Q?Cotp (&/CNC 25/2

TAérmog/c?mmm’c&Z. (c]c (65 !

o Cqu. 07/ 54{@;

A (So thepral ([m,,() A -
(7 = | % O(O/Caga/c\c/ /_(i o \//M

(S Cac\b(a\,é)
| | o d&&h@( Lo
y Vo 2y inlevnad vy
I é:‘_;
a é@(c“éa(cbt d 0(& Pd]
Ol & ol ¢ A@@/; AQ < TS

s dend. o> (\/Tz/icj&,

=) g an CO"\SA



A change of the state of the gas by a change in external parameters hence
can be describes as a line in the p-V-diagramme.

WORKED EXAMPLES

Visualise an isothermal (constant T') expansion and calculate the change in
pressure.

i WL P-V= T /Y{Mc'
/\ & = C‘O‘Hg(\ ]/C‘f

100 T /\/ L
g@( A Wat\w
‘ {Og “9
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Visualise an adiabatic (constant S) compression and calculate the changes in
pressure and temperature.
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After a sequence of these changes, we could find ourselves back at the starting
point in the p-V-diagramme. We call the whole process a thermodynamic
cycle, since we could repeat the process over an over again. As we will see
below, thermodynamical cycle can take heat from a hot reservoirs to a cold
reservoir and convert part of it into work. This is e.g. used in car engines,
refrigerators or heat pumps.

5.5.3 The Carnot cycle

The proto-type of a thermodynamic cycle was proposed by the French physi-
cist Sadi Carnot in 1824, and is nowadays know as the Carnot process. Our
case container has access to two different heat reservoirs, one "hot’ reservoir
with temperature Ty and one ’cold’ with T7,.
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gos: PV- Rl =2 Y

Stage One: Qu - heat from hot reservoir

e A ()

At this stage heat is released from the hot reservoir and is absorbed by the ideal gas particles within the system. /(

Thus, the temperature of the system risas. The high temperature causes the gas particles to expand; pushing

the piston upwards and doing work on the surroundings. & sl

Isothermal
Expansion

‘-mwpumnnmm
Stage Two:
At this stage there is no heat exchange b Yy and gs. Thus,
the system is i batic expansion. The expansion allows the ideal gas particles to cool, ing

the temperature of l?\e s;stem.

Adiabatic
Expansion

Movable Pision

87




qc - heal released from system to cold

reservoir
Stage Three: . - Ideal gas particle that is cooled.
At this stage the surroundings do work an the system which causes heat to be

released (qc). The p within the syst the same. Thus,
isothermal compression occurs.

Isothermal
Compression

Movabia Piston

- Ideal gas particle al normal temperature

[ ‘ prior la Camot Cycle commencement.

Stage Four:

No heat exchange occurs at this stage, h , the ti to do work on the system. Adiabatic

compression occurs which raises the temperature of the uyslom'n well as the location of the piston back to its
original state (prior to stage one).

Adlabatic

88
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The figure below shows the Carnot Cycle in the p- V—dlagl amme.

P4 &Mbm@@o o2 L/}‘L//J-éc'{ )
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Apaad L Fo
b Vi v,

A

WORKED DETAILS:

Consider pa, Ty and the volumes V4, Vp and V, as given. Assigning input
to variables is quite tedious, since picking the wrong combination of vari-
ables could easily lead to inconsistencies. The above choice is inspired bya
real experiment: we start at state A at normal condition with p the atmo-
spheric pressure, Ty the temperature of the surrounding and V), our volumen
initially. We then slowly expand (isothermal) until we reach Vz. We then
rapidly expand (adiabatic) until we reach V. The temperature and pressure
at B and C is what we could measure, and, hence, we should be able to cal-
culate those. We then slowly compress (isothermal) until we reach Vp and
then rapidly back to V4. We cannot just give a value for Vp, since if we pick
this value wrong, we would not getting back to V4 with the final compression.
This is telling us that we need to calculate Vp in order to complete the cycle.

e Calculate at each of the points A,B,C,D whatever is missing from:
volume, pressure, temperature.
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e For each of the stages, calculate the heat transfer ) in or out the gas
container.

e For each of the stages, calculate the work W delivered to the gas in the
container (if work is gained, W is negative).
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Stage 2: from B — C O{ﬂ(ﬁéQ{[&
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Stage 3+4: from C - D — A
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