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Problem 3
(a)

P & (T1,P1. Vi)

P A

(T2, P2Vz)
(Ta,P2V1) T
Pz > -4 -

(b)

(i) For an adiabatic process we can immediately say:

Q1—>2 =0 (1)

To find AFE;_,2 it’s easiest to use F = %N kyT for a monatomic ideal gas:

3
AFE,_o = §Nkb (To —T) (2)

= g (6.02 x 10*°) (1.38 x 10_23}]{) (389K — 588K)  (3)
=248 x 10° J (4)

As we expect, AFE7_,o is negative because the temperature decreases.
To find the work we’ll use the first law:

AEI*)Q = Q1H2 - W1~>2
= Wino=—-AE_»
=248 x 10° J (

~—~
N O O
—_ = =



As a check, we see the gas is expanding from 1 — 2 so Wj_,5 should be
positive.

(ii) We can directly calculate the work first:

Vs
Wy_3 = /v2 PdVv (8)
=P (V3 — V) (9)

but we don’t yet know P» or any of the volumes.

V3 is easily found from the ideal gas law:

NkyTy
Vs=V = 10
3 1 Pr (10)
_(6.02 x10%%) (1.38 x 1023 (588 K) a1
N 1.01 x 105 Pa
= 4.84 x 107*m? (12)
For the adiabatic process we have:
PV =PRVy (13)
We can rewrite this in terms of temperatures using the ideal gas law
P — NkT .
v

TV = TV (14)
T1 v-1
Vo= |= Vi 15
s (T2> ' (15)
3
K 2
= (gng) 4.84 x 107 2m? (16)
=8.99 x 1072 m3 (17)

We can find P, from the ideal gas law:



_ NkT»

P, 18
2 7 (18)
(6.02 x 10%%) (1.38 x 10723) (389 K)
- (19)
(8.99 x 10=2 m3)
= 3.59 x 10* Pa (20)
So now we can find the work using (9) :
Wog = Py (V3 — Va) (21)
= (3.59 x 10* Pa) (4.84 x 107>m® —8.99 x 1072 m*)  (22)
=149 x 10* J (23)

As expected, this work is negative because the gas is being compressed.

Again, we can write Fs_,3 in terms of the temperatures,

3
AE;—3 = 5 Nky (T3 — Tb) (24)

To find T35 we use the ideal gas law (again!):

PsVs
Ty = 2
5= Nh (26)
~ (3:59 x 10" Pa) (4.84 x 10~2m?) @)
T (6.02 x 1023) (1.38 x 10723 )
=209 K (28)

This makes sense as we know T3 has to be less than 77 and T based on
the PV diagram.

AEy 3 = g (6.02 x 10%) <1.38 X 1023[‘](> (209 K — 389 K)  (29)

=224 x10% J (30)

This should be negative as the temperature is decreasing from 2 — 3.

Finally we get the heat from the first law:



Q23 =AFE; 3+ Ws_3

—
w
—_

~—

=224 x10° J —1.49 x 10> J (32)
=373 x10% J (33)
so heat leaves the gas as it is compressed at constant pressure.
(iii) Now we know everything we need to do 3 — 1
3
AFE3 = §Nkb (Th — Ts) (34)

— % (6.02 x 10%) <1.38 X 10231‘9 (588 — 209 K) (35)

=4.72x10% J (36)
Vi

Wi = / PdV =0 (37)
V3

(38)

Q31 =AFE3 .1 +Ws_4 (39)

=472 x10% J (40)

Because E is a state variable we better check:

AFE1_ o+ AFEy 3+ AFE3_ 1 =—248 x10° J —2.24 x 103 J+4.72x 10> J =0
(41)
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