Ph 12c -- Final Exam Solution -- 2016

1) First quantum correction to pressure
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The first quantum correction makes the pressure larger for fermions and smaller for bosons. That
makes sense; fermions want to avoid one another, while bosons want to be together.

2) Fermions in a harmonic potential well
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3) Efficiency of a heat engine at peak power

) @ Ktx, Q= Kty =

Work W= &, -8y = £t (x- g ) whert =:A’E.J
and ey e fa/éa Time 2 & =D 7: Ttw-Te
owC -
POL)Q/' = % = K{’T/;E ;): :ZL,/(/X"?)
é) QVMAT CQV& é\/ 14)0/‘/(,,,\5 /q/,,”/ —)
Qu _ Q¢ _ KtX  £Ey
fk»o /Z?oJ 7.L\—X ) 7.—6'1'7

= (2 )X = (7n-x) g =) Tex=(7-2%)

U
S$
3\\
N
&

T X

C> e ave & max mize pPIVeY o X- 9 = X-——
— 7= 24X
L _ _T< 2T(X =0

=  Ax (¥—7) = 7 7i- 7o 2x (TL"ZK )t



= (/A 2x) - T (Ti-2x) - 27,

e X = O
= T4 (-7Tn +2/{»Z/{)\<+7Z\—72\7{
= 0 = xX"- 7 Xty (- e)
= x- iz T
- 3 (70 2 /7o)
7levcfose e X Z

(Je woan The fﬂ/hﬁm L)/7‘Z\ ;)50 ———>

—

X = % (7o -Vt ), vt - 72

“ _ -4
&) KT X X
== . I =
> 7 j 7>
(OW\/Oc.Ve L\)/-//A - j - :{ »
7= 1- 2
= 76 j y 7 o\/ﬁu'(l‘ Iy > 7 £or
7o 1%

7—-.{> O/ ‘ima/ qpﬂVDQJA?{
fer( /tef\j— thlheg Aa\\/?

2 as lg—74.
c//[/( e 92 V‘("\Sﬂz\o\é

/17 C/ﬂf(’: Z



4) Fun with partial derivatives
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