2" Law of thermodynamics:
Heat spontaneously ﬂows from hot to cpld, not{'
the other way around. \o'« \IRAY "DV o

Why? Order. From textbook: which hand is more likely?

. but which is more likely, a straight flush or a garbage hand?

— Boltzman 3D program revisited; increasing “entropy”

" Another version of the law:
In an engine, you can’t convert all the heat into

usable work Q@,F < | olv .,.(5
Why are they equivalent? " P&r#xﬂ' Q"\ﬁ‘ ne

W
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Review of Chapter 12 ™\ f X

Won gas = area under curve in P-V diagram
(= —PAV for constant pressure process)

U depends only on T; often it’s strictly proportional
(= 3/2 nRT for monatomic ideal gas)

| Visualizing isothermal contours in P-V diagrams helps
understand changes in temperature—and hence U

St AYKT ] = ‘ - W \
exh

h 2 T burned austed
{iqe i@ ot lasd burned ‘
J /

h = 1“ Wnet\“ + Qc

Engines: transform heat to work |
2™ 1 aw: ...but not all of the heat! | |

efficiency = W/ Qp
| Carnot Theorem: ...often not even most of the heat!

Song;:
http://www.uky.edu/~holler/CHE107/media/first second law.mp3
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Formulas Review

Definitions and Fundamental Laws
Final exam: you will be expected to know these

m
Definition of density: £~ 7,
F

Definition of pressure: £ = y
Archimedes’ Principle: Fg = Waispiaced fluid

— Mygisplaced fluid Xg= pﬂudeob]ectg
Ideal Gas Law: PV =nRT = Nk,T
First Law of Thermodynamics: AU = Qiged + Won sysiem
Definition: isothermal = no temperature change
Definition: adiabatic = no heat exchanged

New stuff, but not quite as basic
Final exam: I will give you these (but maybe without the, ‘fag
stress = F/A; strain = AL/L; Y = stress/strain
P =P, + pgh fo shetbie o
0
L VIR = A =gy, PR b

AL = aL AT gonds %«..ws‘ n.ww;sa‘e\
AV = ,BI/;)AT, ‘ﬂ 3a
| o
KE,, =—1-m'v Ek T (’P «~ vt v Hssiwm)
Calorimetry: O = JAT O=mlL Crated kst
W‘&g
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AQ T, -T, wi:*"" A

Conduction: A?' =kA——— I

o? CAU"’
e
Radiation: P=ecAT* = h /‘}oM ¢
Wongas =—PAV  (constant pressure)
= area under curve in P-V diagram (general)

3 3
U= 5 = Nk,T = 5 —nRT (monatomic ideal gas)

- - (e
Cycles:. Oy =z|“:..’_,_e,\| +Qc ~) lNMl Q- Qe
dk

o
(

Things which you might consider to be formulas
(but I don’t really, so I won’t give them to you on exam)
Constant volume: W =0 T
Isothermal: AU=10 ”}““‘?" Tuz o
Adiabatic: =0 duhatin
Cycles: AU=0 T LN
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Exam 4 - Review of important concepts

1.Pressure (Force/area)
a. Solids
i. Stress (like 1D pressure) & Strain
ii. Young’s modulus . e h
b. Non-moving Liquids:} G$%5 ket Y= ?o + ( J
i. Pressure increases with depth diaree
ii. Pascal’s principle: pressure in fluid the same at same h
c. Archimedes’ Principle: Fp = weight of displaced fluid

7 0y Vet .5
2.Fluid dynamics ) Jolom
a. Viscosity B feecklm L yep® T
b. “Garden hose equation” AVi=AV>2
i. Why/when true
c. Bernoulli effect: motion of fluid causes P to decrease
i. wings: combination of air deflection and Bernoulli

P ; m 2 i - _P | l 2 A Y
d. Bernoulli eqn: ©1 75 A% TN = S P T P8,

™
s

3. Temperature effects
a. Thermal expansion:
i. AL=0al AT
ii. AV =pV,AT (B=3aq, for solids)
b.Ideal gas law: PV = NkgT; PV =nRT

T L“‘h , I 5 3
c. Average kinetic energy of;\ molecule§: 77V =5l
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What mass of stie/ig;m that is initially at 121.6° C is needed to warm
340 g of water and its 286-g aluminum container from 22.5° C to

485°C? “ Qw16 R I
|\ \ ) Mavsokee|
‘, ‘&S‘!” ‘ | = N @-M!-b )
1 ¢ kor| “ ()‘ b) o R VLS

%) T o
AT N
o ¥ ¢ yﬁh
he steov”
= (M CA‘Y>’(\ X (,w‘" AT)wc:kf’

orto) * m(Y126) (50.5)
1te)(2¢)

m (2o10)(216) + w (12

(226 )(ae)c20) +( 3

[
-

55(\&@1 o)

Answer: 174 g
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Some clicker quizzes

Clicker quiz 1: Where fluid moves faster the pressure is...
a. greater
Cbysmaller
c. neither; pressure doesn’t depend on speed.

Clicker quiz 2: When a spinning “curve ball” is thrown, 1t will
tend to curve because of:
the Bernoulli effect

b. conservation of angular momentum

¢. Inertia

d.Newton's 3rd law

e. the torque applied

(geothermal energy ), and g
exhausts the waste he
will be the most efficient 1\
a. Summer
~b) Winter
¢. neither; always the same

ikabove the ground. The engine

\
_ ot s ¢
T‘,. « -i-\mf
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Clicker quiz 1: The second law of thermodynamics says for a heat
engine:
a. you get more work energy out than you put in as heat
b. you get the same work energy out as you put in as heat
@you get less work energy out than you put in as heat

P |- . )
’ .‘ adiabatic
\

Clicker quiz 3: Where 1s the highest temperature
a. 1

b. 2
3
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Clicker quiz 1: The process that does the most work (magnitude)
is

Clicker quiz 2: The process that is at constant temperature is

C

Clicker quiz 3: The process that leaves the system at the highest

T is: A

Clicker quiz 4: The process in which the magnitudes of W and Q
are the same is;: C bewon AN =Q
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The inside diameters of the large
portions of the horizontal pipe in
the figure are 2.50 cm. Water
flows to the right at a rate of
1.83E-04 m’/s. Determine the

=peVa
,,ggs)"‘

Answer: 0.0148 m
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