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1) (SOpolnh) 
Consider one mole of a monatomic ideal gas at an initial state ( PI, VL, TI ).The gas is taken to its final 
state ( Pz , V,, T,) through an intermediate state ( PA, VA , T A ) .  ?'he two processes by which the gas is 
taken from state I to state I1 are: 

1. An isothtrmal doubling afthe volume from srate I to state A. 

=, 2. A rrversibk ndiaba~ic expansion from state A to stare TI. State I1 lies on an isotherm T, = -. 
4 

These processes are shown on the plot below: z*v, / 
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b) Crnpohk) 
i n 4  mtrgy hangc going fiom state I to st- I1 in m of TI and 

tht gs$ mmmu R 



Now aonsider the where instead of going ftom stare A to state 11 via a reversible adiabdc 
+on, the gas b &en from state A to stare I1 via: 

1. A n ~ o n b y a p ~ t r o p i c p t h g i v c o b y   constant h m s r ~ e A t o r t a t e B , w h e r e ~ B b  
on an incermalhc bthctm b e e n  TI and T2. 

2. An i r o h I  qansion along c h i  intermediate isotherm to state C, which lies on the adiabat thsa 
a n m a s  swte A and state II. 

3. A mi& adiakic expansion dong &is adiabat w m e  U. 

Thest 7 arc shown on the plot beIow: 
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dl ( S p W  
Determint the hcmal  energy change going fro state I to state I1 for chis pmes  in terms of TI 
and the gas cons- R E x p h  yam answer. @ 

A'E pa= nc,or ~ 3 4  
A U = CV (~t-rI) U s 0  (ik+bhc~) 

[[A 
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e) ( 1 2  porntr) 

If 4~ + B  = -2 w ~ - . ~ ,  solve for the exponent N for the path PV = C O ~ L P ~ ~  going h r n  state A to 

scare B. @ 7 
C<<FQ , c 2  - *  1 ) 

3 
R - - 
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f )  ( 3 ~ o i n i j )  
If the gas is expanded from state I to state 11 by some irreversible process, whu is the internal energy 

relationship between w,, and wi,  ? What is the  rciarionship between q, and 
q, ? Explain. 
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2. (25 points) 
SranfordJunior University is deservedly famous for its vast output of nanoengineers and 
nanoscientists. Sorne argue that this has been going on much Ionger than the currenr inrerest in 
nanomarerials, 

At the Bill Gates Institute for GNP (GigaNanoProgress), an enterprising Stanford Ph.D., Dr. 
Demetrius Witt, known as Dimi by his friends, has developed a new cyclic process, which is 
illustrated below. 

An ideal monatomic gas fills a container with an inirial volume of 1.0 liter so thac the pressure is 1.0 
atmosphere at 298K. This defines the point 0 on the plor, and the origin of the STANFORD CYCLE. 
From this starting point, the following processes are conducred. 

1) A reversible isochoric increase in presswe to 1.5 atmospheres (point 1 ), 
2) A reversible expansion along a "circular" path to poirlt 2, during which the pressure drops 

back to I atmosphere, and the volume increases to 1.5 liters, 

3) A reversible isobaric compression to a volume of 0.5 liters (point 3), 

4) A reversible expansion along a "circular" path to point 4, during which the pressure drops to 
0.5 atmospheres, and rhe volume increases to  1.0 liter, and 

5 )  AII isochoric incrcnsc in pressure thac returns the system to point 0, and completes the 
cycle. 

Volume (liters) 
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a) (1 5 points) 
Before reducing the size of this engine to nanodimensions using the latest nanornachining 
technology, a Berkeley graduace suggested that the efficiency of the STANFORD CYCLE be 

evaluated. Using the given information, determine the net work ~erforrned by the cycIe, and 
rhe efficiency of the cycle, q. Show your work, and/or explain our reason*. 

=O C ~ S Q C Q ~ ~ W  ;t> 
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b) (10points) 
The temperature of the ideal gas varies continuously along the path. Points 1 and 2 lie on 
an isotherm, and the maximum temperature is reached dong the path from 1 to 2. Points 3 
and 4 also Iie on an isotherm, and rhe minimum temperature is reached dong the path from 
3 t o  4. The maximum PV product is 1.832 lirer*atm, and the minimum PV product is 0.4179 
liter*atm. Using this information, determine the efficiency of a Carnot cycle operating 
between these maximum and minimum remperatures. 
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3. (25points) 
O n e  mole of solid aluminum at 600°C is placed in an adiabatic container along with two moles of 
solid titanium at 25°C ar constant pressure. The two metals are in thermal contact (can exchange 

hear with one another), but as a result of being a&abatically contained can exchange no hear with 
the surroundings.The system reaches thermal equilibrium ar some temperature T. In contrasr to 

ideal gases that have heat capacities that are independent of temperature, d ~ e  heat capacities of real 
gases, liquids, and solids do vary with temperature. 

For solid aluminum and titanium, the molar constant pressure heat capacities (in joulesldeg) are: 

a) (15 poinrr) 
Using this information, determine the equilibrium temperature, T. 



b) (1 i) points) 
Using your answer to part a), determine the entropy change of the system that accompanies 
this irreversible process. 

@ JJmd oniy $you did norlet an anwrr to part a), assume a final rcrnperarurc of25WC, and 
determine the entropy change of the syitcrn. . 
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