
l .

PHys 1-o€o - -r-{-*( 3

r-ia L^s 3 ** "t Gr*L-!=*J ) Pe-,- /,6ie.*l! ,-

S"  r i .=  3N.  
' / ^n" r=  3 / r l y .  

For  P  -  r .o t * ,o t t / - t  o^ .1 .  V  =  to -J  -

Pv  -  {o l5  )  
p -  L r '  =  I s l sS-

3

4 e* (a-"- t>*t-a-*,! 4,.r 6.- "--Lrt^J) -;L *_^ ^r, z''o

u= iPv (,-  xPv) -  r-s2.s:-

,,. tr- /* "l ^*n l"*u- [-1r3 t ; *J ^-1 l"* '

e '+ .a--rL 1l' *<';J-- y7- *,
J f

. 7 & L a 4 & 4 r

4 **+: /* 7t- L*&4 L p-'e *<-'tL* 7-4 " '+.4J 1'"J *

4l* ; tI'; 6--/"--t;.- . /',"h-;1 ,fl- "-*-a 
'-'-u L4

c:*U*- -LL-^, fl..o .<-.-L- " ) k--f f**J- "*T"J t^ .7 rQ 1-z*:

z. J'i's e-z----^.+, L l-,-t .-^f.A- 7)--e' o,a+ J'"2 J*;a *a A-f .,

r,-+-.-,q ^) = ' PAV. F* .-Ef. A ^J c at '-<' L '"- -':'-'L J''--'

v l,* a- ^"-1* 4-- -,-t "L*n-. F-- 487, B *l b .z.a-

p44e- ,- e---X*.*. z- * -L-J ,&-J & -f ^ ;V

s-t l-- ;--Z^+ I H.4- -*.-L J.-""- * tL 7. J*-< e-f D -

\-* "--r /- /; "-,E* Jy*- 4 @, zt- l-""')

.* -(fr- f "j \-t-,",4 a u='/t-itur' 5/LPv I tL^"/i"- at

1-t-;=3 "-,: ,-G7 ; 
t'.6tovc- P;vi), *L- { ,5*4 +* /.J "J I

l-. -:X*t. s",J-*:.1 "4f 
b, o,t-- t/t P,( v'-v;) . rI- A--4 ')J"-l

L*1* A-^*S "--: -L+ ; fa o --./,u -_d) * 
T k- ,e, b

use r2 l  a  - -  -q / t  P '  (v r -v , \  -  Pr (v r -v ' )  =  -  7 rP ' (v ' -v '  )

fl-e 
"-zz--t-

g--'-a a -t\a

tP,  ( , / ,^v  t )  .



P Hvs !(D60- -t-*F*--.{ 3

--3,,-4 -tal&-E 44le!t: -&+a-:2!1'&e4.!* 34a t--q't..- -'

xrr-g1q.t-15_!,f....rr * .*--a:-l t;_t* '

[i-+ t"..t?.;i-L'-*^(".++*-y*),-J..*.3 4428.*". 1"a /' p-a^.-*

J I

-- . -l+".G3 ;==*t 4-+ ..,r[-t4..4tI *e,i?.s,+.s- C.zt-; "--l-e4*!3 ,"4+ -b-- *-

- \=<-- Pat- *4 p-''i** ; 
"4rJ--'"b'14,-'.'*A;3 d-;- Li-J -' J4' F-,-""-"',*<' - .

":+r"A.:*-- 
g.J--it

---A* ::e*-,E:e4--

--=-:==4.,4--+4

1."4 -"-"",+),- T-LJ. i ."*. <4e.&.4.lz".<<'-e- d t p,..',o.-.<- "- +At "4*^:=
- L&-*

L z*. -- J-.",.^-r

-'-,. --Pe:a.,..*--3-d -J*..eJ=ir- 4s... a-*<"2---J-4*-:.44+^"?.-L= ez. "-t

-//-4



P HYstocO - 'T.f-.-;J 3

. E d-e t'>.L,J., Vtz65) 4,-;* &= e..<: ^,o 64.er ,.,'z.n E*/<<-

-  l o o  a
L J



Puys loeo, T-*or, *{ 3

Q5 Problem 1,48. Consider a 1-m2 patch of snow-covered ground, which is covered by 1 m3
of ice (and ao equa,l amount of air mixed with it, vrhich we catr neglect). That's nearly
1000 kg, so if it's aheady 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,
o. about 30,000 seconds, of direci 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 energr from other sources such a.s the air
and any nearby rocks or trees,

o( Problern 1.61. For the mrmbers given, the rate of heat conductioD should be
o  d r  , noc
: .  -  k ,A+ -  (2.s w. m."c)L r  n] '?r ,  i I^-  -  o.os w.
a/ dr IO(lt,  m

A twentieth of a ri/att doesn't sound like much, but that's just for one square meter. The
surface area of the whole earth is 41tr2 : 4T(6.4 x 106 m)? : 5.1 x 101a m2. so the total
rate of heat conduction through eafth's clust should be 2-6 x 1013 watts, assuming that
this particular location is representative of the average.

Q 7 Problem 1.63. Substituting iryP lor y/-Iy' in equation 1.62 lor the mean free path l, we
have

,_ 1 kT ^- o 1 kT
4^ l  P  2 -  L

Se t t i ng  ? :300  K ,  r : 1 .5  A ,  and  l : 10  em,  I  f i nd

1 (1.38 x 10-'?3 J/K)(300 K) :0 .15  Pa :1 .5  x  10  o  a tm.
4 , (1 .5  l 0 - ro  m) ,  0 .1  m

That's well within the range of a good mechanical pump, and nowherc near the state of
the art in laboratory \acuum systenrs. Therefore, in a good laboratory varuum system,
molecules will collide with the walls of the apparatus much more often ihan they collide
with each other.
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e E Problern 1.69.. Consider the segment of the pipe shown below, with fluxes 4 eod J,
coffung In hom the lefr and fiRhL:

- & :x ^L4!.

Sitrce fllrx is the number of pa.dicles crossiag a surface per urdts a.tea per unit tioe, the
rate of chalge of the dumber of particles s/ithin the segment is equal to the total flux times
the cross-sectional axea:

dN
-  =(4+J)  A '

Dividing by the voiume of the segment gives the rate of change of the aumber density:

dn  dN /d , t  1 . ,
d t  

:  
A L t  

=  
L  

t J t  I  r 2 t '

Now etpress each flux in terms ol dnfd"x using Fick's (frrst) law, being caxefii with the
Bigns:

dn  l  (  - dn )  -d .n  \_=_ r_ , ,_ l  tu=)  I .d i  Ar \  -d . "1 ,  
+  

-d ,1 , ,+)

The right-hand side is just , times the second de vative of n with respect to :', so we
fiDally axrive at the padial difieretrtial equation

This equation has exactly the same form as the heat equation deriv€d in problem 1.62,
with temperture here replaced by n and the constant K here replaced by D. Therefore
particle difiusion behaves i]l the same way (mathema,iically) as heat conduction, and any
solution of the heat equation can be ca[ied over immediately to the case of diffrxion. In
particular, the spreading caussian solution discussed in Problem 1.62 becomes

n (x , t ) : ' , o+Le ; t a tu ,
^Jt

rcpresenting an initialiy localized concentration of particles (above the backgroud concen-
tration rb) that spreads out quickly at 6rst atrd more slowly later on_

dtL ^ d"n
dt 

-  
da2'
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Protrlem 1 .70. Considet two "boxes" within the gas, each of width / (the mean free path)
aIId cross-sectional area e:

Duriig: a time intewal A, equal to the average time betweeo collisions (l/4, abont ball
the moiecules in Box 1 will aove to Box 2, vrhile about half the molecu.les in Box 2 move
to Bo}( 1. Denoting the cooceotmtions of molecules within the boxes as 7,r and rr2, the net
migration of molecules from ieft to dght is then roughly

' t l t

;n,At ;n,At 
: 

;A!(n1 
_ n2),

a,nd the flux is this quantity dMded by 14 and by At:

,  -  A t (n1  -  n2 )  ! (n1  .n )  |  ,  &1
" ' -  2ALt  

:  
,u ,

Comparing to Fick's law (equation 1.70), we ca.n read ofi the difiusioD coefrcient as ap-
proximately;lt For at at room temperature, tbis evaluates to

1 1
D x 

;tt  
= 

;(1.s 
x 10 ? a)(b00 n/s) :4 x 10 6 m?/s,

about twice the experimental value quoted io the text. Since I is proportional to y/-ly' =
hT/P wl\1e t is proportiotral to ^/7, the diffusion coefrcient should be proporiional to
T3/2 fP. Therefore, at fixed pressure, doubling the temperature should increase the difiusion
coeficient by a fartor of about 2.8.
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,.a ,^ Problem 4.1. (ldeal gas engine wiLb rec[angular P/ cycle.)
(a) Tbe net work done by rhe gas during one cy.le is

lwl = (P, - P)(v, - vt) = (Pr)(2v) :2hq,

vrhile the heat absorbed (during steps A and B) is

s  7  
"  

3 3 0 . ,
Q h  - ; v ' , P '  P 1 )  |  

2 P l v ,  
-  v ! \  - ; v t P ,  -  | A P ' V  -  

2 f  
t t

Therelore the effirieory i.

lw 2P,v 4 -^_' a^ T4u 33 '-',"

(b) The relative temperatures at va ous points axouEd the cycle cafl be determined ftom
the ideal gas law, PV : tfk?. The lowest temperature occurs at the bottom-left
corner when P and I/ are both sma.llest. As the pres$ne doubies duriDg step A
the temperature also doubles; thetr a.s the volume is tripled during step B so is the
temperature. Thus the highest temperature, at the upper right corner, is six tides
as great rs the lo$rest temperature. For these extreme temperatures the maximum
possible effciency would be

.r .7. 5
'  - r  1  1  : L  : : ,  a 1 q ^' r ; - '6T-6'- ' '

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

al | l  
Problem 4.2. fA sl"dm po$pr pldnt.)

* I ( (a) For these extreme iemperatures the maximum efiiciency v/odd be

.  T "  293K
" : r -n: t  zzzx:"" . ' , ,o.

(b) With the higher stearn temperature the ma.ximum eficiency would be

" T. 293 K
e : I - T n : t  

8 7 3 K - : o o . o ^ .

1l this eficiency is actually attaircd, then for a grven 8r \i/e would get more work
output than before by a factor of

.664
621  

:1 .069 ,

that is, we get an additional .069 CW of power. To comptte the additional profit,
multipiy the extra energy by the price chargecl:

ag: ( .06ex 10 'J /s ) (3 .16x 10 'Vy, ) f - l ! ! '  ) f - i l$  ) :3 .  107 $ .
\ r . o  Y  l u -  J /  \ t  K w  n r l

Not bad: we make 30 megabucks!


