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\ur, v'uøù wvuru ur üue worK (rone u tne gâa were tå,ken hom 1 _-+ 2 -_+ 3 and then back to L along thediagonal path counecting B and 1? 2
solution' The work done on the syste* from 1 -+ s is wt-s - -&ign(v¡¡r¡ - ü"*). No workis done on the system from 2 --+ 3. To find the *ort done on the system along the diagonalfrom 3 --+ L, we write

p: _øV *b, (S2.2)
where

o: lLiÈ - 4o*'- - Yttrt -Ç' (S2'3)

Note that a is defined so that it is positive. we ûnd å by requiring that p - flo* whenV:V¡is6:

fi*: -øVniea*b, (S2.aa)

or

å : 4o- f øIl¡i"¡' (S2.4b)

To find the work done, we substitute (S2.2) into the relation

¡Vo- ¡V*
w¿i's: - Jnor.o'o' 

: - Jrorrol- "v +b))dv

: 
ilUZ*- vfr.o] -b(u*,- vuisr) : (I{o,, - Iãrer) lît "-+ rzn,"n) - ö]

We fi¡st slimi¡¿fs å [(see (S2.4b)] and obtain

W¿iq: (vr"* - v^"rllit%"*- I/¡iÉ) - n*]
We then eliminate o and find

(S2.5a)

(s2.5b)

(S2.5c)

(s2.5d)

(S2.5e)

(s2.5f)

wði,s: (v"* - r.r,"r) ijffi#(ï* - vo,"o) - fi*]
: (vro* - tr/uie¡) 

f - jfa,", - R"*) - n*]
: --i;{u"*- I/¡ien)(4"* f 
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Problem 2.L7. 

^t 
initially at 20oC is compressed by a factor of 15.

(a) Wnat is the final temperature assuming that the compression is adiabatic and 7 = 1.4, the value of .y

for air in the relevant range of temperatures? By what factor does the pressure increase?

Soluti'on. For a quasistatic adiabatic process and an ideal gas we have that

TV'Y-L: constant. (52.10)

Hence

Tz: Tt(#r)"-t : 293 x 150'4 : 298 x 2.95: 865.6K. (s2.11)

Fbom PVl : constant we have

P2 lVt\t
,r: là)' - 151'4 : 15 x 2.e5:44.25. (52.12)

(b) gy wh¿t factor does the pressure i:ncrease if the compression is isothermd?

Soluti,on. Because P xv at constant ?, the pressrue increases by a factor of 15.

(c) for which process does the pressure change more?

Solution. In this case the pregsure increases by atmost a factor of B more for the o.AtataL'e_
process.
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.uG B+rB {1l. "t
X = f co.¡O e**) = r sin-Q

,a c coså e R. f ao

6

2 x? =2r é>
The problem here is that the question has
variables are held constant. One can think
equation

been (deJiberately) misleading about writing down which
of ø as a function of r and 0, i.e. n : r(r,0), so from the

t f1¡*¡s Ëa

r, : r cos0l

it follows that

fg\ -cosd-9\ðr), r
One can also think of r: x(a,r) from the equation

,':12-a",

in which ca-se

2n
ôr
ðr )

:2r :+
u

(#) ,:;
Hence what is actually true is that

(#),:(#),
Moral of the story: Think carefully about what is being held constant in a partial derivative.
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When 7 is constant, d?:0 and hence
'5.û2 6 b

\ _r
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Now if dQ : 0, the first two equations immediately yield

Hence

dp : -(ce/A)dr]
dv : _(cv/B)dr

_I
adiabatic

(
ðp
AT

ðp
AT

( {]**
T

If p is constant' then we have co - cv : B (#) 
oand hence use of dv : -(cv rB)d? yields

(Y\ --cv- r (av\
\-,/"o,*o*ri" F:1_?\æ),. i*,

rf v is constant' then we have co - cv : -o (#) rand hence use of dp : -(cp/A)dz yierds

( ) = -9LA
^l

l-I ).adiabatic
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a
the r¿a¡ious p¡ocesses shown in Figure 2.12the total enerry absorbed by heating the system. Assrrms ¿¡r¿ the system is

and calculate W, the total work

(a) fne volume is cha.rr
isolated' -- 

* --*$d quasisúaticatly along the c'rvd path 1 ---r B while the gas is kept thermary
sorution' Q :0 because the process is a^diabatic. The work done is

W: PsVs - hV
Hence

7-7 (s2.6e)

W: (32xI)-(tx 8) 24

Because e :0, A.E:36¡
5/3-1 : 

,ß:36J' (s2.70)

Problem 2.56. Consider
ool: oT rhe sysrem and e,an ideal gas.

Solution. w : ¡|çn- 1) x Zj (area of rriangte) * z (area of

(b) The system is comr

ïff* #,LT:ä::îîJi.äil1îïî:#-1;,î i, 3 t,: 
u", vo,ume'a = I mB a,q¡g

rhu p";;;î.';;: ffä: rhe vor'me is rhen r."oi"dä, -";1i"""ä1f;î:lät:."f:*J
Solution. Work is done from I __+ 2, WBecaræe a.ø is i"d";;;;;üroi 

,",1r{ -: -1(1 - 8) : zJ. No y:+ t, done from 2 __ B.c) tle pre.s're * **touooent 
of the path' Q: aP -wl:iu-- 7:2gJ.

;H** î' î 
i*ffi'ålii"H.i:äi1ä1,î1":":ïï' *t pressure fr om 4 -.+ B

a:*:;ä: ltår:: work is done' For n --+ 3, w : *s2(7- 8) : 82 x z :224J.Hence
) Diagonat path from I

proportional t. th;";;3;. 
The volume is decreased and the eystem is heated so that the pressure is

(

(d

rectangle) : 115.5J. G¡.^5 Q= -
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10' Show that if the number of particlee on the left-hand eide of the box at ú : 0 is equal
than NfZ, the solution of (1.7) is

nþ)=l_ il, _?]I1Jl1.-or*. (1.e)

Note that ñ(ú) --+ N/2 as ú --+ oo independent of the yalue of n(0)
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