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E115 Midterm #1 Fall 2003

1) (50 points)
Consider one mole of 2 monatomic ideal gas at an initial state ( P;, V|, T} ). The gas is taken to its final

state { P, V,, T, ) through an intermediate stare { P,V , T, ). The two processes by which the gas is
taken from state ] to state II are:

1. An isothermal doubling of the volume from state I to srate A.

) . ) T
2. A reversible adiabatic expansion from state A ¢o state II. Scate I lies on an isotherm T, = -1,
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Midterm #1 Fall 2003

a) (12 points)
Solve for the pressure, volume, and temperature at state A and state IT in terms of P, V;,and T;.
Write your answers in the space provided on the plot. Show all work for full credit. (i &

Wavk v Page [
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E115 Midterm #1 - Fall 2003

b) (10 points)
Calculate the work, hca:,(jd internal energy change going from state [ to state II in terms of T, and
3

the gas constant R.
T

el E = AU O (igorhevmal) . D“!”Luw
q:w: BT, ,N(-\:";:‘) = R'r‘ lM(Z) : < heat= work 2 fﬁmi/
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E115 B Midterm #1 ) i Fall 2003

Now consider the process where instead of going from state A to state II via a reversible adiabaric
expansion, the gas is taken from state A to state II via:

1. An expansion by a polytropic path given by PV" = constant from state A to state B, where state B lies
on an intermediate isotherm between T, and T,.

2. An isothermal expansion along this intermediate isotherm to state C, which lies on the adiabat that
connects state A and state II.

3. A reversible adiabatic expansion along this adiabat to state II.

These processes are shown on the plot below:

State |

Srate A

State 1]
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Midterm #1 Fall 2003

E115
c) (8points) A~
If Vo = (4‘\/5 )Vl, solve for the intermediate temperature, T, in terms of T;. @‘1
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Midtefm #1 Fall 2003

d) (5 points)

Determine the internal energy change going from state I to state II for this process in terms of T)

and the gas constant R. Explain your answer. { ¢
ML pAn=neyar =Y
Ap=c, (0-1) AU =0 (iseticr-mal)
A= ZRE-T)
AA="FRT,




E1l1s Midterm #] Fall 2003

e) {12 points)
If g4 —p ==2w4_,p, solve for the exponent N for the path PV" = constant going from state A to

state B. oy 2
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E115 Midterm #7 Fall 2003

£) (3 points)

If the gas is expanded from state I to state [[ by some irreversible process, what is the internal energy
change? What is the relationship berween w,,, and w,, 2 What is the relationship between g,,, and
Gy ? Bxplain. ({

) NQ, the interwal _UU!!Mkj will Mot pla
s & skgte Fuwetion,

Wiy rev ¥ ?!’rmrcv ;S0 A = Wiy

which allows AU 1o bola ;< value.

Mac beanusge

W, = U)‘"‘*X '\
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(25 points)

Scanford Junior University is deservedly famous for its vast output of nanoengineers and
nanoscientists. Some argue that this has been going on much longer than the current incerest in
nanomatecials.

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 concainer with an initial volume of 1.0 liter so that the pressure is 1.0
armosphere at 298K. This defines the point 0 on the plot, and the origin of the STaNFORD CyciE.
From this starting point, the following processes are conducred.

1)
2)

Pressure (atmosphere)

A reversible isochoric increase in pressure to 1.5 atmosphetes {point 1),

A reversible expansion along a “circular” pach ro point 2, during which the pressure drops
back to 1 atmosphere, and the volume increases to 1.5 liters,

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

A reversible expansion along a “circular” path ta point 4, during which the pressure drops to
0.5 armospheres, and the volume increases to 1.0 liter, and

An isochoric increase in pressure that returns the syscem to point 0, and completes the
cycle.
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z
a) (15 points) (

Before reducing the size of this engine to nanodimensions using the latest nanomachining
/ technology, a Berkeley graduate suggested that the efficiency of the STaNFORD CycLE be
evaluated. Using the given information, determine the net work performed by the cycle, and

the efficiency of the cycle, 7. Show your work, and/or explain four reason _g
Wg;,l ""O (‘5°Cl-urit.> -F"
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(10 points)

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 along the path from 1 to 2. Points 3
and 4 also lie on an isotherm, and the minimum temperarure is reached along the path from
3 to 4. The maximum PV producr is 1.832 liter-atm, and the minimum PV product is 0.4179
liter«atm. Using this informarion, determine the efficiency of a Carnot cycle operating
between these maximum and minimum temperatures.
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3. {25 points)
One mole of solid alumninum atr 600°C is placed in an adiabatic container along with two moles of
solid titaninm at 25°C ac constant pressure. The two metals are in thermal contact (can exchange
heac with one another), but as a result of being adiabatically contained can exchange no heat with
the surroundings. The system reaches thermal equilibrium ar some temperatuce T. In contrast co
ideal gases that have hear capacities thar are independent of temperature, the heat capacities of real
gases, liquids, and solids do vary with temperature.

For solid aluminum and titanium, the molar constant pressure heat capacities (in joules/deg) ate:
cp{Al)=207 + (12.4 x 10“3)1‘
cp(Ti)=22.1+ [10.5 x 10‘3]1"

a} (15 points)
Using this information, determine the equilibrium temperature, T.
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El1s Midterm #1 Fall 2003

b) (10 points)

Using your answer to part a), determine the entropy change of the system thar accompanies

g this irreversible process.

@ If and only if you did not get an answer to part a), assume a final temperature of 250°C, and
determine the entropy change of the system
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