
PHYS 301
Thermodynamics and Statistical Mechanics

Worksheet #17
Thursday April 23 2026

Question 1.

Let’s consider a non-Carnot heat engine — call it Ivor — operating between the two temperatures
TH and TC . Ivor performs work W by absorbing Q′

H from the hot reservoir and depositing Q′
C into

the cold. Then we can couple Ivor to a Carnot engine set to reverse. The work W performed by
Ivor now goes into driving the Carnot engine, which takes QC from the cold reservoir and deposit
QH into the hot one.

Proof: Let’s consider a second engine — call it Ivor
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— operating between the same two temperatures TH

and TC . Ivor also performs work W but, in contrast to

Carnot, is not reversible. Suppose that Ivor absorbs Q0
H

from the hot reservoir and deposits Q0
C into the cold.

Then we can couple Ivor to our original Carnot engine

set to reverse.

The work W performed by Ivor now goes into driving

Carnot. The net e↵ect of the two engines is to extract

Q0
H �QH from the hot reservoir and, by conservation of

energy, to deposit the same amount Q0
C�QC = Q0

H�QH into the cold. But Clausius’s

statement tells us that we must have Q0
H � QH ; if this were not true, energy would be

moved from the colder to hotter body. Performing a little bit of algebra then gives

Q0
C �Q0

H = QC �QH ) ⌘Ivor = 1� Q0
C

Q0
H

=
QH �QC

Q0
H

 QH �QC

QH

= ⌘Carnot

The upshot of this argument is the result that we wanted, namely

⌘Carnot � ⌘Ivor

The corollary is now simple to prove. Suppose that Ivor was reversible after all. Then

we could use the same argument above to prove that ⌘Ivor � ⌘Carnot, so it must be true

that ⌘Ivor = ⌘Carnot if Ivor is reversible. This means that all reversible engines operating

between TH and TC have the same e�ciency. Or, said another way, the ratio QH/QC

is the same for all reversible engines. Moreover, this e�ciency must be a function only

of the temperatures, ⌘Carnot = ⌘(TH , TC), simply because they are the only variables in

the game. ⇤.

4.3.2 Thermodynamic Temperature Scale and the Ideal Gas

Recall that the zeroth law of thermodynamics showed that there was a function of

state, which we call temperature, defined so that it takes the same value for any two

systems in equilibrium. But at the time there was no canonical way to decide between

di↵erent definitions of temperature: ✓(p, V ) or
p
✓(p, V ) or any other function are all

equally good choices. In the end we were forced to pick a reference system — the ideal

gas — as a benchmark to define temperature. This was a fairly arbitrary choice. We

can now do better.
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Figure 1: Coupling a non-Carnot engine to a Carnot engine.

(a) What is the net heat absorbed from the hot reservoir by the two engines? What is the net
heat dumped into the cold reservoir by the two engines? What does energy conservation tells
you about the relationship between the net heat absorbed to the net heat dumped?

(b) Use Clausius’s statement of the second law to argue that we must have Q′
H ≥ QH .

(c) Compute the efficiency of the Ivor engine

ηIvor = 1− Q′
C

Q′
H

, (1)

and show that we must have ηIvor ≤ ηCarnot.
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