Physics 123 Thermodynamics Review

|. Definitions & Facts

thermal equilibrium ideal gas thermal energy

internal energy heat flow heat capacity

specific heat heat of fusion heat of vaporization
phase change expansion coefficient thermal conduction
convection radiation pascal (unit)

state variables reversible process irreversible process
adiabatic process free expansion degrees of freedom
equipartition theorem efficiency of an engine engines and refrigerators
mole Avagadro’s number

[I. Mathematics & Tools

Calorimetry is just bookkeeping with heat flow. If you're not sure if a phase chasgetared, try the
bookkeeping without a phase change (because its simpler) and see if the resuismak

Thermodynamical processes can be represented on p-V diagrams. Work is the arazunveeon a p-V
diagram.

Entropy is only calculable from a reversible cycle, but since it is a stadéblea we can choose any
reversible path and get the same result.

The probability of a given outcome is the number of ways that outcome can occur out of blépossi
outcomes.

lll. Basic Concepts

Thermal energy is the translational kinetic energy of random motion (as opposedrmbati.
Temperature is a measurement of the average thermal energy of a syteral énergy is the sum of the random
translational and rotational kinetic energy and potential energy associtiiddlevinolecules in a system. Heat flow
is the transfer of thermal energy.

When a phase change occurs, heat flowing into or out of the system rearranges the fahgowuate of
the material without changing its temperature.

The First Law of Thermodynamics results from energy conservation.

Internal energy, temperature, pressure, volume are state variables..

The Second Law of Thermodynamics results from probability considerations. The em@mss toward
its most probable configuration. The entropy of the universe cannot decrease in a process.

Internal energy, temperature, pressure, volume, entropy are state variables.

There is no such thing as a perfect engine or a perfect refrigerator. The Cameistige most efficient.

By using a molecular model, we can express macroscopic variablle&€] in terms of microscopic
variables €v,>>, <K>).



IV. Equations to Memorize

Ideal Gas Law: pV = nRT = NkT
heat flow: Q=C4UT =mcdaT, Q=mlk, Q=mlL,
Thermal expansion: AL = alg AT
dT
Thermal conduction: H=-kA—
dx
Work W=- f padv
1st Law: AE,=Q+W
Adiabatic process: pV = constant
Heat: Q=nC4T, Q=nG4T
Internal energy: E.=nCT
2nd Law: ds= d—_? (reversible), AS>0
- . W T
Carnot efficiency: e=-_Y _q-_¢
Qh Th



Physics 123
Sample Exam #2

® Possibly useful information:

R=8.3145J / mold1K
Q=nG/AT, constant volume

Ce=GQ+R y=Gl/ G, &= Ril2

Conceptual Applications

1. 37.2 J of thermal energy is put into each of two objects made of the same material but having
different masses. The object which has the greatest temperature riseligtheavith:

A. greater heat capacity.

B. smaller heat capacity.

C. greater specific heat.

D. smaller specific heat.

E. None of the above.

2. Which of the following statementsrist true regarding the freezing of water:
A. The water molecules slow down as the water begins to freeze.
B. During the freezing process the temperature remains constant.
C. Heat leaves the water as the water freezes.

D.Q=-mlL.

3. A metal sphere is filled with helium gas at low pressure and sealed. A preasyeaeads the
pressure of the helium inside the sphere. The device is then used as a thermometer. Méich of
following statements about the thermometerdstrue?

A. Ignoring small corrections, pressure is directly proportional to temperature.

B. As the temperature increases, the thermal expansion of the metal capsesstire to
be slightly larger than if the metal did not expand.

C. The thermometer ceases to function normally at temperatures below the boiling poi
of helium.

D. The thermometer must be in thermal equilibrium with its surroundings in order to read

properly.



Problems

4. In a constant pressure process, 1.00 mole of an ideal gas is heated from 100 K to 300 K. The
initial volume of the gas is 0.010°nThe molar specific heat at constant voluf@g,is 12.5

J/mole<K and the molar specific heat at constant presSgires 20.8 J/mole+K

(a) What is the pressure of the gas?

(b) What is the final volume of the gas?

(c) How much heat flows into the gas in this process?

(d) How much heat would flow would there be if the gas goes from the same initiabstete

same final temperature, but via a constant volume process?

5. A bimetallic strip of metal is often used as a thermometer. The thin strip @secof two
layers, each made of a different metal. The linear coefficients of expansion ar

upper material: 11 x 16 (°C)™
lower material: 19 x 1 (°C)™

(a) Describe how the bimetallic strip can be used as a thermometer.
(b) What is the ratio of the lengths of the upper and lower surfaces if the strip is Gtdrd
was made (with equal length strips) at 2@

6. An engine runs through the cycle shown at the right BAis
constant pressure, BC is constant volume, and-Q\ is adiabatic.
The following information is given: A B

=8immoles CP:%R, T, = 200K T, = 400K, V,= 000m°

(a) What is the heat that flowsto the engine?
(b) Show thaw/; = 0.002 m. C
(c) Show that the ratio of specific heaty s 1.4

1
(d) Show that p. = pAz—y V




7. A refrigerator runs through the cyclesB=C=D=A as shown. 4
One side is constant volume, one is constant pressure, one is
isothermal, and one is adiabatit= 2.000 molesC, = 29.10 J/

mole-K C, = 20.79 J/ mole-KR =8.3145 J/ mole-K. The P D
following are known:

B C
A B C D
p 300,000 | 200,000 Pal 200,000 Ha 225,000|Pa V
Pa
V 0.01109 — — —
m3

(a) Identify the type of process for each side of the cycle.

(b) Find the temperatures at each vertex. (Assume all numbers are accuratesignificant
digits.)

(c) What is the net work put into the refrigerator during each cycle?



Answers

Conceptual Applications

1B 2A 3B
Problems
4. (a) D- NRT _ 1.0mole x8.31J/mokK % (100K) _ 83.1 kPa
\Y 0.010n?
T, T V., T
(b) p-NRT _ P _1__2 VRN LI 0.010mPx300K _ 4 43047
Vv nR VvV, V, T, 100K
(c) Q=nG 4T =1 mole x 20.8 J/ mole K x 200 K = 4160 J
(d) Q=nGC,4T =1 mole x 12.5 J/ mole K x 200 K = 2500 J

5. (a)Since the two metals expand differently, the strip cannot remain flat as the temperature
changes. The curvature of the strip will be an indicator of temperature.

/
bp _ lptAly ol AT 1o AT 1+11><106><80:0_99936

(b) Voun loon™Dliown Lo oOaounAT 17040, AT 1+19x10°x80

6. (a) For constant temperature and constant volume processes, the heat flow is given by the
specific heat equations. It is readily seen from these equations that heanflowe system
when the temperature rises, so heat flows in during the constant pressure leg:

Q=nC,AT - 7LzRAT - %J/szoo K=700J

(b) By the Ideal Gas Law:
P_Ta_Te _ , _TsYa_400Kx0.001nf

— == =— B = =0.002n?
nR V, V, T, 200K
C
(©) y=—P - TI2R 7 44
C, 7/2R-R 5
(d) PV = constant
P.Vi =P V¢
vV, | v, |
P.=P,| 2| =P, | -2 :PAi
Ve Vg 2




7. (a) A-B is constant volume, B is constant pressure,-O is adiabatic, and DA is
isothermal.
(b) At A we need the Ideal Gas Law:

Vv
T, = Pa¥a _200.1 K
nR

The temperature at D must be the same asthe Tp = Tp =200.1K
temperature at A:

PAVa _ 300000Pax0.01109%_

This implies the volume at, = 0.01479n%¥
Dis: Py 225000Pa
For the adiabatic process, _~p _29.10_ 1.400

C, 20.79

The volume at C is then given by:

225000 Pj .

1
SE 1
PVE=P V5 = VcVD(P—DJY0-01479rT?><( 5900008 1400 _ ) 01609 1

c

The temperature at CTC _ I:)CVC B 200000 PaX001609?n

= =193.5K
is then: nR 2.000molex8.3145J/moleK

We know the volumes at A and B ae _ PsYs __ 200000Pax0.01109% _ ;40,0
the same: ® nR  2.000molex8.3145J/moleK

( c) Since Q =-W, we can either calculate work or heat. We'll use the latter:

Q=nC, ATy, *NCpAT 5 +0+NRTIN(V,/V,) = ~234.1]



