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The strong nuclear force (strong interaction) holds the nucleons together.

It is attractive at separations up to about 3 fm, so it overcomes the

electrostatic repulsion between protons.

It is repulsive at very short separations (below about 0.5 fm), which

stops the nucleus collapsing.

It has a very short range: it is negligible beyond about 5 fm. It only

acts on hadrons (baryons and mesons) and is mediated by gluons /

pions.

In alpha decay the total number of nucleons (baryons) is unchanged:

the baryon number of the parent nucleus equals the baryon number of

the daughter nucleus plus that of the alpha particle (4).

In β− decay a neutron changes into a proton, and both have baryon

number +1.

The beta particle (electron) and the antineutrino are leptons, so they

both have baryon number 0, so baryon number is conserved.
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Strangeness is not conserved: it changes by 1 (from +1 to 0).

Particle accelerators and detectors are very expensive, so collaboration

spreads the cost of building them, and many different skills / disciplines

are needed which one team is unlikely to have.

Results must be independently checked and peer reviewed (validated) by

other teams before they are accepted.

π− = ūd   and   p = uud
K0 = d s
Strangeness is conserved in the strong interaction, so the
Λ0 must contain an s quark: ūd + uud − d s

uds

stemup.co.uk

https://stemup.co.uk


Gain in Ek = loss in Ep

½mv2 = mgh

½v2 = 9.81 × 8.0

v = √(2 × 9.81 × 8.0) = 12.5 m s-1

12.5
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In Figure 1 the slope is constant, so the acceleration of the truck is

constant (uniform) all the way down the ramp.

In Figure 2 the acceleration is greatest at the start / top where the

slope is steepest, and then the acceleration decreases as the slope

becomes less steep.

This is because the component of the weight parallel to the slope (mg

sin θ) decreases as the angle of the slope decreases.

Between C and D the runway is horizontal, so there is zero acceleration

and the truck moves at a uniform (constant) velocity.
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The loss of gravitational potential energy (mgh) is the same in both

cases because the vertical drop is 8.0 m, so the gain in kinetic energy is

the same and the speed is the same.

There is no external horizontal force (impulse) on the system of the

truck and water, so the total horizontal momentum of the truck and

collected water is conserved: it does not change.

The rain falls vertically, so it has no initial horizontal momentum. The

vertical momentum of the rainwater decreases to zero when it lands in

the truck (the truck exerts an upward force on it).

As water collects, the mass of the truck and water increases, so the

speed / velocity of the truck decreases.

The horizontal momentum of the water increases and the horizontal

momentum of the truck decreases by the same amount.
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A transition needs an exact amount of energy: the energy difference

between the two levels, to move the electron to a higher level.

In a one to one interaction all of the photon's energy is absorbed, so its

energy hf must exactly equal this difference.

A free electron can transfer just part of its kinetic energy to cause the

transition and keeps moving with lower kinetic energy (lower speed), so

it only needs a minimum energy.

Only transition C (n = 2 to n = 1) gives photons with energy greater

than the work function of 2.1 eV, so only C causes electrons to be

emitted. A and B have too little energy.

φ = hf0 = 6.63 × 10-34 × 5.1 × 1014 = 3.38 × 10-19 J

φ = 3.38 × 10-19 ÷ 1.6 × 10-19 = 2.1 eV

Photon energies: A = 1.5 − 0.85 = 0.65 eV

B = 3.4 − 1.5 = 1.9 eV

C = 13.6 − 3.4 = 10.2 eV
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hf = φ + Ek(max)

12.1 × 1.6 × 10-19 = 2.1 × 1.6 × 10-19 + Ek

Ek = 10.0 × 1.6 × 10-19 = 1.6 × 10-18 J

½mv2 = Ek  so  v = √(2Ek / m)

v = √(2 × 1.6 × 10-18 ÷ 9.11 × 10-31) = 1.87 × 106 m s-1

1.9 × 106

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


The resultant force is zero: forces up equal forces down AND

forces left equal forces right.

The resultant moment is zero: sum of clockwise moments

about any point equals sum of anticlockwise moments.

The point where all the mass (weight) of the body can be considered

to act / be concentrated.
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A acts as the pivot. If the centre of mass were not vertically below A,

the weight would have a moment about A.

So there would be a resultant moment (turning effect) and the beam

would rotate / swing, so it would not be in equilibrium.

Angle at A is 90°, so resolving along the cables:

T1 = 12 000 cos 53° = 7222 N

T2 = 12 000 sin 53° = 9584 N

Check: horizontal T1 sin 53° = 5768 N

T2 sin 37° = 5768 N

vertical: 7222 cos 53° + 9584 cos 37°
= 4346 + 7654 = 12 000 N

12 000 N
T2

T1

7200

9600
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A = πr2 = π × (0.75 × 10-2)2 = 1.767 × 10-4 m2

E = FL / (AΔL)   so   ΔL = FL / (AE)

ΔL = (12 000 × 12) ÷ (1.767 × 10-4 × 2.0 × 1011)

ΔL = 4.07 × 10-3 m

4.1 × 10-3
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m = ρV = 920 × 4.0 × 10-6 = 3.68 × 10-3 kg

W = mg = 3.68 × 10-3 × 9.81 = 3.61 × 10-2 N

3.6 × 10-2

Mass of water displaced = 3.68 × 10-3 kg

V = m / ρ = 3.68 × 10-3 ÷ 1000 = 3.68 × 10-6 m3

3.7 × 10-6
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Let V = volume of iron. Mass of iron = 7800V

7800V + 920(4.0 × 10-6 − V) = 3.9 × 10-3

7800V − 920V = 3.9 × 10-3 − 3.68 × 10-3

6880V = 2.2 × 10-4

V = 3.2 × 10-8 m3

3.2 × 10-8
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Lamps A and C are at their normal brightness (6.0 V across each, the

operating voltage).

R = V2 / P

RA = RC = 6.02 ÷ 6.0 = 6.0 Ω

RB = RD = 3.52 ÷ 4.1 = 3.0 Ω (2.98 Ω)

Each branch (A + B or C + D): R = 6.0 + 3.0 = 9.0 Ω, pd = 9.0 V

pd across A (and C) = 6.0/9.0 × 9.0 = 6.0 V

pd across B (and D) = 3.0/9.0 × 9.0 = 3.0 V

Current in each branch = 9.0 ÷ 9.0 = 1.0 A

A and C need 6.0 V (I = P/V = 1.0 A): normal brightness

B and D get 3.0 V, less than 3.5 V: dimmer than normal
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The pd across A equals the pd across C (both 6.0 V), so the two ends

of lamp E are at the same potential.

So the pd across the new lamp E is 0 V, so there is no current in E

and E does not light.

The current in the other lamps and the pd across them do not change,

so lamps A, B, C and D are not affected: A and C stay at normal

brightness and B and D stay the same (dim).
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The total resistance increases from 4.5 Ω to 7.0 Ω, so the current in

the battery decreases from 2.0 A to 1.29 A.

Before: total R = 9.0 Ω ∥ 9.0 Ω = 4.5 Ω

I = V/R = 9.0 ÷ 4.5 = 2.0 A

After B fails: A and E in series = 6.0 + 6.0 = 12 Ω

in parallel with C: (1/12 + 1/6)-1 = 4.0 Ω

in series with D: R = 4.0 + 3.0 = 7.0 Ω

I = 9.0 ÷ 7.0 = 1.29 A
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There is a central white fringe (maximum), with dark fringes between

bright fringes.

The fringes on either side are spectra (a range of colours), with blue /

violet closest to the centre and red furthest from the centre.
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The central fringe is a mixture of red and green light (it looks yellow /

orange).

On either side separate red and green fringes are seen, with dark gaps

between them.

The green fringes are closer together than the red fringes: the spacing

of the red fringes is 1.2 times (20% greater than) the spacing of the

green fringes, so the green fringes are closer to the middle.

The 6th green bright fringe overlaps (coincides) with the 5th red bright

fringe, so a mixed fringe is seen there.

Fringe spacing w = λD / s, so w ∝ λ

wred = 1.2λD / s = 1.2 wgreen

Red fringe spacing is 20% greater than green fringe spacing.

6 × wgreen = 6λD/s   and   5 × wred = 5 × 1.2λD/s = 6λD/s

so the 6th green fringe overlaps the 5th red fringe.
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The wavelength is found using λ = ws / D, where w is the fringe

spacing, s is the slit separation and D is the slit to screen distance. So

the uncertainty in λ depends on the uncertainties in w, s and D.

Decreasing s: the fringe spacing w = λD / s increases, so the fringes

are further apart. The absolute uncertainty in measuring w (e.g. with a

metre rule across several fringes) stays about the same, so the

percentage uncertainty in w decreases.

However, s is already very small (less than 1 mm) and is measured with

a travelling microscope or vernier calipers, so making s smaller increases

the percentage uncertainty in s. The percentage uncertainty in s is

probably already the largest of the three.

Decreasing D: the fringe spacing w decreases, so the fringes are closer

together and harder to measure, so the percentage uncertainty in w

increases. D is also smaller, so the percentage uncertainty in measuring

D (with a metre rule or tape measure) increases.

The percentage uncertainties combine: % uncertainty in λ = %

uncertainty in w + % uncertainty in s + % uncertainty in D.

So decreasing D is not likely to reduce the uncertainty in the

wavelength, because both the % uncertainty in w and in D increase.
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Decreasing s reduces the % uncertainty in w but increases the %

uncertainty in s, which is likely to be the largest, so overall it is unlikely

to reduce the uncertainty in λ. Neither change is likely to give a more

accurate value; increasing D (and measuring across many fringes) would

be better.
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