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Itotal = Ijib + mr2

= 2.6 × 107 + (2.2 × 103 × 352)

= 2.6 × 107 + 2.7 × 106

= 2.87 × 107 ≈ 2.9 × 107 kg m2  (about 3 × 107 kg m2)
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angle turned = area under ω-t graph (angular displacement)

4.7 = ωmax × (½ × 30) + ωmax × 20 + ωmax × (½ × 45)

4.7 = 57.5 ωmax

ωmax = 4.7 ÷ 57.5 = 0.0817 rad s-1

0.082

stemup.co.uk

https://stemup.co.uk


As the trolley and load move outwards, the moment of inertia of the

rotating system (jib + trolley + load) increases, since I = Σmr2 and

r increases.

The braking torque T is constant and T = Iα, so as I increases the

angular deceleration α decreases.

A smaller deceleration from the same ωmax means the jib takes

longer to stop, so it comes to a standstill later than 95 s (more

than 45 s after X).
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No. The power output of gear C cannot be greater than the power

input to gear B (energy cannot be created).

P = Tω and ωC is 4 × ωB, so TC cannot be more than ¼ of the

input torque (it equals ¼ only if there are no losses).

T = Fr = 6.0 × 0.036

0.22

α = Δω / t = 76 ÷ 2.1 = 36.2 rad s-2

T = Iα  so  I = T / α = 0.054 ÷ 36.2

I = 1.49 × 10-3 kg m2

1.5 × 10-3
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Angular impulse = change in angular momentum = TΔt.

The loaded basket has a large angular momentum Iω. Stopping it too

quickly means this large change in angular momentum Δ(Iω) happens

in a very small time Δt, so the torque T = Δ(Iω)/Δt is very large.

Since T = F × r and the gear radius is small, a large torque means

a very large force F on the gear teeth, which can damage the

polymer teeth.
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Adiabatic: pVγ = constant, so p1V1
1.4 = p2V2

1.4

p2 = p1(V1/V2)1.4 = 1.2 × 106 × (9.0/6.8)1.4

p2 = 1.78 × 106 Pa ≈ 1.8 × 106 Pa

p1V1/T1 = p2V2/T2  so  T2 = p2V2T1 / p1V1

T2 = (1.78 × 106 × 6.8 × 10-5 × 290) / (1.2 × 106 × 9.0 × 10-5)

T2 = 324 K

1.8 × 106

324
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In an adiabatic process there is no heat transfer to or from the gas

(Q = 0).

The compression is so quick that there is no time for heat to be

transferred from the gas to the cylinder and surroundings, so it can

be considered adiabatic.

For the same change in volume, the final pressure is not as high in

the isothermal compression: the adiabatic compression curve on the

p-V diagram is steeper than the isothermal curve.

The work done is the area under the p-V curve between the same

two volumes (the sum of all pΔV during compression), so the area

under the isothermal curve is less.

So less work is done on the gas in the isothermal compression than

in the adiabatic compression.

p

V
V2 V1

adiabatic

isothermal

Work done = area under curve:
area under adiabatic
curve is larger
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Differences: the real cycle has an extra thin pumping loop at low

pressure. This is because a real four-stroke engine needs induction

and exhaust strokes to draw in fresh fuel-air mixture and push out

the exhaust gases. The theoretical cycle has no pumping loop, as the

same air is assumed to be used repeatedly.

The corners of the real cycle are rounded, whereas the theoretical

cycle has sharp corners. This is because the valves take a finite time

to open and close, and combustion of the fuel is not instantaneous.

In the theoretical cycle, heating and cooling happen at constant

volume (the vertical lines). This cannot happen in the real cycle

because the piston would have to stop; in reality the piston keeps

moving while the fuel burns and while the exhaust valve opens.
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In the real cycle the expansion and compression are not adiabatic,

because heat is transferred from the gas to the cylinder walls and

the cooling medium during these strokes. The theoretical cycle

assumes both are adiabatic.

The theoretical cycle assumes only air, behaving as an ideal gas, is

taken through the cycle repeatedly. In the real engine the gas is a

mixture of air, fuel vapour and exhaust gas, which is not ideal (and

γ varies during expansion and compression).

The maximum pressure in the real engine is lower, as the fuel may

not be completely burnt.

The theoretical cycle makes no reference to any mechanism, but the

real engine needs a mechanism, e.g. for valve operation and

generation of the spark.

Why the work output is less: the work done per cycle is the area

enclosed by the loop. The main loop of the real cycle is smaller

(rounded corners, lower maximum pressure, heat losses), so less work

is done per cycle.

The area of the pumping loop is work done on the gas during

induction and exhaust, so it has to be subtracted from the area of

the main loop, reducing the net work done.

Also, work is done against friction between moving surfaces, e.g.

between the piston and cylinder and in the bearings, and energy is

used to drive the oil and water pumps and to open and close the

valves, overcoming fluid viscosity. So the useful work output per cycle

of the real engine is less than the theoretical prediction.

stemup.co.uk

https://stemup.co.uk


Tc = −1 + 273 = 272 K,   Th = 70 + 273 = 343 K

COPref = Tc / (Th − Tc) = 272 / (343 − 272) = 3.83

COPref = Qc / W  and  Qc + W = Qh = 100 W

3.83 W + W = 100   so  4.83 W = 100

W = 100 ÷ 4.83 = 20.7 W  (Qc = 79.3 W)

21
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