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A) For  a  cyclic  engine  we know that

DU = DQ - dW=O

8 DQ  = dw

We are concerned about the efficiency of
this engine ,

which Is defined by

M= ¥ where

Qabs
is the heat absorbed by the system

abs

Recall that DQ = Tds

⇒ Wto = § dw = §dQ = § TDs

= A

If  he considerthe cycle gay from a → b → c- de e → f
,

then  we  notice that heat  is only absorbed from a → b & c→d

Integrating from State a to state d

Qabs =

fad Tds = A + B

⇒ t.net#eEC



If we created a Carnotengine that Also  operated between the

temperatures IT > Is
,

then a IS plot would look like
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We see that Ac > A & Bc=B
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b) The efficiency if = ( I + '31A ) '

does not change for  a  reversible

process .
Because the ( Arnot engine involves two  isothermal

.

processes paired with two adiabatic processes ,
then for

twogiven operating temperatures T
,

& Tz

Ac = §
z

- S
,

) ( Tz - Ti )

Be = ( Sz - S
, )T ,

We can see then that the TETYTZ = 1- Tltz
:

.  it  only depends on the mind Max temperature by minimizing
the ratio 131A

. Any other cycle will only decrease this
ratio & be less efficient .

1.4-1

We begin by recalling from the previous problem that

M= Was ⇒ W= 7 Qabs



Additionally ,
we first recognize that this is a Cannot engine .

As

Mentioned in Problem (1. 2)
,

the efficiency in  related to the

minimum & maximum Operating temperatures  of the system

m
= 1 - Tilt

z

⇒ W = ( 1
- Tkz ) Qabs

So now  we just need to determine how  much heat  is absorbed

by the system .

Heat  is absorbed between States A  → B & B → C

Qq⇒B ;
This  is the most  straightfoward contribution to  compute .

- As stated by the problem the substance  is transitioning
from  a liquid to gas & its heat  is

,
therefore

, given by
the latent heat

k= 200 cal / mol

QB →  c.
. Now the substance  can be approximated by an ideal

= gas . For  an  ideal gas

du = 0 = DQ - dw ⇒ dQ=dW= Pdv

For  an  ideal gas ,
the equation  of  state  is given by

PV = NKT ⇒ PC *T ) =

N¥
This  is  an isothermal process  : ,  T=  

const⇒ QB→c= § dQ= ftp.wk#zdv=NkTz=ogYv4y3)

I Qabs ' QA * Bt QB→< = Lt Rtz log ( VYVB )

⇒ W= ( 1 - Type ) ( L + Rtzlog ( KAB ) )
2.71828

I

where I substituted Nk =  NR for  convenience  of the calculation

Plugging in  all the appropriate  values
,

we see that

W= ( 1- ' 50Xzoog)Room+4.99cab
) ( 300blog pageD) ⇐ 400 cal



It

a)
We first  need to derive Maxwell relations to  relate S & W to
the Helmholtz free  energy . So first  consider

A  = U - TS ⇒ d A  = DU - Tds - SDT

←

= -SDT - dw

⇒ ( ¥w)t= - 1 �1� & ( ¥,)w= - S �2�

i

So by integrating out equations for W & S
,

we  can  solve for A

Let's begin  w/ our equation for W

W=R To log (¥o )

From Eqn .
�1�

,
he quickly see that

,
for T held constant @ To

AN
,
To )= - RI log (¥0) AG

To  solve for the temperature dependence ,
he take our

equation for S

s - R ¥ (E)
a

�3�

Using Eqns�2� & �3�
,

& holding V const .

AN F) = - Ra# f. ( F.)
a "

+ CCV ) Bf

when CN ) is a constant  of  integration that can depend on V
,

since V was held constant for our  integration



We can solve for CN ) by taking Eqn BO and setting F- To & comparing
to Eqn . AO

A ( V. to )= - RI log ( %o ) = - Raft ( if ) + CW )

⇒ car ) = - R To log ( Yv .) + Rate ¥
:O AND = IF F. a-that

'

] - Rtoeog (Io )

b) Return to the differential form of the Helmholtz free energy
and replace dw = PDV

DA  = - SIT - PDV

Then we see that  
- P  = ( d%v)t

:P =
. Rate t.fi . E.)

at '

]

*
RF

C) Finally ,
he look to calculate the work for  a  constant temp

T by simplyintegrating our answer from part ( b )

W= f PDV

W =
- Raft a [1 - (F)

atiftrtoeog
(¥ )Vo i

where
Vf

is the final State volume & V , is the initial State volume

⇒ W = A ( Vi ,
T ) - A- ( Vat )

& LNE Vt - Vi

W = -ALA


