along the core) and partially refracted (transmitted) into the cladding,

so some light escapes from the core.

sin C = nclad / ncore = 1.41 / 1.47 = 0.959,  C = 73.6°

angle of refraction at the end face  r = 90° − 73.6° = 16.4°

sin A = ncore sin r = 1.47 × sin 16.4° = 0.415

A = 24.5°

24.5

partially refracted
into cladding

partially reflected
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The astronaut moves in a circle, so a centripetal force directed towards

the centre of rotation O is needed.

This is provided by the (normal) reaction force of the floor pushing the

astronaut towards O. The astronaut pushes on the floor with an equal

and opposite force, so they feel pressed onto the floor as if by their

weight.

stemup.co.uk

https://stemup.co.uk


A and B rotate with the same angular speed ω. Since mA < mB, rA =

mBL/(mA + mB) is greater than rB = mAL/(mA + mB), so A has the

larger radius of rotation.

Linear speed v = rω, so the centre of mass of A rotates with the

greater linear speed.

centripetal force on A:  F = mA rA ω2

centripetal force on B:  F = mB (L − rA) ω2

forces are equal and ω is the same for A and B, so ω2 cancels:

mA rA = mB (L − rA) = mB L − mB rA

rA (mA + mB) = mB L

rA = mB L / (mA + mB)
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I used a maximum stress of 0.15 GPa, half of the 0.30 GPa at which

the linear (elastic) section of Figure 7 ends. This safety factor of 2

keeps the rod well within the elastic region so it will not deform

permanently, while not making the rod (and spacecraft) heavier than

needed.

Centripetal acceleration of A imitates Mars gravity: rAω2 = 3.7 m s-2

Force on A from rod  F = mAa = 1.32 × 106 × 3.7 = 4.9 × 106 N

From Figure 7 the linear section ends at a stress of about 0.30 GPa.

Use a maximum stress σ = 0.15 GPa (safety factor of 2):

A = F / σ = 4.88 × 106 / 0.15 × 109 = 0.0326 m2

A = πd2 / 4   so   d = √(4A / π)

d = √(4 × 0.0326 / π) = 0.20 m

0.20
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Air resistance is negligible, so the horizontal velocity is constant. The

speed is a minimum at the top of the path where the vertical velocity is

zero, so minimum speed = 15.3 m s-1 ≈ 15 m s-1.

horizontal component of velocity = 20.0 cos 40.0° = 15.3 m s-1

initial vertical velocity  u = 20.0 sin 40.0° = 12.9 m s-1  (upwards)

taking upwards as positive:  s = ut + ½at2

with s = +3.00 m and a = −9.81 m s-2:

3.00 = 12.9t − ½ × 9.81 × t2 = 12.9t − 4.91t2

so   4.91t2 − 12.9t + 3.00 = 0
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Both solutions are times when the ball is 3.00 m above the ground:

once on the way up (0.258 s) and once on the way down (2.37 s).

Figure 9 shows the ball passing over the crossbar after the top of its

path, on the way down, so the time taken is the larger value, 2.37 s.

The smaller value is when the ball is first at 3.00 m while still rising.

t = [12.9 ± √(12.92 − 4 × 4.91 × 3.00)] / (2 × 4.91)

t = (12.9 ± √(166.4 − 58.9)) / 9.82 = (12.9 ± 10.37) / 9.82

t = 0.258 s   or   t = 2.37 s

0.258
2.37
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36.3 m < 38 m, so the ball is below the crossbar at the posts: no.

horizontal distance when the ball is back down at 3.00 m:

s = vt = 20.0 cos 40.0° × 2.37 = 15.3 × 2.37 = 36.3 m
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The gradient of each graph is the acceleration; the area between the

line and the time axis is the vertical distance travelled.

Without air resistance: constant gradient = g (9.81 m s-2) as the only

force is the weight. Area above the axis (up) = area below (down), so

the total area is zero as the ball returns to the ground; the area above

the axis is the maximum height.

With air resistance: the initial gradient is steeper (a > g) as air

resistance acts down, with the weight. At v = 0 there is no air

resistance, so gradient = g. Then the gradient decreases as air

resistance acts up and increases with speed.

The area above the axis is smaller, so the ball reaches a lower maximum
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height; the areas above and below the axis are again equal. It also lands

sooner and with a smaller speed.
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0.33 V is much less than 1.25 V, so the alarm would not sound when

the beam is broken: the circuit is not suitable.

From Figure 11, at 1.0 lux:  RLDR = 300 kΩ

total resistance = 300 kΩ + 10 kΩ = 310 kΩ

I = V / R = 5.0 / 310 × 103 = 1.6 × 10-5 A ≈ 16 μA

Not illuminated:  VS = IR = 16.1 × 10-6 × 300 × 103 = 4.84 V

Illuminated (4.0 lux):  RLDR = 93 kΩ from Figure 11

VS = (93 / (93 + 10)) × 5.0 = 4.51 V

change in VS = 4.84 − 4.51 = 0.33 V

25% of emf = 0.25 × 5.0 = 1.25 V
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