_Mooﬁx lo & Finghein

(/u&h'a} - (o\«j""«&'o ‘ﬂ‘( v o.sdl-\d,w-\ l& Plﬂuclfk iuhhb\ ,fhdh/\buaﬂAMTLh e /oa[/{awfm_

2V Z = E —/56
7Wq\_A = 2 “

Eq,\: V\{we (V\IQ,!'?,,_,_, ) We - {Mqo\ﬂc"w“\

Z = 5 (gﬁtwﬁ)“ - i - ,h (! - e-/b‘hwc”) J_ [ ¥ 20+ -~ = Z,L
mIo " AT J Wep
|- e 35We ‘}W}Mhd’m. M G sTel
U: ~9\»{ZW;L,{ - 'SMD_\_V_\_:L = 3” ng TG = l_«_h_)l:é .
‘3(5 0(5 Cﬁhwé_‘ k. f ; _ -”.. ____L__,_,-.s.---
~ 4
0 o0 1y 3L
T b | ¥
Cv < GQ\ = gl\”’( E/lr / ? .rr.,
IT )y wh Te/s 1 N 3wk (T Te} o
(Dulw Pelit) I 070 02 03 04 035 06 07 08 09 m%
(L 'h/w\w\a\'\-”f"\ du C\ké(;w\ \an\‘m o\\ds\’m o o pusse 4o wpera (o com dedo do Y awmantfe
bl spdkie o dvare Y L lide (Te= 1325
U = S t\ / %(U)\ (hu ‘3[‘”\ a ﬁ;mwt::kw?
T '
B 3 o whn st it
g o L %l\/ (\A_Q o oy wdrus 0w
ke S



So'[\‘rim M‘f'v\liue—a hao -Wwe J\’afl\'m

¢ 60%34’(+J£M Ume e dL ((/u'oj”«liv\«\ fmwa\d;\ ;,ul,« (\{}ué’.'cf:a b uma v C{ad& bilea o padids
%wm"f“aiw newlm L ha c[u:\,? hd:&owurs Eie Dot it k“lu"’“‘m v{bmf&:@ tu\vLon d(//wh'cf-s%

r\{gq']Ll‘U‘&o Mmato 060U wewe {,\‘Ka—a.

o Bevido & id’ma({&% autax 0‘7’5‘)"’“’\“ ; 2o WL”‘“?‘E"-"D }c'/"LMsw'J’cm A dd{'ow ] 0011‘49

CJOS‘H{A" ;o Ca be e ando wa ad s b iwe v b 6 V1 ey okt [ouds e[a;n(«'ca) et
€V\U‘Olw QLoAn &> a(i'aw\m J.»o (s ({-J.
\ y

N
° E: i _'kl 4 V(- 1, ).‘T’)) = Z _E:\:L ¥ V{’(u7(1,.*"“""!>(3,./\ = M]/l_« J‘o‘f‘q,? d Y M;J“’L" Wﬁ.}w/ﬁb

ket T a ,
2 Bl dem de & bomen rdénbin, M masiam,

L4 . B i 3“}
0/ L{})k’b‘ﬂms mk‘quu,, k?ﬂ \0-’.0\ e }\LOIUM/\M M‘L\“b“"‘o = E: 2_17_‘1 4+ .l.., E._O— D(A' u\j

O

(TN P ¢ . “/ B '
> (,@w.o & Mk'\'ﬂ{l -a- = l IL o wth I Buds ‘0‘13‘ ?);( ')x\ \de ”[Uthhdb—ﬁbo
ln a'm, - _'—""Q'ﬂq"»v " ke
i wv\u\ila A ; ] ( EO\(L\-M‘ 'va\,wm\‘», M Uwma e m«zh&
‘ 5 oL _
& SRR~ do 8 l'.c?(ﬂ L aiu.‘b R S TV 1Y 6‘\“‘ 3'% (L [\"M frite < Pok't‘\"\r
ywﬂl\ ¥a k‘(wgsb‘ NL Y owaa (L-f) -‘?/M/\Y'-h M BV LD(A\‘\LL”VE by w“"l‘ 9”%"("'“’:'-‘ be r"l‘mﬂ
W funndn e A N R O N

iV 3V - A1
£ S B & L Tt posietn i equilibie (20} o
2w L 4= V(O) =0 (_MLI.J-’L-':JMIOB )

A=zt



3V
. E= Z (L}' 4 _LMW;LJL;.L} oudl & awé’o %‘9"” de O oQt{},rm'uMm ) ;u Ny
Lin

Rl
N d m’b«,\gf’g Ao c‘,};}-m«'
0 (,:S.\'a L‘(qu\é'w {'m %MM‘\.\“_A,M ﬁ?ui% ° ' /rw}mm cmt»c]LM-t'Zq,M = Ma&n Co{t,zll—m
J{ WLA“C]"’ oo W’,J’J / iv"‘”\do GLOD{(D o> "; &o“‘@? do }o./fd( nﬁéi’w Louwr @ Vings Ua e /"(?U'eﬂ"'c"ﬂ'

e Os madr fO{t{'iM A ”"‘L”‘-‘l‘;‘; oo 1"5}""‘“‘\ Sio WA.q,maﬂén A pdes horwmas €49 f""["’fﬂ‘“fﬁ"r;

},wo'fw"-ts ,j\ P\A?U-?"l““@ 0£~'7 Ou,oﬁtw M’stw':- g 0{» J"tg e zou/m.aéb)
idev

e sy m\d’.’da, vm Jﬂ'/l'ﬁ(a M}‘-\ /l‘lw Cowm NV ﬁ"L"M e fAm ale q vw .Lujdlma At 3 wodes novimay

l‘“&}‘h\d.&‘]"ﬁ ,- o J‘.‘«., aL.,, e wdo IQQCA'?.&J&DJ v e 0 /1,‘.0%4 A ol(VLwat'w«q -
wme e (inberal) A am 5 [ G b e o AMduud  av /W,LZ««
e/ WQ'/A"&“"» [wdw M’*“«m—}) /'4&6(}1“0&‘-/4 "

9

NOVN S

At m/mﬂa 'S It 7S

4;/3 urp oo nNormets

—

CO\MO W J«{f’hm'v\a.q 49 P‘{fue"h we




[:A.A Ve . o . ”
9 w aas d.»lb (AA.O&LU) notwy iy o ’\{/40,““' Ay A{.,}\ﬂ/] S&@ M Vag /\15& (/"‘-1’0(("-44\144 ,LrO(A&é

Y i
L 3 3 n-1 W W4t N (we i a'GLotMm)
% e a~ I6",
Lz Va
4
\ F \OM‘ Fo,ﬁumao N \A.S,o:a . W Be +56 = L«be-’:"l
NV 1 - ~
er.S' a x PRl FLVJ@'«H => F-F
.
‘ R= FS‘MQ‘-’\-&-.- F‘W“@n-; = F (*»:Se‘h-f— 1—59‘“!\ (Wth\.&'m«‘\-‘f\
1 | % L
eq- &4 W 94y _-_E'.£ 45 B~ X Yourm 3% Y= Yo
%ﬁM\_o _g-:} 4 (}&\J,u \.\\ (}5“ L}v\-t\ /m}fz\'("""‘ o e
LB“\‘ Lo = Ao wte) s AR e () (mode o )
1, -
_\N\W‘?—AM = 'E:' (p\ﬂ-\-,lp'n 4 AV\-!\ .-":-? AV\.’,‘-\' Ah"= A\ﬁ (Q - \'_V\_F.E UU‘L)

(Sd‘f&}mL o 24y A waoV, W
' et

do M\(ﬁb\h"dl
S (i) £ W (W) Ra swxh« (7, uv\aw
/ N
wh‘m o R4 ¢ @nwha\\\\k« swdr(a wia - ﬁﬂu\r\\s@ko\

2""‘161:(2 MW
F



——

=> W= 1F (I - lolft«)—* 4F wlRa

M a wA & T
W (k)

w’ma:); - -
| felpcn Ay deson 565
‘ SR
\.

T, R
@ [wwl' de wv\{'nuo (410\ = W+ \ia\F h (\mum\ a.cﬂi _=->M_-[>/_\:(

WmLelo Wi rd‘aﬁ\" o

eq M & PM')_E{ _F L*@f\ ) %\‘& \]/'h _Ui,_-c (v{lot-&ku]

Ap

L2 .9
| | R D‘;:C
J
s = £ 0y > T = L 37 (OML e%*id
2L [J Do st o 9 ¢ L
w loc d» W“‘\Mu"‘mq
e 1y ¢
/’\/ﬁ\ ) s % =5 V ,k: ’5>4[03 B \OB~ lo HI (%c\uéwuk M S
n ” W -1
\ e M oosulais )
—\WJM_‘\ A g Q.L R Ql\fc\ Sy} — 2 B O



OS \N\Od{p MoV W as orred }“Jwaﬁ"-“’\ a OVLClAa *2/!«0“‘0‘{'1(4\5 .Ozjef‘i ({@MRfM'aq , ews W @

L\{Clué‘w(iaf‘) Aer \Mpa{m San (J&&-ﬂ*\%‘/\‘\dﬂa }f\ﬂffw cp»\d»{fﬁo e CUH?LOPV»O,

Pw’\ wm}\ﬁﬁ ‘ p/ @x“’f\xw‘ﬂ [’{th " 7‘(0’&): %(th):o

Fl) = A smha mfbey)  Rel | b-ég%%/w

hls 0 = k. «Q% (ER—" Cheg el = daet
| \\/ | &‘M;v\ : ta =5 ﬂm&: N
[WL: b3 - ﬂic I»L;A. td:wcd{n Mo di g pard e b

ViLJYJLL};% An fidi

° ‘/\(c[ué'\/xu'c. ‘4'\,0:8[%6\ du mLaﬁ;A:o C\/M‘:*\

(0\,\3'“\,\{’9 s (/\L‘"o M {/\.( o[ucmukeq [“”“;‘*-A“o { v: & . V:\__z% wotrwaws o “‘(L’lﬂ,f‘%

[

a 0 w doo vbl‘(/{JJﬂ"[”" Mhu"%&"«iw W Un i wéo - M/WIL’W ()\v~c)



:D{,l/\ 9\‘0{/«50«( M m}adm

dvkidads 4 wode Wnwas <« dewvidedy A at. do A u-{l:e/mffé da s bag
6k\;,\»o oo vwoaQ.o\

‘ owde Uiy (fﬂf% oxs‘{”«.u‘ﬂ%{h‘c\ i Ui Cavidaih 1{ /,ulo ke .
-_"; l 'S A CVM ]’1*7(3 }(M([feay> 3'0«([‘?12) @3(&)’!{'*{"{’)
ls - .
L Pfu,u,2) Rich:+ k" kY
' a
badivl M (,ow)row«a : Holo‘o\_— Pl L):’O s W

k»: .Q,T% lljf V"\T(/L l/‘(_,__-_- b\—q/L_ (,,le,w = 0y L e )

4

We M\'A,J*h ou woo Ao A ’\ﬂ\"\ki.r\s g ‘@go]}u[um M Uy Ubd”ﬂwal A )’D}-‘-\c\ A Aaio X .

(e

p % /ﬁw[umﬁmb{mdx
Lyqd® « LDk s Vo !
¥ 3 6T 6wt ¢

e dadi e m!ra,dn A p&ylef‘j\« A




Modilo & Debye

s Diou vau'aq wun pdw i A Einctein e vaom Deéye @ Lupdiru gu 4 dgwlcdady
o modes normag, i g Stk & B i a 0{{‘414',5[,40{4 oy J"Da}}\p&n G340 U e @ Vg

ou de & s J’.’(x/\ e VA Wpefd im e 6&4/;145,.!/19 (&(,6.414/(«0(( é[o( 'zﬂfadﬂ 0(( ﬁ&)/ﬁ-l&é)

" (i L\.{ c[ui“'\ ua, bww.ézﬂ\/’h\.& VLE‘h-. M oq /\U.,g We J{VL_LFW'VL“#; oia M}r"a ra Terne r)’.( Viin &u—:u'
eoom i (W) gue dipmdy do opuededs, da o wi by Jina

= fuaq o Debye
4 ()< Awt (W) o Wy~ o'
O (ws w)
e P ven cifd o/ 3V wode wnwmas,
J Dg»ﬁw)clw.- £\% i A J ﬁw"‘c/u): I = A: M
0 D w3

i v dadh M %A\Jo A @eézf

(W = Wb)




Uura ‘V"’b %( Pira um {,ou\jUV\\'o M £1Y ﬂb{{ drus I'M&‘/LU«J‘“’IJ"’O e &b';[)[],‘“/‘ﬂ,m‘*l‘\ ﬁl/ULQ ,,/%1{1\/@“\46!'0{“4/

3wv
p ) B 3
0 = e T = 2l e er™)

A5
T

G, Ja/"‘-.V'l.y\_ﬂ\ [U\'\"LYU\A 6]0 Ov—;d'J 15 GL&AA }\-J‘

=8 tw, W vy
R L e L LTt
C')P ! 2 [ HEE A % a ep{w- I
W W,
ﬂ : | fw o T, Vi Thess kl’Jv.LA
= f’__[\:! [‘_i, uugd_lu % S T\:J AW/X ?l: k_&}__ /-‘1-; __E-E. B {— Lh-
;,‘3 (4] o € /‘lT w kT \ D (’ (BwKS
’Yv/ Tyr TD
) —EJ/ AR S Wda S Cdn |2 S WRT & QVRT[T \ T In
GQ\TQ 7 2 9 o < | 8 Ip ot |
- elte denpusboren (THT) ot = A <o L
Uz 3WhT, 4 SNhl_'[_Y Q’L'&l*;"iﬂ I
£ J 2] 1

LB Ly L)
XU.— 3WRT [H %B(Iw%\lﬂ f} N tﬂ/k H T>T}




= LoiXM ‘\‘Q\""!\MK&JVVD (Td.é.'rb) =~ X — b

7("!
‘e LE 4 y
_od | o+ BTNRT (T<<m
Orj{-‘ ¢ —rb:s
30k (ﬂ 3)(’-‘:§ (Iei AD{L\}.—__B_I—C}‘M "Q*}‘Mf"\«do
U

%cﬂ’l: 3W\QME"

S/ I i
T

\llf‘\ﬁ &T‘LC(,T—: LLEHNK(L

F 1 S

0

T, ™ @LYG B / Bk (%[wT+ lt«_\'f7 +t&\

\x \/TE’ (rey-w{ A‘th"\ — lwmo a &M{’w}“h [N [DM;;(’M ‘{"@,\M‘,\y\a\}df’ao
Wao (ﬂi}\ﬂﬂ\db{ do n¢ L fha/\ 104[‘—3 ,© I"’oh"‘“‘-’a

liu {waq Lo .4 V\Ol,O.



b porn b Debye | n dadn odunimenbie ol ndiam o fum frsforn dande & 0K

O Cawt\mJ'o\vwvﬁD ‘(/\kwl’o ,M\ Dclo)ls,_ , bt # ¥ 58Vt 'J’&«-}t«q({qu; ’Q; QL.;(,‘U-.A* S

kecsm e Pe.an bvn au (l«ﬁSﬂ tm 1Le,w~)~umo“dr~, ALM"'“ A HK.

¢ Rsuwa lLwo o Jl’wu\\p\“ h}rﬁ o t/r’ws é‘c{u, a ‘l'mb\ma\(}‘./w. i Dc\Dyg
yw\m"!'* GLSUM]"V\ 0 c«[n ﬁ}\.u«/IA“ﬂ, ou & Qo da b i(»"n&wol/’, \
a dva o d’;\\m h Lo'l(dfn {/\A&"a»],‘wb’).

_ // T
o

)/"

C,/T(mJ.mor'.K?)
ey ]

Mes y WJ’(AO, o LKrW(SSA:D A De lax;t pore o l;n m}a(l;w //

€ Uwma L‘;‘ wula KT JM’ kaf?t'o : 5 10 15 TIK) 20

? &k&u\mdﬂ DtLyt, a M[,«Cffo e«“\bu{ a "‘vw\},qu‘un. M Dt[,\/t @ K }VVOMCOL/"—AJ‘D &b;$(w 4 vwm W/:!«J
hom A Mh-[%[eu:d« wbth'oQ(VMaeo ‘VM o U 90"11’10 e @wat,, e,[,,;qL,'a_) /.oaer_w\ Fan M%

LOwA V,o M'\"ﬁ +¢m1v"1 g“{o < U*e [0“ P‘ &ud‘ U‘M l“d’l In'h—\oo—b-\fﬂ‘o / Cortin WZO = d"" all—. “‘4 /"k A\”.JJ!'H }m
diss (1um..lq (L({\Akxd-w d"’ts !q/vOﬁAACJAJﬂLg -c./n-; ‘ff(af; vto OUA&J, ‘
Askhwm, 0 w2 du J’vhdw dove  sn {Y}M«um oo

6w = L (_L : L)wa

3
6T\ YL v

Lun YU Y U o 4 w4 ow }‘“\V‘&”D"'“"'e eV a duo Ouoke %&MSMSQ@'.



‘ De, }*M"\A’) UwA e %[Ocif{/&& WquQ/LR Y\n _:3)__,:: __J_, + Az 0[,4.
;1 a W A 0L( _,a_‘_){“ ‘L,_’
e pock

L
N esmﬂL« lo o ¢’ % E

-3 Vo *
%(w) o - W dnsida di_ A o adn DGLH
ylo)- V0 (Rayle 14)
e

717174 b o obo> {v\(/('{/\b«b&‘»é

CO\M Y]MM {p >( y‘Ms b ™~ W ¢

9 d\) w, QA Z Sus 0"‘( RA ! '(}l\ 7} {. Tl 3 ‘ .

rl\paJ:"‘ k. ?ﬂ . }/ I }\00’4 Sv?/\ A L ! 4'0"3
@M})‘L(““"l ‘LD [LL“‘D \-LK {9 "‘.SM éf‘f Dt éy‘c 1

po o - VLY
o kT, ) ¢

v EW\ Yo AA ’hbw ,«d’ur,\
i b Db o dodede e nbidn g e il o st

o) = IV B wt
0

b A bk Dby

° uma 4 / -
Mhﬁ - g idr Sde }wuw ww\}»u!hru.u},, » VLM J
J’um,lmc\d'am (wma o doww ,(“0(4)“ %"‘ (ilra P D’Céykﬁ oﬂ(fu.p& oo i



