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Example 1
There is an ideal gas in an insulated container. The volume of the container increases from 10

m3 to 20 m3 under a constant pressure of 20 x 10° Pa. What was the work done on the gas”?

Solution:
P(10°Pa)
A

We will use the formula 20 — o —p—

| | ~
We know that AV =10, P=20x | |

l I
We plug these values inand get(" W=PAV=2x10") | |
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Example2

As shown in the diagram below, firstly, the pressure of an ideal gas changes from 20 x 10° Pa
to 40 x 10° Pa at the volume of 10 m?3. Later, the pressure of it changes from 40 x 10° Pa to 20
x 10° Pa while the volume increases from 10 to 20 m3. What is the work done by the gas?

Solution:

You have a work is equal to 1
40 bar

During process 1. volume did NOT change, there was no work done.

) ) ) P 1 P 2

However, during process 2, you can solve this by taking the area under the curve. rocess Tocess
20 bar

We see from the graph that the area under the curve can be simplified I

to a rectangle and a triangle. If we take the areas of the two and add them together, V& ‘

1 | | ,
Aproc.z = Atriangle + Arectangle then Aproc.2 = E AV AP+ pi AV .
where AP=(P,—P,)=40-20=20x10> and

AV =(V,—V.)=20-10=10 then A ={%(1Ox20><105 )}+(20x 105 x10) = 300 x 105

proc.2

=3 x 107
+ W

=W
=W

Aproc.z
W

proc.2

total proc.1 proc.2

W, =0 +3x107 = 3x 107 J
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Example3
An ideal gas in an insulated container. If the work done on the gas is 4 x 10° J, under

a constant pressure of 2 x 10° Pa and the initial volume of the container is 30 m?,
what is the final volume? o

Solution: [ 0
\f 7

We will use the formula @ (\/\,{ I\ > \ j y \ O g

We know that AV = P = 6/2x10° \}\j \/]/

4
V,=30 - 20410 m?
/§)\7

o — /
Example 4 Z

Q%ol

An ideal gas in an msulate;%ontalner The volume of the container decreases from 25 m3 to 5
m?3 under a constant pressure of 3 x 10° Pa . What was the work done on the gas?

Solution: b
W =

We will use the formula — Q

We know that

We plug these values in and ge

W=PAV= - 6x10°)

/]
2]
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Example5

Unit mass of a certain fluid is contained in a cylinder at an initial pressure of 20 bar. The fluid is allowed to expand
reversibly behind a piston according to a law pV? = Constant until the volume is doubled. The fluid is then cooled
reversibly at constant pressure until the piston regain its original positions; heat is then supplied reversibly with
piston firmly locked in position until the pressure rises to the original value of 20 bar. Calculate the network done by
the fluid, for an initial volume of 0.05 m?3

Solution:
v,\* 20
pz-h(;:) =53 = 5 bar
2
W,, = IpdV 20 = 10¢
1
" e T PV = constamt
ie. W,; = I —dV where c=p,V{ =20 x 005" barm® E
¥, V i,
therefore E
—
17 [=
WIJ- ]'ﬂ'sxm!ﬂ.mﬁ[-—] = :
v 0.0 E
= mumxnms(ﬁ:’—s-n—h)n 50000 N'm e A B
0.05% (1]
W, = area 32BA3 = p,(V;, — Vy) = 10° x 5 x (0.1 — 0.05) "d’ntl.rme,.'{m’]-

= 25000 N m
Work done from 3 to | is zero since the piston is locked in position. Therefore
Network done = Wi, + W;, = {enp[nsed'area 1231)
= 50000 -25000= 25000 Nm
Hence the net work done by the fluid is + 25000 N m.
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HOME WORK

/1.1 A certain fluid at 10 bar is contained in a cylinder behind a pis- | ~ 1.3 005 m® of a gas at 6-9 bar expand reversibly in a cylinder behind
ton, the initial volume being 0-05 m?, Calculate the work done by the a piston according to the law pv*?=constant until the volume is
fluid when it expands reversibly, | 0-08 m®. Calculate the work done by the gas and sketch the process

(a) At constant pressure to a final volume of ¢-2 m®, Bk SIagram. K4S RO DV
(b) According to a linear law to a final volume of 0-2 m® and a N\ 1.4 1 kg of a fiuid expands reversibly according to a linear law from
final pressure of 2 bar. 4-2 bar to 1-4 bar. The initial and final volumes are 0-004 m® and

{cy According to alaw p¥ = constant to a final volume of 0-1 m?, 0-02 m® respectively. The fluid is then cooled reversibly at constant
(d) According to a law pV® = constant tc a final volume of pressure and finally compressed reversibly according to a law
0-06 me. _ pv=constant back to the initial conditions of 4-2 bar and 0-004 m?.

(¢) According to a law p=(4/¥H)—(B/V) to a final volume of Calculate the work done in each process stating whether it is done
0-1 m® and a final pressure of 1 bar. 4 and B are constants. on or by the fivid and calculate the net work of the cycle. Sketch the
Sketch all processes on the p-V diagr cycle on 2 p-v diagram. (4480; —1120; — 18{}5; 1515 N m)
(1 50 000; 90 000; 34 700; 7640; 19 200 N m) v 1.5 0-09 m® of a fluid at 0-7 bar are compressed reversibly to a pres-
sure of 3-5 bar according to a law pv*=constant. The fluid is then

12 1kg of a fluid is compressed reversibly according to a law heated reversibly at a constant volume until the pressure is 4 bar; the
pv=025 where p is in bar and v is in m®/kg. The final volume is $ of specific volume is then 0-5 m3/kg. A reversible expansion according
the initial volume. Calculate the work done on the fluid and sketch to a law pv®=constant restores the fluid to its initial state. Calculate
the process on a p-v diagram. (34 660 N m) the mass of fluid present, the value of » in the first process, and the
net work done on or by the fluid in the cyele. Sketch the cycle on a

p-v diagram. (0-0753 kg; 1-85; 676 N m)

‘
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