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Beta minus (β−) decay.

There is no change in the number of nucleons (241), but the number

of protons increases by 1 (a neutron becomes a proton).

Proton number = 95, nucleon number = 241

Number of neutrons = 241 − 95 = 146

protons 95

neutrons 146
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Ionisation is the removal (or addition) of one or more electrons from

(to) an atom or molecule, so that it becomes a charged ion.

Only a very small quantity of americium-241 is needed in the

detector.

The alpha particles it emits do not travel more than a few

centimetres in air, so they are stopped (absorbed) inside the

detector before reaching the outside of it, and cannot reach the user.

241
95Am → 237

93X + 4
2α (+ energy)

nucleon number = 241 − 4 = 237

proton number = 95 − 2 = 93
237

93
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Measure the original length L of the wire (from the clamp to the

marker) with a metre rule, and measure its diameter d at several

places with a micrometer, then find the mean.

Determine the gradient of the linear (straight) section of the graph

to obtain F/extension.

Then calculate the Young modulus: E = (F/extension) × L/A =

gradient × L / (π(d/2)2).

(Alternatively convert the data to a stress against strain graph and

determine its gradient.)

P
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Plastic deformation has produced a permanent extension

(re-alignment of bonds), so the intercept is non-zero.

The gradient is the same because after the extension the forces

between bonds are identical.

strain = 0.20% = 0.0020

stress = E × strain = 2.0 × 1011 × 0.0020 = 4.0 × 108 Pa

A = π(6.0 × 10-3)2 / 4 = 2.83 × 10-5 m2

F = stress × A = 4.0 × 108 × 2.83 × 10-5 = 11 300 N

11.3

maximum tension = 11 310 N

weight = mg = 600 × 9.81 = 5886 N

resultant force = 11 310 − 5886 = 5424 N

a = F/m = 5424 / 600 = 9.04 m s-2

9.0
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To lift double the load (1200 kg) at the same acceleration would

require double the force (tension) in the cable (F = m(g + a)).

To produce the same strain either: double the cross-sectional area of

the cable (increase the diameter by √2, to 8.5 mm), so the stress

stays the same and so the strain is the same for the same material;

or use a material with double the Young modulus (4.0 × 1011 Pa), so

that double the stress produces the same strain for the same

diameter.
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I3 = I1 + I2

With R1 = 0, R3 is connected directly across V1.

10

pd across R2 = 12 − 10 = 2.0 V

I2 = V / R2 = 2.0 / 10

0.20
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The pd across R2 increases. As R1 increases, the pd across R1

increases (from zero), as pd = I1R1.

pd across R3 = 10 V − pd across R1, so the pd across R3 decreases.

pd across R2 = 12 V − pd across R3, so the pd across R2 increases.
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mass of block + pellet M = 0.450 + 0.0088 = 0.4588 kg

max GPE of block = Mgh = 0.4588 × 9.81 × 0.63 = 2.84 J

initial KE of block = ½Mv2 = 2.84 J

initial speed of block v = √(2 × 2.84 / 0.4588) = 3.52 m s-1

momentum gained by block = Mv = 0.4588 × 3.52 = 1.61 kg m s-1

momentum lost by pellet = momentum gained by block

speed of pellet = 1.61 / 8.80 × 10-3 = 183 m s-1

183
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The steel block reaches a greater height than 0.63 m.

Momentum is conserved in both. As the pellet rebounds, the change

in momentum of the pellet is greater (its velocity reverses), and

therefore the change in momentum of the steel block is greater

than that of the wooden block.

The mass of the block stays the same, so the initial speed of the

steel block is greater.

So the initial KE of the steel block is greater, and as this KE is

transferred to GPE, the height reached by the steel block is greater

than with the wooden block.

The wooden block experiment is more accurate. The steel block

calculation would need to assume that the collision is elastic so that

the change of momentum of the pellet can be calculated.

This is unlikely due to deformation of the pellet, production of sound

etc., and therefore the steel method is unlikely to produce accurate

results.
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A step-index fibre has a thin central core of transparent glass

surrounded by a glass cladding of lower refractive index.

The core is the transmission medium: the light (em waves) travels

along the core by total internal reflection at the core-cladding

boundary.

The cladding provides a lower refractive index than the core so that

total internal reflection takes place. It also protects the boundary from

scratching, which could lead to light leaving the core.

cladding: lower refractive index

core (higher n)

cladding

TIR at core-cladding boundary
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Blue has the greater refractive index, so travels slower than red (v =

c/n).

tblue = d/(c/n) = 1200 / (3.00 × 108 / 1.467) = 5.868 × 10-6 s

tred = 1200 / (3.00 × 108 / 1.459) = 5.836 × 10-6 s, difference =

3.2 × 10-8 s

So red reaches the end before blue and the pulse is longer when it

leaves: material pulse broadening.

Use a monochromatic source (e.g. a laser of a single wavelength), so

the speed of the pulse is constant and there is no material pulse

broadening.

Use repeaters at shorter intervals, so the pulse is reformed before

significant pulse broadening has taken place.

(A monomode fibre would only reduce multipath (modal) dispersion,

not this material dispersion.)
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Diffraction of sound: e.g. hearing sound through an open doorway (or

out of the end of a pipe) when the source cannot be seen.
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The measured time is the difference between the times taken by

the sound and by the light; the calculation assumes light takes no

time to reach the observer, i.e. its speed is infinite.

The sound from a gun (the bang) is a mixture of many frequencies.

All of the frequencies (all the sound) reach the observer at the

same time, so the bang sounds the same close up and far away, so

the speed is independent of frequency.

c = d/t  so  t = d/c

t = 2500 / 480 = 5.21 s

5.2
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It is more accurate, as 350 m s-1 is much closer to the accepted

value of 331.29 m s-1 than 480 m s-1 is.

The method and value are published (in a journal) and peer reviewed.

Other scientists repeat the experiment using the same method and

get the same value.

When θ = 0 °C,  c = 331.29 m s-1

331.29 = k √(0 + 273.15) = k √273.15

k = 331.29 / 16.527 = 20.045

20.0

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk

