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tangent at t = 2.0 s

(0, 15.2)

(5.6, 0)

gradient of tangent at t = 2.0 s:

a = Δv / Δt = (0 − 15.2) / (5.6 − 0) = −2.7 m s-2

so deceleration = 2.7 m s-2

F = ma = 1.8 × 104 × 2.7

F = 4.9 × 104 N

4.9 × 104
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The vehicle stops in about 56 m, which is less than 85 m, so the lane

is long enough.

The kinetic energy of the lorry is transferred to kinetic energy of the

gravel as it is pushed aside, and some to potential energy of gravel

thrown upwards.

Work is done on the gravel and lorry, so the KE is also transferred to

thermal (internal) energy, heating the gravel, the ground and the lorry.

distance = area under the speed-time graph

1 large square (10 mm) = 1 s × 2.5 m s-1 = 2.5 m

number of squares under curve ≈ 22.5

distance ≈ 22.5 × 2.5 = 56 m

56 m < 85 m
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Length of ramp needed = 15.6 / sin 25° = 37 m, which is less than

85 m, so the ramp is sufficient to stop the vehicle.

The ramp is safer, because on the straight ramp of uniform gradient the

deceleration is uniform, whereas in gravel the initial deceleration is larger

and may vary, and the vehicle could become unstable and bounce

erratically.

KE converted to PE: ½mv2 = mgh

initial KE = ½ × 1.8 × 104 × 17.52 = 2.76 × 106 J

h = 2.76 × 106 / (1.8 × 104 × 9.81) = 15.6 m
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λv is (approximately) constant for all three sets, so λ ∝ 1/v.

If λ ∝ 1/v then λv = constant:

1.5 × 107 × 4.9 × 10-11 = 7.35 × 10-4 m2 s-1

2.5 × 107 × 2.9 × 10-11 = 7.25 × 10-4 m2 s-1

3.5 × 107 × 2.1 × 10-11 = 7.35 × 10-4 m2 s-1

λ = h / mv  so  h = mλv

h = 9.11 × 10-31 × 4.9 × 10-11 × 1.5 × 107

h = 6.7 × 10-34 J s

6.7 × 10-34
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If the electrons behaved as particles they would travel in straight lines

(or scatter randomly) and produce only a small spot or patch of light

in the centre of the screen.

The rings show diffraction (and interference), which is a wave property.

The graphite causes the electron waves to spread out, travelling in

particular directions.

Bright rings are where the diffracted waves meet in phase and interfere

constructively, like the maxima of a diffraction grating where d sin θ =

nλ.

Each electron transfers its kinetic energy to an atom of the screen

instantly in a one to one interaction (a discrete amount), not spread

out over time as a wave would.

The incident electron collides with an electron in an atom of the screen

and moves it up to a higher energy level, exciting the atom.

When the atom de-excites, the electron moves back down to a lower

energy level and a photon of light is emitted.
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The waves travel along the string to the fixed ends and are reflected.

Two waves travelling in opposite directions (with the same frequency)

superpose / interfere.

The fixed ends cannot move so they are nodes. At some positions the

waves always cancel (destructive interference) giving nodes of zero

amplitude, and at others they interfere constructively giving antinodes of

maximum amplitude.

f = (1/2l) √(T/μ)  so  μ = T / (4l2f2)

μ = 25 / (4 × 0.332 × 3702)

μ = 4.19 × 10-4 kg m-1

so mass of 1.0 m = 4.2 × 10-4 kg ≈ 4 × 10-4 kg

λ = 2l = 0.66 m,  v = fλ = 370 × 0.66

244
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11 mm
15.6 mm

35.5 N

stemup.co.uk

https://stemup.co.uk


From graph: 25 N gives extension of 11 mm

1 rotation = πd = π × 7.02 = 22 mm

extra extension = 22 × 75/360 = 4.6 mm

total extension = 11 + 4.6 = 15.6 mm, so T = 35.5 N

f = (1/2l) √(T/μ) = (1/0.66) × √(35.5 / 4.19 × 10-4)

f = 441 Hz

441
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length of wire = 50 × π × 8.0 × 10-3 = 1.26 m

R = ρL/A  so  A = ρL/R

A = 4.2 × 10-7 × 1.26 / 250

A = 2.1 × 10-9 m2

2.1 × 10-9
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0.32 W is less than the 0.36 W rating, so the maximum power

dissipated is below the rating and the resistor is suitable.

Maximum possible pd across 0.25 kΩ is 9.0 V

max power = V2/R = 9.02 / 250 = 0.32 W

Potential divider: pd across 250 Ω = 9.0 − 5.0 = 4.0 V

current = 4.0 / 250 = 16 mA

Rcombination = 5.0 / 0.016 = 313 Ω (0.313 kΩ)

current in thermistor = 5.0 / 750 = 6.7 mA

current in R = 16 − 6.7 = 9.3 mA,  R = 5.0 / 9.3 × 10-3

(or 1/313 = 1/R + 1/750)

540
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The resistance of the thermistor decreases, so the output pd decreases.

This is because the resistance of the parallel combination decreases, so

a lower proportion of the 9.0 V is across it (a higher current, so a

greater pd across the 0.25 kΩ resistor).
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radius of orbit = 5.0 tan 28.5° + 1.0

r = 2.71 + 1.0 = 3.71 m

v = 2πr / T = 2 × π × 3.71 / 5.2

v = 4.49 m s-1 ≈ 4.5 m s-1
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The greater mass has a greater weight, so the tension in its rope is

greater (for the same angle), and the vertical (compressive) force on

the pole increases.

The centripetal force on the more massive acrobat is greater, so the

horizontal forces on the platform from the two ropes are not equal.

There is an unbalanced (resultant) horizontal force and an unbalanced

moment (torque) acting on the pole, causing the pole to bend or sway,

or the platform to tilt, towards the more massive acrobat.

Vertically: T cos 28.5° = weight = mg

weight = 85 × 9.81 = 834 N

T = 834 / cos 28.5° = 949 N

(check: centripetal force = mv2/r = 85 × 4.492 / 3.71 = 460 N

= T sin 28.5°, giving T ≈ 960 N)

950
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(Total) kinetic energy

Conservation of momentum (taking A's direction as positive):

total momentum before = total momentum after

16 000 × 2.8 − 12 000 × 3.1 = (16 000 + 12 000) v

44 800 − 37 200 = 28 000 v

7600 = 28 000 v

v = 7600 / 28 000 = 0.271 m s-1 ≈ 0.3 m s-1
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In a perfectly elastic collision the trucks would not join: they would

move in opposite directions (rebound) after the collision.

Truck B would move faster than truck A, because the total momentum

is to the right and B has the lower mass (B would have the momentum

that A had before the collision, and vice versa).

impulse = change in momentum

for A: 16 000 × (2.8 − 0.271)

= 4.05 × 104 N s (same size on B, opposite direction)

4.05 × 104 N s
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