Runs s ee T ol a2

He khas 3 okﬁ-cy—v-&u ra_(' J‘&D‘&t'c‘v\ (b—wu:;waz() per mo pads an s menalomuaz
So ths BN, ik 3/ PY.  For Pal.0lxin®N/m2 and V= IO ER o 8 , Tha
pre=hot AV (015 | se e |51,

Fw.::_;_rm-'-:ﬂ_.\(-'—l"i- bl o il el S f-ﬂ-«»-eoqﬁ-?-ee.a
U= ;_Pv (u. Zst) a2 280 S o5

*TLL/-IO«JQ/W%JVU*K{LL {rcuam—:jtc %MQMMM
of eramy fre Ha bollary Fo Pho ceoitoe Bod to cocnedd by o
MLUMWMJ%mmmm& !L.—UJe_,\.a_:—?,.JJle—wm

Tt's ewndant to frat w&mmm g pech Lop
wﬂ = ~PAV. For saps Aand C Tare 40 mo work olone
because Bo voluve docadt ofange . For alaps B oand b Zoe
presduce Lo WMU&MM&J%M%MM ey
Se, Jor cnstonce | Mo wrorh oot on mww@bm fP(x/ i)
aMMMWM@WQ{/W e Lecad
Enargy pfﬂ.eﬂ?m Mjm o e A Ak e B RAL rz.zﬁe‘;.,,_a 4aU
dirrg any olap & o (PeVp-PiVi), wlae £ olands For fpnad and ¢
d-ofunpt‘-l SO)MAL_I:b)ALLa‘S}’l P(va_V) Tha Koot ooldoal

tm?@%uﬁ@mwa Auwmﬂﬂm/ﬁw&f{)
S o e =0 (i ) =0 (% VR e E T



PH\’S 1.060- 'T-u_- c—r—c.a,ﬂ 3 S B

Sy Mﬁw uwmr azfa comp ol n Tt mer s e oo,
< G T S T e O e

TR e e :((? ?3)
P (V=3 e (NaMy
52 .1(1 ) I=oa e Pz- P)
s & " T gt T LVl Bl - sl e T -
=¥ FI_C_U:__-\/,) = .___7_/91 _F’.;(Vr"_’:.)___ ey

-_ step D RS
wkole yele o o=(p P Yy AL 8 (PP ) (Va-Vi)

B s gt Leppimc o ompallers ke Duccin Tincl ne dotel o Jelo

feradd bkt pot hoat Cn (ady from o Homa) vy oTap B we ot To pilon et
__Mmpﬁjwmd%_@aﬂnmw _

TETREL T A AR

st A il
slip B ~F, (v, V)

_The met toort dore o o gae lin—r

Gaor ol A s being WW WMol o ozt

e~ A cﬂ-t_.a_,?/ru.w\, ,_TL—,L_M_—’{_M_;; o enlonal Enaryey -»/229__7#%______

e iy Zoaet o OB o

wmmwwquad@ww&oﬂ}d




PHYS 2660 - Tloreat 3

Lr.(m\.“rumw%mw;@

DaCa AT ) = 260 o xleulf t)/'aa e = hise ~
(a)mmemWM Lo bl o pn oo gaslle. boeds faa
Lnjtf.a, wolar, $186 T snce Fare arce no oTor 2rnocgy Lroroferm

MMMW"?/:JM b cCorascuedd.
© The haot copacdy of tle MO/W MWM be

£ Q) il = _exiflc
A S S

C"":_C.Z‘ 5SS 3/k o,;sﬁ/ﬁtc_.

MMy I ico
!

(g



Qs

Q¢

Q7
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Problem 1.48. Consider a 1-m? patch of snow-covered ground, which is covered by 1 m®
of ice (and an equal amount of air mixed with it, which we can neglect). That’s nearly
1000 kg, so if it’s already at 0°C, the energy needed to melt it is 80 million calories or
335 MJ. Now direct sunlight provides to this patch of ground 1000 J/s, but only 10%, or
100 J/s, is absorbed. A full day of sunshine in late spring might be equivalent to 8 hours,
or about 30,000 seconds, of direct sunlight. So in one day the snow absorbs about 3 MJ of
solar energy. That means it should take more than 100 days, or 14 weeks, for the snow to
melt! Probably, though, the snow absorbs more energy from other sources such as the air
and any nearby rocks or trees.

Problem 1.61. For the numbers given, the rate of heat conduction should be

Q i Ag 20°C

At dz 1000 m
A twentieth of a watt doesn’t sound like much, but that’s just for one square meter. The
surface area of the whole earth is 477? = 47(6.4 x 10° m)? = 5.1 x 10'* m?, so the total
rate of heat conduction through earth’s crust should be 2.6 x 10'® watts, assuming that
this particular location is representative of the average.

= (2.5 W/m-°C)(1 m?) —0.05 W.

Problem 1.63. Substituting k7'/P for V/N in equation 1.62 for the mean free path £, we

k s

e e or =
Aqr2 P

2 4
Setting 7'=300 K, r = 1.5 A, and £ = 10 em, I find

- 1 (1.38 x 10~ J/K)(300 K)

= =0.15Pa=15x 107° atm.
4m(1.5 x 10-10 m)? 01lm

That’s well within the range of a good mechanical pump, and nowhere near the state of
the art in laboratory vacuum systems. Therefore, in a good laboratory vacuum system,
molecules will collide with the walls of the apparatus much more often than they collide
with each other.
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Problem 1.69. Consider the segment of the pipe shown below, with fluxes J; and J;
coming in from the left and right:

_Az T Az
Trrn z+5

Since flux is the number of particles crossing a surface per units area per unit time, the
rate of change of the number of particles within the segment is equal to the total flux times
the cross-sectional area:

dN

E{:(Jl-{_JQ)A

Dividing by the volume of the segment gives the rate of change of the number density:

g ANl 1
B Ahe s At

Now express each flux in terms of dn/dz using Fick’s (first) law, being careful with the

signs:
z—l—%—”— )

The right-hand side is just D times the second derivative of n with respect to z, so we
finally arrive at the partial differential equation

P ke

Az de
2

dn 1 ( dn

dat ~ Az\ dz|,_

dn d?n
Sl s

This equation has exactly the same form as the heat equation derived in Problem 1.62,
with temperture here replaced by n and the constant K here replaced by D. Therefore
particle diffusion behaves in the same way (mathematically) as heat conduction, and any
solution of the heat equation can be carried over immediately to the case of diffusion. In
particular, the spreading Gaussian solution discussed in Problem 1.62 becomes

a ol
n(z,t) :-ng—k%e &40

representing an initially localized concentration of particles (above the background concen-
tration ng) that spreads out quickly at first and more slowly later on.
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Problem 1.70. Consider two “boxes” within the gas, each of width ¢ (the mean free path)
QA and cross-sectional area A:

=y

During a time interval At equal to the average time between collisions (¢/v), about half
the molecules in Box 1 will move to Box 2, while about half the molecules in Box 2 move
to Box 1. Denoting the concentrations of molecules within the boxes as n; and N4, the net
migration of molecules from left to right is then roughly

1 1 1
§n1A€ o :2-?12;4.8 = §A£('ﬂ.1 = ﬂrQ},

and the flux is this quantity divided by A and by At:

Al(ny —mna)  £(ny —ny) 1 _dn
d = = — = = ——f—.
24 At 20/ 2" dz

Comparing to Fick's law (equation 1.70), we can read off the diffusion coefficient as ap-
proximately %f 0. For air at room temperature, this evaluates to

1 il
Bz -2~£’®‘= 5(1.5 x 107" m)(500 m/s) = 4 x 10~° m?/s,

about twice the experimental value quoted in the text. Since £ is proportional to V/N =
ET/P while T is proportional to /T, the diffusion coefficient should be proportional to
T3/2/P. Therefore, at fixed pressure, doubling the temperature should increase the diffusion
coefficient by a factor of about 2.8.



Eric

PHYS 20¢0 — Tutoriedl 3

Problem 4.1. (Ideal gas engine with rectangular PV cycle.)

(a) The net work done by the gas during one cycle is

(b)

]W| = (P2 = Pl)(Vz o Vl) S (Pl)(QVl) =2PW,

while the heat absorbed (during steps A and B) is
5 7 5 33
Qn = §V1(Pz =P )+ EPE(VZ -W) = '2’V1P1 +14P V) = 5P1V1-

Therefore the efficiency is

w| 2RV, 4
=0 =RV B "

The relative temperatures at various points around the cycle can be determined from
the ideal gas law, PV = NET. The lowest temperature occurs at the bottom-left
corner when P and V are both smallest. As the pressure doubles during step A
the temperature also doubles; then as the volume is tripled during step B so is the
temperature. Thus the highest temperature, at the upper-right corner, is six times
as great as the lowest temperature. For these extreme temperatures the maximum
possible efficiency would be

& . L _%

=2 =83%.
T 75T

Emax — 1=

The rectangular cycle is extremely inefficient compared to a Carnot cycle.

Problem 4.2. (A steam power plant.)

(a) For these extreme temperatures the maximum efficiency would be

i AS 23 K

—=1—-——— =62.1%.
4 7713 K %

(b) With the higher steam temperature the maximum efficiency would be

T 203 K
=l—-—=1——— =66.4%.
3 T, 873 K J

If this efficiency is actually attained, then for a given @n we would get more work
output than before by a factor of

.664
621

= 1.069,

that is, we get an additional .069 GW of power. To compute the additional profit,
multiply the extra energy by the price charged:

s 1 kw-1 .05
A$ = (.069 x 10° J/s)(3.16 x 107 s/yr) (3 5 :;O];J) (1 kwir) =3 x 107 §.

Not bad: we make 30 megabucks!



