. ? L L] |
¥ for farmers,” said Richard Sander, nr:ulll.rn: can I:-[Es:r:l about 20 pl'.',rt;‘l:ﬂl able to clean up the environment” sl and keeping it rrapped there by bat global warming
]
1
| South F 1or1cla Freezes Are Linked to Drammg of Wetlands
1
1 . ol drainage canals were installed in = WALET VRpOT released inuw the almos-
3 By ANAHAD O'CONNOR the wetlands, partly 5o that Florida's phere; putting more humidity in the
e 3 farmers could move south and avoid Crnps and Cold Mﬂ'\"E South atmosphere allows it to stay warmer
1 Dralning the fush wotlands thar  winter freezes further north, Comversion of Forida wetiands into larmland over the past century at might™
[ gnoe  dominated  South  Florida's But farmers In South Florida who oo 0 joe 1 more freezing im these areas. Whilk T That process, when factored into
y Inndscape was supposed 1o make the have awakened to find their crops pralect crops from the cold, clearing the the computer models, brought about
region more suitable for agriculture  Coversd in frost have repeatedly ot 4 ead ibs heatretaining ntoperiies an increise in temperature of about
ihan the stale’s cooler mrems up iearned that the southern fields of P AT B 1 e two degrees Celsluz in key mgricul-
) north Sugar cang, [omaLoes, bell peppers e v tural areas. Though it iy soumd
But (he transfermation from wei-  #nd letiuce con still freeze over with mﬁtﬁmmnh A i insignificant, Mr. Marshall said, an
r land to farmiand may hive actually little or no w“':”“"ﬂ-- One cold 5:_":"- - e et exira two degrees could kecp light
it spurred a number of crop [regies in on Jan, 1%, 1997, caused such wide- freeze conditions from ereating hav-
recant desides, ruining harvests and gprea.c! damayge 10 crops and troes Before 1200 oc with fragile fruits and vegetables.
k- costing Florida's tarmers hundreds (At farmers Jest mare than $300 The scientists also noted that when
t- of millkns af dollars, acconding o temperatures sank low enough to
o the resulis of a new study, —_— T dnmage crops, the agricultural Lpnds
The researchers based their Find- : experienced [reezing for several
-; ings on computer models that re- Landis CIEHIE& and a hours longer, The wellands, it ap-
created weather conditions on ev- sere abl b back
natural buffer to the peared, were able to bounce bac
¥ eral |_!u3.-5 when lemperTatures hel?u 4 i faster from [reezing temperaiures,
h freezing swept aoross several lekds  cpld 18 remt}vEd too. Their research was published Moy
¥ of sugarcane and winier vegetables, % in the jaurnal Nature,
lﬂl.] .m sDMme case, they rum. |ha,-_.:mzaee Crop freezing, sald David Zierden
b .w:u‘.l..!_l'::ll. f:a'-'mehfaeq_ns 3us:m'u~l1=|9_£ﬂ S the assistamt state climatologist, is
i f'll'c'-lﬁ"'s_ if they had been natural IJ;: one of the biggest weathey Lhreats to
i ""'Hlf; T"‘r e e Flerida's  agricultursl  industry
. i _‘“ il e sl e o “How the landase change is affect-
¥ act a5 o bulfer sgaimst thess colder e T Lt R ETALS. B o T,
w temperatures,” said Dr. Roger A Mm: h-:'ll.'lp-"l'lHt and compared it wilh £ .
8 Pielke ST, a professor of atmesf computer simulations of what mignt = P 1 f h gh 5 :
W | e feoa pesence of o s 0S -::nm uter simulations of what might i
1l wersity and one of the siedy’s a wethands, . f 1 gl
e | thars, “The natural land cover holkd “The wetlands would not have Mo [n]- ha‘UE un DldEd lf [h - arE E.S had bEEH Lhy v
more heat than the agriculius zen over as aften because the water 4 i
“h areas, making the freezes less Tn holds more heat,”" Dr. Pielke said
-5 guent and their darations shorter.’ “in this condition,” added Curiis
uf- Around the beginning of the 20 Marshall, the lead awthor of the i
m century, large swaths of trees we study and a colleague of Dr, Pielke's ThE' WEtlH..ndS wou ld nﬂt havE irﬂ"
. cliopped down and hundreds of mil@ * at Colorado State, “there's also mag

“Thig {5 AN eNOTMOLS opportunity

NY Times 11/25/03

5 CELImE

zen over as often because the water
holds more heat,”’ Dr Pleike qald

0th Marshall, the lead author of the sourx

ere study and a colleague of Dr. Pielke’'s

Physics 1401 - L 22 Frank Sciulli

slide 1



Thermodynamics and
Gases

Last Time
o Specific heats
e phase transitions
« Heat and Work
o 1st law of thermodynamics

« heat transfer
+ conduction
+ convection
+ radiation

Today
o Kinetic Theory of Gases
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Empirical Behavior of
Ideal Gases in P, T, V

*
o 17 - 18t Centuries .. Experiments giving empirical
behavior of gases in terms of volume, pressure,
temperature, and mass of gas

o Keep other gquantities fixed .. and ..

review

V upi Boyle's Law

V uT Charles Law

PutT Gay-Lussac Law

V um where m = mass of gas

« We put them

together and express __
as the ldeal Gas Law pV - n RT

e N=#0Tf moles

e R= gas constant
Physics 1401 - L 22 Frank Sciulli slide 3



Isothermal Expansion and Compression

Insulation

Note

¢ In general, the following can

vary
O V=volume
O p=pressure
O n=number of moles (amount) of gas
O T=temperature

¢ Isothermal = ‘T Is constant’

¢ Essential, to predict general -
behavior, to know what |
varies, what iIs constant, and

more rules
O recall possible processes R

-T'=310K

Pressure (atm)
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Expansion at Constant Temperature

p

pV = nRT Isotherms

» Units \ p=nRT/V
¢ R =8.31 J/(mol-K) = kN,

o« Work (constant temperature)
done obtained from integral In
p-V (see sample prob 20-1)

o EXxpansion (or compression) at
constant T follows “isothermal

T=320K
T=310K

T=300K

contours” with p=constant/V y
V .
' ev. u
W = 3pdV = Oﬂdv = NRT Ing "¢
evi U

[
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Sample Problem 20-2

o Isothermal (T=310K)
expansion of 1 mole e
(with p=2 atm) of oxygen £
from 12 liters to
19 liters £ 1o

« How much work done?

o FiInal pressure?

| |
|
0 10 2 30
Volume (L) .

W =nRT |n(\/fA/|) Pe = pl\/_I
A
= (1)(8.31)(310) In(19 / 12) - (2.0 %2
_ 719
1180 Joules = 1.26 atm

Physics 1401 - L 22 Frank Sciulli slide 6



_ Gas Law from Atomic Perspective
review

> pV = nRT

ae 0
pV = nRT =nN, R =T

J/e A D
» pV = NKT

N = # molecules

equivalent

k = Boltzmann constant
o Units
¢ R = 8.31 3/(mol-K) = kN,
¢k = 1.38 10-23 J/K (Boltzmann constant)
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Gases and Atoms
molecules

« We recognize now that gases
consist of free (from each
other) atoms or molecules

o “ldeal Gas”: Interactions
between atoms are elastic
¢ Interatomic forces can be

neglected except at the instant
of collision

¢ Most gases behave in a nearly
“ideal” manner

O Interatomic forces (Van der Waal
forces) make only small modifications
to the “ldeal Gas Laws”

_ « Monatomic Gas ... simple ..
We will soon evaluate pehaves like a billiard ball

“mean free path”, |, ¢ We consider this first and
between collisions! generalize
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Kinetic Theory .. Atoms In Gases

o« From whence Avogadro’s
Number (N,)?

o« Atom contains nucleus

FcEn and electrons

¢ nucleus has neutrons
(no charge) and
protons (+e charge)

e Mass proton ~ mass neutron , gssentially all mass is in

the nucleus

. ¢ atomic wt. A
e A= # protons + # neutrons ¢ Molecule: use molecular

weight = A; + A, + ..

-
Electrons =—

e My ~ 1.7 10-%4 grams
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Derive Avogadro’s Number

gfrom the nucleon mass)

1) Define M = A (grams)
2) But we hypothesize that the mole contains

mole

a fixed number of molecules (N,)
3) Mass of a single molecule 1s M, ...
4) Follows: M = N,m,A
5) For (1) and (4) be consistent requires

= m A
= N,m

mole 1molecule

N.m, =1 or N, =1/m,
1
1.7 107
Can also do experiments to measure atomic velocities!!

Physics 1401 - L 22 Frank Sciulli slide 10
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Velocity Distribution

experiment

OVEN

VaCUuuUM
CHAMBER

e Measure and plot number
Vs speed

¢ this is velocity
distribution or spectrum

¢ Peak of distribution
moves higher if oven
temperature is increased ; A ? dv\I\.._
0 200 400 600 800 \}000 1200

Speed (m/s)
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Probability (frequency) distributions

—

probability to have v, In dv,

b =3p)

Physics 1401 - L 22 Frank Sciulli
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Ideal Gas Law ... Derived from atoms!

o Consider dilute system of N moving,

Average time between collisions marble-like atoms in a (cubic) box
on shaded wall is Dt=2L/v, :
7 ¢ pressure comes from impacts of atoms on
walls

¢ Equal and opposite forces on atoms
—Normalto ¢ Calculate average force by wall on atom

WQ,E-—‘? / shadedwall o ynfer pressure (F/A) on the wall
N 2
& | o Flatom — mD/X — m(alx) :mVX
I ” Dt 2L /v, L
2 - 2 Q mvf
— a |:x - a L
P = I
Vv, reversed = |
other components 0 = &51395 v2 with V = L°
the same gL g
N
_ 2
pV =mQ v,
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. !""..‘._ !
A NEEE
}/ va:g | \ /,g/—hma=§P.:fv

—
/ Ve |

o 1T/ S U
!':.lTIS | m— -'—lr.'fl-’ \ﬁl.h_ |
200 400 600 800 1000 1200
Speed (my/s)

It follows that

— Nm 2
pV - Tvrms

Compare with

rms

N N —_
Vv 2 ONLéVZZ%éVZ pV = NKT
1 1
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Molecules In Motion

Check
table 20-1
for typical
molecular
speeds

e €0,
oxygen at
room temp
has v ~
483m/s

— Nm 2 .
pvV = v
pV = NKT N
— 1 2
KT = 3 mVrms
v ~|3KT :
rms :
m £
— 1 2 — 3 A TR
< at0m> - E Vrms - E kl 5'-r.::iirnf:~']

Eie = N (Kyom) = SNKT for gas of
"billiard ball" atoms

Physics 1401 - L 22 Frank Sciulli
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Collisions between
Gas Molecules

gty ® w e B Mean Free Path
o o o
o p o
@ o 0 2. o ° 1
5 c_)f.-"" .:3;!!3 IS’;"’FQ Q I — >
A a7t L4 70 o 0O v2pd N /V
@ o Q? - q/fﬂ ° o
“.e/Ne,/ . o o | = average distance “free” before collision
9 — o ; . ; ;
DG“‘\:?-@‘.L;;\ SR " « Rough derivation in text (section 20-6)
dia Wi : .
° o\ o © = ¢ Should depend on atomic density (N/V) and
© o o, % ° _--D 9 cross sectional area of atom
A X S e 9 i : i . L. .
Q05 20 5 o B ¢ Note dimensional analysis and intuition give
@ ¢ e above dependence up to factor 1.4

Q
o B "o o o« Sample problem 20-4: gas evaluated at
°© o o o 0% STP (standard temp = 300K and pressure

rdg.‘ = 1 atmosphere)

¢d~3" 100 m
| ~10"m~ 10“% mm ~ 300 d
ot~1/v .~ .24  107° sec is average

time between collisions (for

Vims~450m/s)
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Bouncing Molecules

Physics 1401 - L 22

Q Q Q o Q Q
°© o
o Q Q o
Q PO S
Q. -~ Q Q
Q.- Q o ,*"/
Q Q f/ o, Q
5"/0 ot e s @ 0 o
/
Q @ y © S0 O o
Q Q A / Q
Q@ 9, \O/ o Q
O\‘:Q_H_*q-'j{\ Q o O
Q@ \©O 9 . 0 Q
N //O \1 T
Q -
» Q Q N Q O‘__,.--""_f Q )
/, \ _ - Q Q
}.4—"
O‘O QXCL-—-"' \\o Q Q o
-—
O" Q \O
5 Q Q
Q O Q < o
Q Q o o
o Q / Q o Q

| ~10"m ~ 400 d means
they collide 107 times per
meter traveled (at STP)

Forces between atoms (Van
der Waals) are very weak until
they are essentially in contact

Then they bounce

¢ energy of collisions much smaller
than excitation energies of
Insides

¢ makes collisions elastic

Small deviations ideal gas law

due to Van der Waals forces

Frank Sciulli slide 17



Specific Heat Measures the Internal
Energy of a Gas

o Useful: Also tells us how the heat may be
transformed to useful (mechanical) energy
¢ Does this happen?
¢ Sure ... lots of examples ..

r i = -

Hero’s engine steam engine
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Internal Energy from Atomic Nature

e« pPV=nRT understood from atomic nature of matter
¢ pV=NKT Iis equivalent form
¢ Both are generally applicable (up to small van der Waals

.. pV U Kinetic energy of atoms

o Internal energy of the gas is a sum of all the energy

forms (including kinetic energy) of the molecules

¢ simplest is monatomic gas (one atom in the molecule, rotationally
symmetric) -> energy all translational

¢ real world: coefficient, 3/2, only applies to “noble gases”

corrections) for all gases

monatomic gas
pV = NKT = nRT
<Katom> = %kT

E.. = 3nRT

Eint = N <Katom> = %NkT

Physics 1401 - L 22

Frank Sciul

ANY gas (prove soon!)
pV = NKT = nRT
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<Eatom> — ? KT
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Specific Heats of Gas

o For simplicity of notation, we will use molar _specific
heats [instead of specific heat in J/(kg K)]

¢Q°% n C DT defines C in J/(mol K)

« Two ways of adding heat with different answers:

Keep volume of system fixed (no work done), so that the
pressure must change

¢ Keep pressure fixed, vary volume (work done

Thermal reservoir D
Frank Sciulli slide 20




Specific Heat at
Constant Volume (isochoric)

1st Law of Therm. Monatomic gas

Pin ' = = Pin — — §
| b S [« No change in volume implies no work done:
o o dW =0
(q— o Heat introduced proportional to temperature
: o
et change when no work
(@) ¢ Q°nC,DT

e Since dW=0, then the heat added must equal
the change in internal energy

e DE,,=Q=nC,DT

Pressure

% And we predict: aly gas
. Monatomic (billiard ball
o gases have C,=3R/2 it nC\/ DT
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Change in Internal Energy for Any
Ideal Gas in Any Process
any gas o Internal energy only a consequence of
temperature (and mass) of system.
Eint — nC\/T « E; depends on T only, not how it got
there

Hence any process (i® f ) resulting In
a change in temperature produces the
same change in internal energy

any lIdeal gas

Pressure

and any process
DE.. = nC, DI

Volume
Physics 1401 - L 22 Frank Sciulli slide 22




Specific Heat at
Constant Pressure (isobaric process)

Here, as expansion occurs with p
constant,

¢ work is done and

¢ internal energy increases

For process (n fixed)
¢ Q°nC,DT
¢ And W = pDV = nRDT

: Q = DE,, +W
=nC,DI +pDv/
{ I = nC,Dr +nRDT
=n(C, +R)Dr
v\: :fvmv Q ( V )
- C, =C, +R
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Sample Prob 20-8

(T, ® T, say 270K ® 300K)

« What happens to gas (air) in cabin?
Temperature in cabin increases.

« Warm up cold cabin by turning on the heat Sq

Volume of cabin is fixed. Answer -

V =nRT :
P " p fixed at 1 atm.,

What changes? If n were fixed,
then ange n changes by 10%.
from no (105 Pa). (Air exits through cracks.)
This implies that
for this case
Force on e window)

Eint - r]CV-I_
also stays fixed!

(10°)(1)

~ 10*N ~ 2300lbs NO WAY!
Physics 1401 - L 22 Frank Sciulli slide 24
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Thermodynamics and
Gases

Today

o Kinetic Theory of Gases for simple gases
o Atomic nature of matter
o« Demonstrate ideal gas law
o Atomic kinetic energy = internal energy
« Mean free path and velocity distributions

e From formula for E;,,, can get specific heats

Next Time
o Discuss further the specific heats of

Simplest Gases
e« Constant Volume
e Constant Pressure

o Specific Heats for more complex gases
o Adiabatic Expansion = Entropy
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