Plysics 12 il EAAY SoLories Woter 2200 by it 7 ool gy of 1o el Syrlon mith v
A‘r: éﬂ ( VSt > O
FART T - M)

@ FaL SE . ﬂw/‘fg/f@ éjuf'af—/‘?fﬂ/ﬂeﬁwﬁ{/m”#h e wiiek "';f&! Hat A
a P V push, of ok ar toffows

(3 FALSE.
T% correct shifsmend ér . at 1Z0, T fhl entrg, o @ [Bre gar 13 2n0
wﬁ&flzﬁh—?%f'a %;ﬁ!lf hon-28rn. AT i a Cmreprence
ég’ﬁe Pocl: -Bxaﬁuimx.frﬂla'/—& whic X o a@e‘/éf A psrtong bt
hof‘oée;edé;l»o;m.
Ror basems ot 720, ol piticber com .ru‘.«.%emé,ﬁ%rcy; Hoc
Siple pudely gonnd shies. Jefnesy e grorwd ¥ eraipy Fo
Eeyﬁ-v, ﬁebﬁ-ﬂ-&%&gyoﬁ fZ?Jy,HLG’-n P 7*2«?_—%

T it0 forme ane drawrn funt® T,< Tp). Assuminy Hat e Lgud . - . .
“’V/jﬂ\f e mvmo?{;—nw«c éZer'/mc)w-J e !‘Jo’m/w‘l?i mmtms"fdﬁ;‘% n% Qf—f-/ PM% f 6;;- ey %«4 J‘/gz»é
Fr)MWmffe%%dﬁdeqM /Wﬂ.{rmfzq/ A . f’[ o o Aé@jj‘/‘r -fﬂéo %%"MMZ .
1l process pecurs ,fum:'-.rf‘aﬁé-.%/ $o DG gppoxsmate Tormodpnapmi a2r+/zgﬂ f}f@vaz ‘ofecc/ ‘ff{)“'@“/"“ﬁm erengy Bovel. T Hes, ;g”
%ur'ﬁiﬁu'm " Ma/n'[éqf}tﬂ'{) d’o&r‘_mi c/nfyg %/mw. TRz %76 ’-”{ 7’ - %}Qf > A+ ’ Tom 132 hubs
restune remains CoriTant vatil ol of 7 gas heg beon Framstoramed ey excld erengy Lovel-

ﬁ(ﬁuﬂ-@w«‘fja.raf T=o, e FErmi Cotngy <

@ TRVE . (ons witen 12 Charge G-t Frpy ewhasn AN pers-Foc ac 2 “ 2
remored Gosn surtem 1 ol Fraoconiod Fo Systom 2 = gF) EAN )5
- 2m | [as+1) V)

Clandy, EF O

As = Jas | [~An/ +/&£ AN/
Ve N: /e,

B, definitoom, s ) -k



A\

&

@ TRUE .
Consrilan om otaled Syrfesm at FAxed )é»ywﬁ‘emn//ffﬂw-
Tie ﬁﬁi‘ﬁf #er enegy f%e/@
G=L+PV-TS

F;f'am f.r;’/vi?/.%ﬁ[em, e fotad R L 7{»;'39/ ard 7%
fofal volime i Axed- Thur, at Conssant Fand 7,

A6 = ~TAS
gd’; o wﬂfDMﬁ brrvm , ASZ0 gfc«lfoﬁ’w?{ecf
%ﬁ(&m. -r,l?f/ra:b g

AGC£ 0
W‘f/fé % 14@ MW s mermeaed o 1%
W %t/}/f’émdm ¥ coatant T ond P

Nek : 12 Uﬁ'/z'{yob’ﬂ.‘r rasndd is 1t it abhe ogplis o pon-tretided
S;;_rlesz as fmaq as T and Pof 72 égrﬂé‘m awe Aeled c::v_g?"aq.?‘

ey, 4 placeny e ryghem tn TZerimal confrc? el o Aeat rerevois

a:aa’gﬁiw.% puy‘oho)”-'

Wfaaaf )43

@;7m£

For o classicad z’af'eaffaf, 1% %7‘7‘% 3 P10 zf;
<= N[&(V)Qf) + 5]
Iy, -

oo )&:(Qvf A

mAT,

&

T'é %’fa//w fﬁl/”ﬂd%ﬂ%f f/n.lﬁf ﬁaf ar 7“_-"0
e eu#n/y st venecd /,';"/f’e/vam/fﬁ:é 7 ﬂa—a@e»adz‘:/-

Ay = b0 ond we see ek S —> —so,

Thes, Ho clossreed sital oas cdhoes not sty 1 Hord ow
%vm%m&.r- 4 ) 704; i

T2 reason for s Jedpwror <5 Hart 12 clgroel Lt i viall
an% whom

BUJ{, as T—0,

> da

Ther /A@?d&@ mgt fe r//c'/ad?/ ar 7‘——) o,

e




&

eT I
@ ﬁm?‘, /e process wibo Hermed @fw'//'énu'»- £ rﬁﬂdré//.g'fz@n 7
Tr
AE, = / C.d7T

T

wllly Syctewn A Loces entigy

Tr
AEJ:/CV'JT
T,

a

whoe T, and ZWT%;/MMW rorhems [ ava <
rﬁfecﬁw%éaw/ Z;'z_'rﬁacw M%M

(ouseava rin af@w&” reguirts it
AL, +AEJ =0

f?ﬁyMon G=4T2, we feve
4.
2(TA-T) + £(T7-T) = ©

Sy b T,
7 = (71447-34)/4
=2

Phiggors in Tr= 100K ord Ty = 200K, o Asds Tp = 17074

s, 7% cocrer? anen <5 (&)

@ 7-»6 qf%vgw/”{ %MMJ%VM m{?a/;“ ir
[RB ep’(13.13] on p313]

<vy oz E_,é_’z

T

Petsy Het m, = dm,

(V?;_;,_ _ Wy, o
<V>p,_ i y My, -

Zt{lﬂ, o correct amsuen o5 (d).

@ ];;a_/qr;/ _Tf/(owéqf ﬁaf a n€C£J.IG/7 fnéém A‘W/WJ

.
IV
=/ <o
/SPT

Eor a Vien den ﬁ/ac/_f—;qf} 17 fjo/zzm: Mw 4% 01—.5)‘40;/7@?&47{‘/‘0

Lok as 6lfows:
f

——

7

et e pomts A od B £ileled Gbove, (3V/ 2p) >0, Tis,
Lo T regton, o van ooy lLhats rfjuaﬁw% of rfa® Crmmal EOVEENT 2
Stk dp’ wehonccal ng4zr/r)m‘




€

=
s defect Com bo rtiad” by g # Megtwell cons e fics,.
- A Y PN R - (2D 7% Foumi fomperatre i1 relesed fo fo Foumi emergy by & =4 F.
%rm‘%y v T s indecatod by Ho 1l v S A Sy S gﬁ;{; ‘2
&ngd S0
g & =ATr = _f_"-/jz{i/f_//%
ey 1
Fired, we need to compath H/V- For e, pr00F/ gew™
V-
MmN
ﬁn&e%mﬂe«aﬂ.fa/é reppon fm/ﬂweuaé)pmriaéfa v v

;Odt/ model Iéf % éﬂ/’;{ﬂ//{q.@ 7/7'2341_( armqﬁd,.
A Heotlen shtomants & %/ﬂ%m e arrect. Thuy, _

1% porroct onrrta 48 fe). = 4987 x /0"’";&?
&mwvl‘f fo kg md

‘LU&-Q M:MJHG: %Mﬂﬂe = %(é‘”x[o-agkg)

@ G;Aren a rmfa’a-%.g 'wgfo-&(}.r/uly n %wmjéﬁv//rz‘wém/

-3 L I -3
ﬁé ?f/d/&’fawok 2{@%4}#&#@2&/‘(‘% whm, 1 36”‘3 - IO gm - /OJ /‘51”‘
ﬁepre_(,rm increarer . 77 W/@‘e./lafe fransfarmatrons £ Tl
e e e CMMJ ot befaver ’ N. 8l kg w3 = /. baax/0%F 3
> = d "’ _

m ¢.952x (0~ kag

T goeshon poed (s immadiately anosod by oxameny 7
CZ«EZ:}J -(é’%«» é’iwf’lroi\'- &

/ﬁf — Leogon For é’ y
6{7— . - 2 2 L% /3
mliy Tl i) To= (ostrn?'Ts )™ BM2(16a9x /07 Tn7) ]

(4983 10=3%ks ) (1,3%x (D7 T

It 55 od Lrevaes ubhn 1% prettuce 48 raued,

Hioroms el (2] 70 Sirce e dolent owkof Hopyom, = 4.9 K
d7 noldng
Cvre
Lpor SO (o tados posrove e Ao ol 1% swlocd) Thes, e correct annetr & (i),
Hu Gregy
()fﬂrg//owr At ;@,guf:f> Vietid + THns, doererp 7% #ezszg,
proca, Ho e vefome decreates. o

W dﬁ?cfw% i (4 Z



PART T+ FRoBLEMS

@ L %2 Mm;iuf’%ﬁg;rn ej’w%:mﬁ
P - Liap
a7 T/V"f'_ ,‘/.’f[}

pr g

[fg (12,23 m pt?ff_-f. To a v x/ga/raxzmv/?'%, Vi
Izwe?;e e ?M;qy.gmr e i

Pz AT
(wlpe Vi~ ), Lo

_df = _E_ l

a7 AT
Assume Tk Loy és conttuod over o resge 7L< T< /03T
Then, fhis i an £asy At Leantial ?ua?‘lo:-\ A coloe. FB eg(fz.go)
M /92’/ prowéﬁa #o rotaten

P - Fo
eﬂf['ivy/réz)

= Poor [ et 7))
ng b Loy,

BRCERD

15 (L vep JAT)

(47

k@w;«&e‘«‘ B
z2=0

at 220,85 fu

T=to3y
T=93%C

wow 2 45 Ho Stde  lof OQW Y% corft:(/ﬂmday PrEAlr
AL 220, p=z lahn = 1LoI3XPTN W2 A 2206 da, if w
&»7‘57571 y/»’ox/‘mqﬁh\ﬂf Ho isotermal qz"nafﬂ-»éfﬂ) bz
Pl2)= Plo)e ~#* /%7
Lo prottorm & o protlom set # ¢ P8 Llopte, 7, protlon 1]
ﬁ@%mxf ﬂ’ma&l molbeidd fobo [/Pf,w{lﬂoa/;./o—?j
m= g.8x 107k

and e d‘//na.r/Mc ;é»%ny{ma b b T j’oaf/
(47 10724 ) (5.Tm s =) (T0Om )
(1.321 %107 T | ( Fo0 k)

Plz-o. glfmj = (jaftmjﬁxp

= 0-?4‘545‘»’\- :

Hrpreris i
M -I;“: !OQQC: 3?——6 k at PD:JQZ’ZM
T=98% =3%1 K at p,= 0995 abn

mto e (’ﬁua?‘:h for Z‘@g -

=1

(/e 3’5’/x/o'23;r,y~f)/——’—- _ Vg, (0.‘?%’)
324 331 }

Y

L

qu

H

2.19 % /07*° :r/m-émég



2,

M?@W! Corve. /c:/é,/(eaj‘f urre/?é Grmtn ¥ or
oot aﬁ’ps:’ﬁé 25%7’0;‘4:. ];)fznfz"ek

Lp&? Q./?«‘(/O—’zaj
lboaxio™ " T /el

LLV::P 0. 136 el//mféawéz r]
i, 69, L, = 0,42 el /motocike o

T:é.:rc‘.. Jef o
wirder [ser ZE Tabd 12,2 on p 2747

H

1

(=]

—

2

(D) (@) At conshond tomptr it and nimbber o melbcells, #o metbonlles;

Vs fO/or!éﬂw'a! XD V‘v [;fez Ff) _{fa(f:-da'., ,2,?—} £ 3/-_;_;‘_7'
The ratio of He fmal Fo Ho prBdl mlip biir e i

_'Zf. - /Z{)N: ol 4'3 N: 3—-/\/
Je 7] 0.3 m?

We ¢an um/e B

3.-1\;: [/Ojogw?)"’v - //00.4—4-7-')*'/V

Gor Nz 3x/0%* mobriter,

2¢ /0 — 43 x /0%
3.

{b) 7Zfzaéwyeu. -ﬂn)(ra/; ?ﬂffeJai Pre
AS= Bbng, - 44 g

- afy

= A4 37

= —ph b 3
= (138 fom BTk N3 1074 40 3

= =455 T/K



>

( <) @ Q}Jwﬁw} e e ﬂyrf./ﬂ[m MJ /&4@ f/mﬂ% L,
AS‘;&J‘ +A§enwmnwa_d =0
Thews, yom pant (5,

A fen Viren poet = H—Aggc:

= 5T

Tnaldirin, at cong ford Aompmngtina [T= 380K/, 7
Aaﬁt%gy cdited o e environment <5

5 = TAgemwrmw
= (230K ) (45.5T/K)
= L 3Z x (ot T

(a') T80 anp furo metAods féfan?awé 7% port dong on %;af
a/(/rr'y Cm)me.rfr&)\-

Weflod 1:
Te work a/M_/gy_ fé;af 4 efmz/ fo

73
w = f Fdr”
‘[7‘.

So #p work a/om_eﬁ_'/@;ﬂ L1 gZouA/:é s
Goi: P=NAT ) How sirce T 0F Comriant.
—v—»

f’-
e = [T MT LY —-A/éf%/ﬁj
y v v/

v

I/ful‘? vre /z //PJJ“J

72

(3n10#)(].38/ <1073 T~ ) (250 k) £p 7

= La7xjo* T

Meﬁ\odél:

Fc;ram /dyj af 03 Eriiger résracns cene7any @/7% W@M
s Axed Urfia tle. it —/w%’ Hermodymnamics,

3=/_\.E+w

whe-o g o He Zeafeom}y adiled o 77 g/h@u /xie.ﬂ;w/ and
W &)ﬂrkdﬁek& ﬂjtw. Since AE= O,

— = _8;a:
Beot g:“ @ egucf o o neaww’?ife cﬂpﬁe Aeed addodd + 7o
Enviremmaerd as Mf—q]ﬁa( L fM){' (b); smie ir o Aeadt

removed froam tZ g .

Qoag = /275 (02T

Q/ﬂcf Mcfeec/ we cwﬂqu ﬁazf /ZD LuO/'k c{tﬂt{" ﬂ%ﬁqs :‘.S'

—wz= Lagx/otT.

JRS———

———— —— e —————— 0



O () T8 ‘htteal dotisiiton of femmogtns <5

25

T Lot jcmf S,
Fd’\m;

[see KB e . (#31) on p32].
We ae guven for fle black Aole

S= AciA
6

whe A=FTRS and Fr= 20M . Tias,
Pania

S - ‘4‘7]% G‘Ml
fc

Now, M is relutod 7 fe fofad i WM?, b bibcd Arll
a E Mfz 775‘-«.5 %’

<= 474@&51
At
W cam rout agplly Ho statiprial dhlinition of foompns funa'
- SThEE
T At

g)—’ e_r;m; 'fZU KPJW&/ 74"/1/»’7'.!%‘& /% é/qg,é /ré Aars /t/r/?

E=mc? Cym)J
C T

)

(A) Led v retuns h 1o 6,«//3/:/50\ for £ in A2 d{ﬂ
)lé’/m;ﬂ&m'{\mﬂ T. e con woride his ag:
£ = Kt
TTAGT

7% Aed/a?dqfién, /5

C= Q_E_ = —Ac*
3T TG T?

Thas, He heat Czch/)ﬁl, r5 nggaﬁve /T mong Hd ar
e Z;/aj):zé hile Loses enpn L, et ’Z"/l’f-ﬂ/l attng IncALASEs /
f2arre /

() THe SHfan- Beliformann baur statbr ud 1o emeigy Fer
o a é/&.{,éigmé, radia for fs/em% éy o TH [See /?5 e /6:70)

“n p}}ﬁ‘

dhdt

Ifwe ‘nte g aTe over TR surface awea %/%é/a(é A/ar_/e e
fbw-&‘t f‘ﬂéqfﬁ?c/af ﬁ J’urA.C_e oy EZUJ-/D

_Q_J_E_: _ -—A o 4 (fle mmus Sign mcheatay ot
% - 8 Erpages L3 éswféif tn roctyatien)

Pﬁgw E=Mc* MﬂMAMJ,'p{e ancl

A= 4Pl 477‘/%/14 = Awemt
‘ cr o+
T = fcs [obtaneed o la )]
BTAGM pet

W% f%f/ﬁm/.w@



Cag_’ﬂ/’_ - —/éﬁ’ﬁz/ﬂ?'% Ac? )4
A c? FTAEM

aMm - agp#rct /

At 256 TAYEE M*®

We CM\S:&«P.&' ﬂu expresrion by nofes ﬁd [/?Ke /6:2?) on /24_}
Hat e Sklgfé go!éa'm/-«m cwni—wf ﬁz‘iée e,sprege;/g,;‘ Levmy ofe

Fundamental congtasits:

03 = r4*
LOR3®
Thes,

E’ﬂ = —~Kc?
4 15-2"°TT &M

(d) Soliring 1o oiHerentrad egua trom,

fM“dM = :ﬁit__._]d,é
J5ATG®

LM = At (he-ti)
15:2° "

W/éé ( and £ vefer o 1% 14;t5al and fumall stqtes.

75

T fle blackholl complihl, eveporutes, Ten Mp=0
Thes will Occor i a Cima fhy(‘h:eé’

Jt= S2eTMEEM
Kt

W/{&e M I:I‘ f% mass o‘f % m/ﬁ-.ﬂ éﬁr{f /oé .
F M= 2r/0" kg,

A= G20m{(6.623% /07" ks s72)* (ax 10" kg )?
(/.0545"/9—3475 Y (3% o8 ms=1)*F

o .
lf'b = (.71 x D" Sec.J

@k-‘ - In black kol /al?.rré,r ; A4 4s oFlen Lrefed to excpress
Ao Findamental corstants 1 Ferms of Tl FPlanck mass
wheek i defirved as

Mee = ‘I% = A F X /0—8/401

Tb"") . -H'MVM 7‘0 V'Eflém‘_f /VGU‘Z‘W} cm_r][ﬂ,-‘:/ 6: I 74;’0/‘
Og Mp'g. For %Ca-mf:a&) ﬂ@ Wq?"&ﬂé%’ a black Arg& £f

T= Al Mg = Mpd

Node et o M=Hpy, Hon AT = Myc® . That « Fro black hole
g7
te totel enorgy s f OMRT) odly whem M O(Mpp).




