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Iodine-131 has 6 more neutrons than iodine-125 (78 neutrons compared

with 72); both have 53 protons.

131

The tellurium nucleus has 1 more neutron than the iodine-125 nucleus

(73 instead of 72).

The tellurium nucleus has 1 fewer proton than the iodine-125 nucleus

(52 instead of 53).
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In internal conversion only an (orbital) electron is released, but in

beta decay an electron and an anti-neutrino are released.

In internal conversion the electrons released all have the same discrete

energy, but in beta decay the electrons have a range of energies.

Beta decay is mediated by the weak interaction (W− boson), whereas

internal conversion is mediated by the electromagnetic force (virtual

photons).
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The ray enters the first prism along the normal to its surface (at right

angles to the surface, angle of incidence 0°).

The prism is made of a material with the same refractive index as

the windscreen glass.

The prism is fitted to the windscreen with no gaps between them

(in full contact).
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The angle of incidence at A, B and C is 45°, which is greater than the

critical angle of 41.1°, so total internal reflection takes place at each

boundary.

sin C = 1 / n = 1 / 1.52 = 0.658

critical angle C = 41.1°
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At A the angle of incidence (45°) is now less than the critical angle

for the glass-water boundary (61.0°), so total internal reflection no

longer takes place at A.

Some of the light refracts (escapes) into the water droplet and less

light is reflected, so less light stays in the windscreen and the intensity

at the detector decreases.

glass to water: sin C = nwater / nglass = 1.33 / 1.52 = 0.875

critical angle at glass-water boundary C = 61.0°

(1.52 sin 45° = 1.33 sin r  gives  r = 53.9° in the water)
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As the refractive index changes across the thickness, the light may

change direction (bend gradually) inside the windscreen, and may change

direction slightly at the windscreen boundaries, because the angles of

incidence change.

However, a variation of only a few per cent is too small to deviate the

ray significantly, and the critical angle changes by only about 1°, so the

angle of 45° is still well above it and total internal reflection at A, B

and C is unaffected.

More sensitive: the ray reflects off the outer surface at more points,

covering a larger area, so it is more likely to encounter water drops,

giving a bigger decrease in light intensity.

Less sensitive: the longer path means greater absorption in the glass,

and the ray is more likely to meet imperfections or dirt on the glass, so

the intensity is reduced even without water.
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A bright green central maximum with dimmer, lower intensity maxima

on either side, separated by dark fringes (minima).

The central maximum is twice as wide as the other maxima.

The (central) maximum becomes wider, because red light has a longer

wavelength.

The subsequent maxima are further apart (more spread out).
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d = 1 × 10-3 / 500 = 2.0 × 10-6 m

d sin θ = nλ  with  n = 1

sin θ = 650 × 10-9 / 2.0 × 10-6 = 0.325

θ = 19.0°

19
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The central maximum is unchanged in width. Each other maximum is

broader, as each order covers a range of angles.

The maxima get gradually broader (more spread out) at greater orders,

and part of the third order maximum is missing for the longest

wavelengths (θ would be over 90°).

sin θ = nλ / d  for λ = 600 nm and λ = 700 nm:

n = 1:   θ = 17.5° to 20.5°   (range 3°)

n = 2:   θ = 36.9° to 44.4°   (range 7.5°)

n = 3:   θ = 64.2° to 90°, since sin θ > 1 for λ > 667 nm

n = 0:   θ = 0 for all wavelengths
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The pivot is positioned at the centre of mass of the beam and empty

box combined.

So the anticlockwise moment of the weight of the beam about the

pivot equals the clockwise moment of the weight of the empty box:

their moments balance (sum of moments is zero), so they need no

force from the rope and do not affect the tension.
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Taking moments about the pivot:

clockwise moment = 610 × 9.81 × 1.5 = 8976 N m

anticlockwise moment = 250 × 4.0 + T sin 50° × 4.0

(vertical component of tension = T sin 50°)

clockwise moment = anticlockwise moment:

8976 = 1000 + 4.0 T sin 50°

T sin 50° = 7976 / 4.0 = 1994 N

T = 1994 / sin 50° = 2600 N

2600
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The range will be smaller.

When the projectile is released before the beam is vertical, the

counterweight has fallen a smaller distance before release, so less

energy is transferred to the rock.

So the initial speed of the rock is less, and because the velocity is not

horizontal, its horizontal component of velocity is reduced further.

Therefore the range is smaller.

vertically: s = ut + ½at2 with u = 0

7.5 = ½ × 9.81 × t2   so   t = 1.24 s

horizontally: s = ut = 18 × 1.24

range = 22 m

22
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v = 110 × 1000 / 3600 = 30.6 m s-1

Ek = ½mv2 = ½ × 1.5 × 103 × 30.62

Ek = 7.0 × 105 J ≈ 700 kJ

momentum = mass × velocity component along barrier

component of velocity = 30.6 × cos 20° = 28.7 m s-1

p = 1.5 × 103 × 30.6 × cos 20°

p = 4.3 × 104 kg m s-1

4.3 × 104 kg m s-1
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The barrier only needs 55 kN, less than the 60 kN it can apply, so yes,

it passes the test.

KE before collision = 700 kJ

speed parallel to barrier after = 30.6 × cos 20° = 28.7 m s-1

KE after = ½ × 1.5 × 103 × 28.72 = 618 kJ

change in KE = 700 − 618 = 82 kJ ≈ 80 kJ

(check: v2 = v∥
2 + v⊥

2, so total KE = KE due to speed parallel
+ KE due to speed perpendicular to barrier; v⊥ = 30.6 sin 20° = 10.5 m s-1

and KE lost = ½ × 1.5 × 103 × 10.52 = 82 kJ)

work done = force × distance

average force needed to stop the vehicle within 1.5 m:

F = 82 000 / 1.5 = 5.5 × 104 N

5.5 × 104 N (55 kN) is less than 60 kN

(or: work done by barrier over 1.5 m = 60 kN × 1.5 m = 90 kJ,
which is greater than the 82 kJ to be removed)
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The steel barrier causes less damage. It deforms, which increases the

time of contact (and the stopping distance) during the collision.

Impulse = FΔt = change in momentum, and the change in momentum

is the same, so a longer time means a smaller force on the dummies

(similarly work done = Fs, so a larger distance means a smaller force).
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1.5

A = 4.2 mm,   T = 2.0 ms   so   f = 1 / T = 500 Hz

amax = ω2A = (2πf)2A

amax = (2π × 500)2 × 4.2 × 10-3

amax = 4.1 × 104 m s-2

4.1 × 104

stemup.co.uk

https://stemup.co.uk


Longitudinal wave: the air particles oscillate (vibrate) parallel to the

direction of energy transfer of the wave.
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As the resistance of the variable resistor decreases, the total resistance

decreases and the current increases, making the lamp brighter.

So the lost volts (pd across the internal resistance of the cell, Ir)

increase, and the terminal pd shown by the voltmeter (V = ε − Ir)

decreases.

Two identical cells in parallel behave as a single cell with the same emf

but half the internal resistance.

So the internal resistance is a smaller proportion of the total resistance

and the lost volts are reduced (the current through each cell is less),

so the terminal pd V2 is greater than V1.
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