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Ideal gas realization of a
Carnot engine

PA

MNmax = 1- TZ/TI

B kT

v

o _
To Sy @ - icoHamal aequsion Tx= !
\ VQ,
O_\-- (\MKTI \’Vq'
M@ - isothachal compression at Tﬂ-é"""‘“*
Q _ Ty T‘g\ \‘\V"-/\,‘
f~ Tz T WNe
Al batc
¥\ () ) 3"
® T Vo = Tr Ve
B'\ (‘L\ “"‘
> b % Gz T
A v T



ZEROTH LAW

"IS %MA 'S \«M%\

BLC ofe (n Sim wih e

beinen with BEC Hran
ch a‘\’\w'-

o0 ( X"‘*Xo >
Xcoo —X°






A3. A reversible heat engine is used as a refrigerator to run a domestic freezer. It

A4,

consumes 50 W of electrical power and maintains the cold reservoir at —18 °C
in a room at 20 °C. Draw a heat engine diagram depicting the flow of heat and
work, find the coefficient of performance of this refrigerator, and calculate the
rate at which it extracts heat from the cold reservorr.

A reversible heat engine performs 108 J of work and dumps 10° J of waste heat
to a cold reservoir at 15°C. Calculate the temperature of the reservoir from
which the engine draws heat.
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B3. An ideal gas initially at volume V; = 20L, temperature 7, = 20°C, and
pressure P; = 10° Pa is isothermally compressed to P» = 20 x 10° Pa.

The adiabatic index of the gas is 7/5. Note: you may find useful to know that
In(20) = 3 and 20°/7 = 8.5 are precise enough approximations for this question.

(a) What is the volume V, and temperature 7', after this compression?
(b) Compute W,, the work done on the gas during the compression.

(c) Compute Q,,, the amount of heat into the gas during the compression.
The same gas is then brought back adiabatically to a pressure P; = 10° Pa.

(d) What is the volume V3 and temperature T; after this expansion?
(e) Compute O»3, the amount of heat into the gas during the expansion.

(f) Compute W»3, the work done on the gas during the expansion. Hint: Show
that cy = R/(y — 1) using Mayer’s relation and compute the change in
internal energy.

The gas is brought back to the initial conditions through an isobaric expansion.

(g) Compute W3, the work done on the gas during this expansion.

(h) Compute O3y, the amount of heat into the gas during this expansion. Hint:
as in (f), you can show that cp = yR/(y — 1).

Now consider the complete cycle | -2 — 3 — .

(i) Sketch this cycle onthe P — V plane.

(j) What is the net work done on the gas during the complete cycle?
(k) During which part of the cycle is heat flowing into the gas?
)

(I) Is this cycle a heat engine or a refrigerator? Compute its efficiency (or
coefficient of performance).
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