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A proton (p)

Conserve charge: +1 +1 = +1 +1 −1 + Q, so Q = +1
Lepton number: 0 = 0 + 0 + 0 + L, so L = 0
Strong interaction, strangeness conserved: S = 0

0

0

+1 (e)
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Hadrons are particles made of quarks (and/or antiquarks). Their

identifying property is that they can interact via the strong nuclear

force (as well as the weak interaction, and the electromagnetic force if

charged). Leptons are not hadrons because they do not feel the strong

force.

The two classes of hadrons are baryons and mesons. A baryon is made

of three quarks (qqq), for example a proton is uud and a neutron is

udd; an antibaryon is made of three antiquarks. A meson is made of a

quark and an antiquark (one quark and one antiquark), for example a π+

is an up quark with an anti-down quark, and a kaon K+ is an up quark

with an anti-strange quark.

Stability: the proton is the only stable free baryon, so all other baryons

eventually decay into a proton. For example a free neutron decays (by

the weak interaction) into a proton, an electron and an electron

antineutrino, with a half-life of about 10 minutes.

Mesons are all unstable as free particles. For example a kaon decays

into pions, and pions decay into muons and neutrinos (or into photons

for the π0), so no free meson is stable.
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v = 5.5 km s−1 = 5.5 × 103 m s−1

Ek = ½mv2

Ek = 0.5 × 610 × (5.5 × 103)2

Ek = 9.23 × 109 J

= 9.2 × 109 J (2 s.f., same as the data)

9.2 × 109
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The parachute pushes the gas out of the way, so the gas is accelerated

and its momentum is changing. By Newton's 2nd law a (resultant)

force must act on the gas to change its momentum, so the parachute

exerts a force on the gas.

By Newton's 3rd law the gas exerts an equal magnitude and opposite

direction force on the parachute, so there is a resistive (drag) force on

the system acting upwards.

This resistive force is greater than the weight of the system, so the

resultant force acts in the opposite direction to the motion (upwards).

By Newton's 2nd law the acceleration is in the same direction as the

resultant force, so the system decelerates.
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With more dust the atmosphere is denser, so at any given speed the

parachute has more mass (more gas and dust particles) to displace and

collide with each second.

So there is a greater rate of change of momentum of the gas and dust,

which means a greater resistive (drag) force on the system.

The weight is unchanged, so there is a greater resultant force upwards

on the system and therefore a greater deceleration.

Conservation of energy:

energy to atmosphere = loss of Ek + loss of Ep

loss of Ep = 3.3 × 105 − 2.2 × 105 = 1.1 × 105 J

Ep = mgh, so g = Ep ÷ mh

g = 1.1 × 105 ÷ (610 × 49)

g = 3.68 m s−2

3.7
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v2 = u2 + 2as   (a = −1.2 m s−2)

v2 = 1.82 + 2 × (−1.2) × 1.3

v2 = 3.24 − 3.12 = 0.12

v = √0.12 = 0.346 m s−1

0.35

stemup.co.uk

https://stemup.co.uk


tan 35° = uv ÷ uh

uv = 8.8 × tan 35°

uv = 6.16 m s−1 ≈ 6 m s−1
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At X vertical velocity = 0, so v = u + at with a = −9.81 m s−2

0 = 6.16 − 9.81t, so t = 6.16 ÷ 9.81

t = 0.628 s

0.63

v2 = u2 + 2as with v = 0:  s = u2 ÷ 2g

s = 6.162 ÷ (2 × 9.81) = 1.93 m

1.9
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To have a smaller horizontal velocity the ball must be hit at a larger

angle to the horizontal, so it has a greater initial vertical velocity and

goes higher than X before falling.

So it is in the air for a longer time and covers the same horizontal

distance with a smaller horizontal velocity. It must be falling towards

the ground (past its maximum height) when it lands at X.
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Both X and Y have the same number of protons (5, as they are both

boron isotopes).

X has more neutrons than Y (Y has fewer neutrons than X).

specific charge = Q ÷ m, so m = Q ÷ specific charge

m = 1.6 × 10−19 ÷ 8.7 × 106

1.84 × 10−26

number of nucleons = mass of ion ÷ mass of a nucleon

= 1.84 × 10−26 ÷ 1.7 × 10−27 = 10.8

must be a whole number, so 11

11
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The specific charge of an ion of X is less than that of an ion of Y.

For the same charge, specific charge is inversely proportional to mass,

and X has more mass than Y.

Sample 2 contains a greater percentage of Y, because it has a higher

specific charge (lower mean mass per ion) and Y has less mass than

X.

Mean mass of an ion in sample 1 = 6.31 × 10−10 ÷ 3.50 × 1016 = 1.80 × 10−26 kg

Mean mass of an ion in sample 2 = 6.20 × 10−19 ÷ 3.50 × 107 = 1.77 × 10−26 kg

Specific charge of sample 1 = 1.60 × 10−19 ÷ 1.80 × 10−26 = 8.87 × 106 C kg−1

Specific charge of sample 2 = 1.60 × 10−19 ÷ 1.77 × 10−26 = 9.03 × 106 C kg−1
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1.5 J of energy is converted from other forms (chemical) to electrical

energy per 1 C of charge passing through the cell, i.e. 1.5 J of work is

done in moving 1 C of charge through the cell.

Total power output P = εI

P = 1.5 × 0.31 = 0.465 W ≈ 0.47 W

wasted power in cell = I2r = 0.312 × 0.65 = 0.0625 W

power in R = 0.465 − 0.0625 = 0.403 W

0.40
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E = Pt, so t = E ÷ P

t = 14 × 103 ÷ 0.465

t = 3.01 × 104 s

3.0 × 104
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Yes: the pd across the lamp is 1.3 V, so the circuit provides the lamp

with 0.80 W at 1.3 V.

Lamp: R = V2 ÷ P = 1.32 ÷ 0.80 = 2.11 Ω; I = P ÷ V = 0.80 ÷ 1.3 = 0.62 A

Two identical cells in parallel: current in each cell = 0.62 ÷ 2 = 0.31 A

lost volts = Ir = 0.31 × 0.65 = 0.20 V

terminal pd = 1.5 − 0.20 = 1.3 V

(check: total r = 0.325 Ω, total R = 2.44 Ω, V = 2.11 × 1.5 ÷ 2.44 = 1.3 V)
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The extra cells must be added in parallel with the existing cells.

This means more energy is stored in the bank of cells, and the current

is shared between more cells, so less power is taken from each cell and

the energy lasts longer.

The terminal pd (and the pd across the lamp) is not increased above

1.5 V, so the lamp still works at normal brightness.
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P and Q are in antiphase (180°, π rad out of phase): when P is at its

maximum upward displacement Q is at its maximum downward

displacement.

They have the same amplitude (same magnitude of displacement at any

instant) and the same frequency.
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Figure 9 shows 2 complete wavelengths between P and Q

λ = 0.55 ÷ 2 = 0.275 m

v = fλ = 250 × 0.275 = 68.8 m s−1

69
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The two waves must travel at the same speed in opposite directions

along the string.

They must have the same wavelength and the same frequency, and the

same (or similar) amplitude.
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The generator frequency is unchanged, so the string is now being driven

at three times its new first harmonic frequency.

So the third harmonic is observed (three loops between the ends).

v = √(T ÷ μ): μ increases × 9, so v decreases to 1/3 of previous

f1 = v ÷ 2L, so the first harmonic frequency is 1/3 of previous

f = (1/3) × (1 ÷ 2L) × √(T ÷ μ)
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