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The moment of inertia is the sum of m r2 for all the particles

(constituent masses) of the object, where m is the mass of each

particle and r is its perpendicular distance from the axis: I = Σ m r2.
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Energy conserved: Ep lost by load = Ek gained by load + Ek of pulley

0.5Mgh = ½(0.5M)v2 + ½(0.5MR2)ω2

String does not slip, so ω = v ÷ R:

0.5Mgh = ½(0.5M)v2 + ½(0.5MR2)(v2 ÷ R2)

Cancel 0.5M:  gh = ½v2 + ½v2 = v2

Uniform acceleration from rest: v2 = u2 + 2as = 2ah

so gh = 2ah

a = gh ÷ 2h = 0.5g
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The moment of inertia of the spoked pulley is greater than that of the

solid disc, even though the mass and radius are the same.

This is because more of the mass of the spoked pulley is concentrated

in the rim, so its mass is distributed further from the axis (I = Σmr2).

So a greater proportion of the Ep lost by the load is given to the pulley

as rotational Ek, and a lower proportion goes to the Ek of the falling

load.

So the velocity v of the load after falling the same distance h (in the

same time) is lower, and the acceleration of the load is lower (less

than 0.5g).
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No (net) external torque acts on the system.
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Taking clockwise (from the left) as positive:

angular momentum before = angular momentum after

IAωA + IBωB = (IA + IB)ω

(7.2 × 95) + (11.5 × −45) = (7.2 + 11.5)ω

684 − 517.5 = 18.7ω

ω = 166.5 ÷ 18.7 = 8.9 rad s-1 (about 9 rad s-1)

ω is positive, so the shafts turn clockwise

clockwise
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Both times are between 1.0 s and 2.0 s, so both clutches C and D

allow this.

Angular impulse = Tt = Δ(Iω)

For shaft A: Δ(Iω) = 7.2 × (95 − 8.9) = 620 N m s

Clutch C: 600 × t = 620,  t = 620 ÷ 600 = 1.03 s

Clutch D: 320 × t = 620,  t = 620 ÷ 320 = 1.94 s

(check with shaft B: 11.5 × (8.9 − (−45)) = 620 N m s, the same)
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Input power: measure the volume of petrol used from the calibrated

reservoir in a measured time, using a stopclock, to find the fuel flow

rate (in m3 s-1). Look up the calorific value of the petrol (energy

released per m3 of fuel). Input power = calorific value × fuel flow rate.

Indicated power: use the sensors with a data logger and computer

software to record the cylinder pressure p and the corresponding volume

V above the piston throughout a cycle. Plot an indicator diagram (p
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against V) and find the area of the loop, which is the indicated work

done per cycle (e.g. by counting squares, or with the software).

Measure the rotational speed in revolutions per second with the

tachometer. In a four-stroke engine there is one cycle for every two

revolutions, so the number of cycles per second = rev s-1 × ½. Indicated

power = area of indicator loop × number of cycles per second.

Brake power: the dynamometer measures the output torque T on the

output shaft. Find the angular speed ω = 2π × tachometer reading (rev

s-1). Brake (output) power P = Tω.

Thermal efficiency = indicated power ÷ input power.

Mechanical efficiency = brake power ÷ indicated power.

Repeat the readings several times with the throttle setting and load

kept constant and use mean values.
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Isothermal compression: p1V1 = p2V2

Volume of air before = 1.00 × 10-4 + 2.80 × 10-4 − V

Volume of air after = 2.80 × 10-4 − V

1.01 × 105 × (3.80 × 10-4 − V) = 1.83 × 105 × (2.80 × 10-4 − V)

38.38 − 1.01 × 105V = 51.24 − 1.83 × 105V

0.82 × 105V = 12.86

V = 1.57 × 10-4 m3

1.57 × 10-4
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For the change to be isothermal the temperature, and so the internal

energy, of the gas must stay constant: by the first law, the work done

on the gas must be transferred out of the gas to the surroundings by

heating.

If the compression is very slow, there is enough time for this energy

transfer to take place as the work is done, so the temperature of the

gas stays (almost) constant.
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The second law says a heat engine must operate between a hot

reservoir and a cold reservoir, and must reject some energy QC to the

cold reservoir.

So the useful work done W is always less than QH (W cannot equal

QH), and the efficiency W ÷ QH is less than 100%. It could only be

100% if TC = 0 K, which is impossible.
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6.2 MW is less than 6.4 MW, so the claim is not true.

TH = 175 + 273 = 448 K,   TC = 30 + 273 = 303 K

Maximum efficiency η = (TH − TC) ÷ TH

η = (448 − 303) ÷ 448 = 0.32

η = W ÷ (QC + W), so QC = W ÷ η − W

QC = (2.9 ÷ 0.32) − 2.9

QC = 9.1 − 2.9 = 6.2 MW

So the most the ideal engine can give to the greenhouses is 6.2 MW
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