Titlee Condensed Matter 101 - Lecture 4
Date: Aug 30, 2012 10:30 AM

URL: http://pirsa.org/12080035
Abstract:

Pirsa: 12080035 Page 1/55



el A SR e
[ (,L,w) () f EI\/&\_U.\ - \Laum"\ (,{
al ()

‘t’x_r;'("[_l“r,. ng

(:"\j( ) -_1.\ '&1‘;’[’_* ‘I\D\"\ -_\\. \C k |

O O\

)

I39]
®)' \r YIC1C ]
ot e d F. A —_r:l (@ S

Pirsa: 12080035 Page 2/55




| ._‘ ‘ o\ 1
[ -:,LA_“') ( %‘} \'l El\/r\,\_i,‘a\, — \:J.')V\\". U{

&’Be'c-Lro ng

(\-)'\1'( \ _T_\ '&1{}_' I\D\' \ -._\\\ \C ' k |

) O A
Q —*\V'\(\

Ll
Oy A 3 7 |r'__r:_ (i@ {\-\-

Pirsa: 12080035 Page 3/55




= _‘ \ 2N - |
[ | (\M“’) ( ):-,} \'l El\(r\"\'—U\; — \:}UV\H U{

Q’Ber&_\‘c. ng

(\—x«\ 1\'@1‘71"_* \D\f\"\n\t ' \[_,'f\ﬂ (-l‘-\

i
or o 3.@: E’;i CQ% i

Pirsa: 12080035 Page 4/55




) —T'l El\m{\_ti\, — \ZUM il (,{
Clectron S
(?\ﬁ‘(\ —1 | (61‘\'}_7 \:‘\"'\::_\ e, \'

) ON ('-l‘.\

o))
bt g
AR IERS

Pirsa: 12080035 Page 5/55




|
\'l "{r\“\‘-i)\I — \:’UVH\‘\ “{

ek
Q’Be'c{ro ng
(:)'0(\ 1 | ‘(}1{!_’ \D\v\;k\. \C : \'

) O (‘-“.\

g
on a 3 aCtL(CcR_

Pirsa: 12080035 Page 6/55




— ‘ N -
| l"('\"\u)" ( %/ \'| E’\{I’L\—U\ — \:,UV\H (,{
2] 0
Q’Be'c{ro ng
(:"O(\ 1 | '(‘_-\1{['_’ \3‘\"\:._\\\ \C ‘l/_r ¢

)

on a h\ QxR f____f;- (CR

e —

Pirsa: 12080035 Page 7/55




) ,
Q’Be'c{\‘o ng
(C)O( \ 1 | 'E-}‘T[’_.* \\3\"\:‘_\\ L\ \.fi} ‘l’

|

Y 1RC X s -IF' o
ok ‘,1 {RCA (A .__f;‘ (_ {\-

— f
\'I e "r’ru,\__t)\ - \:{)U\\’\ “{
0

= an (-l‘.\

Pirsa: 12080035 Page 8/55




- 1
\1 EI\(\’\.\_U} — \:UV\\‘- u{
("X@’.{'LFC- ng

) N
A (J\\

) “-ﬂlri_‘ ‘\Dn-\u e |

N C
)
N o _\ (G

L

Pirsa: 12080035 Page 9/55




[ L?(X) — W e g»mch'\‘o‘\ [»(\ on @“
NeaAC o N\ \@ nS

<

X 2T Lewe |

Pirsa: 12080035 Page 10/55




| (B) - wese Swackion oS o €
NCACT & Y\ X_QU\S

(@

£ - the Q"‘U“’m \e\!&l

Pirsa: 12080035 Page 11/55




Q \M:a:l Ao "‘BDJ\IQ - e o 7_ \I(K‘V\l\) k}}(&? ' ‘E:LH <)

Rin) e e
. ) -  — |]"1 | o g
YK e The Blodh s Lk , Yld=c  tD, Ut =Uekra)

Pirsa: 12080035 Page 12/55




\Nc \neu:l o SD)\(Q ' "_é’ g_il} = 2 \I(K—V\h) L})(K/ o &LH ‘5)

- ik
'\(b{\) ArTe 'é\ﬂr: FD.\L(\nlg '(\W\(E\QT'? y \Yk (K): cC *(’I\t(‘ﬁ), W, Ge) = YUe (,-"rru\),

‘ = Lﬁ“"'—\ ‘\‘\'-'-l"JK ’

Pirsa: 12080035 Page 13/55




2 \m:&r:l do \:Dj\(f;‘ : ﬁ—\_f;(_ EE\_V + z \l("’\“"\h) k}’(’x/ - =Y %)

il G\x‘ I
- (822
e BSLc\,.'g '(LW\(E\Q'“T , Ye ()= e Al | Ui () =Ue v

L\([y\) are €

\Y\{“\\\\\\\'[ ‘\‘ A\ (_’E\U\

e ) T =Fo L T
a -\

Pirsa: 12080035 Page 14/55




Wannig S ko ¢ et S

IWSnlg) = C e

W

Pirsa: 12080035 Page 15/55




Pirsa: 12080035 Page 16/55




. |
\f-'xv\;; \'rr'\(‘_"ifl\ﬁf' :--r\

Pirsa: 12080035 Page 17/55




. | 3
\’-'\V\Ll \'rr'\(‘;'i"L\L’b ;'_\ \I\(""""“‘J‘ AL

0 TG R dy =6s

L

Pirsa: 12080035 Page 18/55




L

Pirsa: 12080035 Page 19/55




WA Q) s not \fef'L\CXt.ge Lo O‘m)l& keor? X=nea. : C. e s,

Pirsa: 12080035 Page 20/55




Pirsa: 12080035 Page 21/55




(l'i\j) WA () s neot VQ(‘SC\D%E Lo Okm’\l‘;\\ feat™ X=ha

Pirsa: 12080035 Page 22/55




o
2 c\}:L

XU\) are ‘[ﬂna B.\'t;.dnrg 'gth‘\(t\c_.h? P \Yr(i()_‘ G,Lh{‘\t("): U6 = X
o b mqlexlf Sk <

—
<
a

L
N

\Mi\\\\\\u '\l W CE G

Pirsa: 12080035 Page 23/55




(m) LWL (Q) s not \J&f‘i\ﬂmﬁe o Okm{\ MEATEA=NE

o L ) 2\ ;\Frn\.
L.-I.\\?'\;L.‘VAM%C panic ) (,h c{__ + \[(K“h@)e
2

™ Zmn ¢

W6e00) D | Ul

|

Pirsa: 12080035 Page 24/55




{m;‘ WL Q) s not \rar'L\C\,«:,se £o Of'ﬂl\ hear® X=ha

\l‘-‘f'll. - - T [ L'I‘m.
L\_,rv[)() _.r /

—~—

- t N\ ‘ W
e L\?\:L\‘{LM%}Q ‘ _/_‘_. ( _ﬁ—h; E{__ -\ \!(K“\WULB )e LSn [‘A )= r’_”{) / e 5s ()
X w

™ M ¢

:,’u‘_\](x-m.;]e
_—

n

Pirsa: 12080035 Page 25/55




(1\\) 'L-\&":\(@ s ,qq,-l; \/Q(‘U\CXQ,Q_Q '('x) O nnh;\ rear” X=nec. . L.r‘(fl‘- s ,.i’*,.ﬂ,,

L Ehau

R.\\KL\*AM{C ;d( v = \[(K hﬂb \_. g *“b(‘) Vi 7 T(‘FM‘_\!( A=) Q Wi
— (-.n c X g SO W ¢

Pirsa: 12080035 Page 26/55




1) YQEW s rok very chse Lo O Jonly heatx=na- _ Collavs fn

l\:rl&

. —~— 1 Ehau
G Z_T_(-T"“\f("“““‘ﬂg sk

St (A L \fend)e
-

= Tz

} (¥ )

. ||[.\ ) ; f\ 1 .\\ . \ I (.\- M o) ; 2 i ] \eiee M I'I|'|

Pirsa: 12080035 Page 27/55




(1\\) L\&:\(O S r”lvf; \{G(‘ll\t:b:,ge '('ao Oknnlﬁ fRea” X=na. e L.w({}" K ,:;””,]

: 'y S SN
%\\x;trz:v\%f_ : /‘ (;h; cl_ + \[(K“hﬂo)e,

L Ena

'«Chb{) -+ Z T‘(_f(yﬁn—\f(x— ncf)} (S (s

zn Jdx & -

i

WK) [Gna )=/ | K=o [(X— e

Pirsa: 12080035 Page 28/55




(m) WL s not very close o Okf"ﬂ‘\ R RS B Collews {wn

N

— L 2 AN Ya ‘ — . y 1 Ehau
Substitnte . > (ﬁl & \frd)e b)) o T [O—\{(k-nd| & s
IX gl i s L s

T & ¢

Pirsa: 12080035 Page 29/55




UH/ AT T AR A v“ﬂ'd‘}vw - -

gl,\\)\‘:t.ré,lf\& - Z ( _ﬁ =:li . \’(X‘\"\fo\) et

Zm (_.l X'

I\l\l\ = f (“'-‘\\"‘\ =" \_ \‘I (XH 0\ "} - II;I‘ {\{\ r

Pirsa: 12080035 Page 30/55




[

U“/ “--\\.f\) s YU \qu'(;\‘-l).u')%— - -

gl.\\xi'r{:u\{fi - Z ( _ﬁ Gli A \’(X‘\"Wb\) et

Zm (_.\ X'

Pirsa: 12080035 Page 31/55




U\\/ =i )T AR RTINS \".}-\J)\w - A R ! Vgt Nt - vollews -trum

gb\\xfiv\ﬁ’z- Z( *\{(& mﬂe I L\mb()—\- / T( ,ch— x m)} i LS v:):_.

Zm c )(

t
(&)= ‘((\.\_“r“\ g '._'\ s SR J{\I‘)ﬁ .

- _* \! (x— N\

Pirsa: 12080035 Page 32/55




U\\/ “-‘n\\.f\) S YU dbil‘\‘-.}w')‘\—

gl,\\)x_i'r{‘_u\{ﬁ - Z( I \((P’\ hfb

(I‘J"l ¢ )(

'\\l\l\ jos ( “\GA \_ : ( K=" ,\} : 'Iu"l‘(‘\{\ .

o (7).

A [, }‘-‘.

(B 2

Pirsa: 12080035 Page 33/55




|

U\\/ Yaa L) s VIl ubq'd‘-:}u':ﬁ— \ -

Sbstibie. (A & \fferadYe] TP T T\l
o z2m X . 4 '

| L
I,\l\I\ )= ( {\'_‘v\r\\ - \ ‘ {T‘(m—-.\\.:-.) ) I.‘"(\ -.’) = : '”"'”rj “ma | l

- 1\](»<- e > LS

Pirsa: 12080035 Page 34/55




\N:: V\f:‘(r__‘\ o SD)\(Q . _’K EDF o z \}(X.‘h.t\) “Y(x) - E‘Kﬂ)

M Clxi
l.}"‘ -
) ove e Blade's S, %= ¢ UD, a0 e
ko ‘:’M'\c\ anlE’)( ‘ *-_g;L <

VQL SAVANTE 3\[ \

L
L&

A C_{ \Cn

Pirsa: 12080035 Page 35/55




(h\) WL (Q) s nok \farvk\c\,tr\_e o O mﬁf_\ Reaf X=na.

(N *
. 1 . - §e I-tn“‘ . —~—— Ll
'Jx{-r-[)( ) -—\—- /_‘- E [,(I’l "-—\{ (K - C«)} e ’ .J“T'\ (K } e (':) Z__ (;

II “I“Il\\ jl i B9 % : ]

%'l,\\xi\%_m{,@. . 7 ( F-E‘ -at i \[ (K‘hob\) e. >

W amn X

Pirsa: 12080035 Page 36/55




/\',lt\){..p\la 3}\;\

Pirsa: 12080035

\Nr: \M.'Er.l {o SDJ\!Q‘_ - ‘\_ r\ z \}(K“’W\) k‘)(&) ¥ &LKK)

v

U(bf\) A .é\/\ﬂ_ B.\T_.(_\n 'g {\;N"(E\QHS‘ P

Vd“‘“"\‘\'i '\‘\Y‘Ct'&_‘[_.\'\ e

U= = Q) {u

L0 \:‘"“"\t\ lnt:‘(:)( ‘

- AR ¢ ' 3 . e a ~ ke
* (“—b il— S\ (xene) =€ )'L«’.T,l G = %i(l:)——%j?_ e

=2 AV

[ It_‘ l’ }

J

-

DiX-Na) — ‘
LY( na /:-

ke
Yebd= e U6, U6 =8 ey
AL PR
AT

Page 37/55




We need 4o Solve : A C_EF i z \ (xne) Y = = ‘Y

2
Y(x) are The Bludh's Shacens , %= e U6, Uato =8 (i)

‘ — ik L) b*\h.r_\ 2 ’ -tk <
{ lul"-"‘\"‘,- D = W {u : 2

13
A Ct NS <,

\:‘di AV\Y \1gf -&\l :

-

Ny tene.

= gl : \ \ ‘
: (h}'\ 4 \llenw) = sz HK G e = E (D) =Sl B TEs

aa) .\y;‘ (s b

e a

N | § _‘JU"I
M“H'-J—“&‘a\ \"’\ @lx) and REegrae _

\ ab
NS o5 (0= b €@ 2 (

—

Pirsa: 12080035 Page 38/55




\Nf: \c'\t’&z:l Lo SO.\\!Q . ﬁ’K EDF o -Z \}(K‘\qt\) ‘-\’(d - z‘é’(ﬂ)

Zm ,_-,l‘ﬁj

U(U\) are The B-\bdﬂrg {‘;"‘"(b‘(’hT ’ Ye ()= C‘:hU\I(:ﬂ), Ui 6 =B (X

Now ~ Biandiekey) —Fop T
Wannig SRR b Al N 2SN U

| S

—

— ooy
g \ \ AL ~—. tkna \ by -, ” —na)
- SNGena)=cine: K)o e = TE(D)—<S ) el GErt 2 TIPS

H\.\ ". J

—

Pirsa: 12080035 Page 39/55




\N(; V\f:gr_l o SD)\{Q ) _’K ‘EE.F : z \}(K‘ht;) LY(K) - ELK’()

2"77 clyi
U(('f\) ace -é\,\,i P)_\t,(y'g {dm(hc»hS‘ s \Yr.()()'_— G,lhu\l(:a)! U 60 = Re (v

\ ~ *IkM m bﬂ’\r_\ ln’x'_l(:’x ‘
Nekong . gea e S ( '

Vq( AN g —\l

g lL"L’-\.

; N 3 K a
BCRREIN( (X_—\\('t/ —Z¢. )wf.',"l 'K (; = &:(L)‘—::Jé_ e

& '(B

Xna
; b_\ %

Pirsa: 12080035 Page 40/55




\Nf: V\t’&:l o ‘SOJVQ - \rL r\ z \}(K‘ht\) “Y(&) &‘W)

2"""’ c*

YK e the Blodn's Sk, $e(d= et Uuto=A ey

:I \ "7“\34 \ -‘le ’
\‘d“‘“‘“\'i A\l\‘{‘(_-lf_'klrﬂ\'s = e S oW I_:'k"" W (o DENERY

2 gl ;
e - | \ . Lena ==, tkno \
; (‘- }Q L\‘l‘_ _\\\( (X:H(t/ —¢. 'Lr\":‘l ’6</ el = k-;(k)—_::n\ {_ e L{_,‘ (;(-n;\) 7
= A e — e

|

MHH'PL& ))b\ “\?{X) CWL\ INEATAE \L\X

/ 14 L

' A BN _'1
1L\\.\ D7) LX\) :- K"‘ { S TJ'( b_ 14

—

— TL‘]_Y/ 1 lf\_hl ﬂ(x

Pirsa: 12080035 Page 41/55




W need 4o Sodve : —h %’_‘l’ b '2__ V(xne) Y0 - =19

2m cxx

F
YK ave the Bloda s Lhadkers , %= e w6, th6o=A ke
ko \:—ﬂ.r\r_\ lnt:k’)(l‘ "‘}-—'L’ <

<~ -k
w‘\cbu\»\ % _ ool \'Ml_U (s

() = [

I
.

\;q( AVAY \\¢f '\[ \

-

Ny = tkena. ‘ L o ”‘.“
(o ||\(K\) 5? T (K—.r""l'/'

1
- . i : K a \
('- }_\ ‘_\1_‘ _\\1 (K—‘i\('t/ —¢. )'L,.\f:‘l :a/ (:; =4 E:(L)_._S:h\ {_ e L,\C (;C-Im) —
.. nan — e

-
-
"

k {0 W e “+oaCCAT(= :I

Milkely by ) end ulegente A\ %
— L L
: ’ r I(.A \; X -l
1L\\.\ 07 ()0 o glx y (¥ L.( h

— / ]

=\ "f-f\_p.m(“
j /

Pirsa: 12080035 Page 42/55




\N (2] V\(_’Qg-l -Lq_, 'SDJ\!Q o \L r\ -Z \}(K‘ht;) “Y(&) &LKK)

Zm c.\-“
ke
k\/(‘&) ACe 'lz:\ne B-\DC\H 'g {‘;‘n(&‘(’h'; 2 \Y"(K)-': & 41)\1(?‘), UG = r_Lx"CU

N i o band ey J Al 2T,
\‘Q“‘N\\\'i '\‘\Y\Ct'.k»ru\.\ , By Em W [ AS l“dw. ' Wr.‘—k X

e =

AT l't . - kna
C

~ - ' < : kma _ 5,
W (h:b _\‘_ 4\ (x-na) =€), 'K) (.; = g;(w——-:,,\?_ €
. N o (L ’

s '\'..H

)

(.\X
r(ﬁf.- R )= 2

- (e

-—

/wt\H.PLa )f‘l\ {“() "VL\ “\”7‘

J
J N

“‘(x [_ K ‘L —Eiae) if”""\“k) i W@

- Jy JUS,, & - /

Pirsa: 12080035 Page 43/55




\N(; v\egr_-l 'L'L» ng\!Q . __K E\D.P + z \}(K“"‘utn) LY(K) - ELKK)
v e -

L\/(K) are t\/\e B-\'OC\H 'g {‘;‘n(b‘(‘h'; P \Yk()()-; Q,thu\-‘(:t)! W) = l'b("‘U
ko b&r\r_\ l“c;l(:u(‘ "*E—’J{-‘ -

\qu’\\'\‘\l\-i "\t N C& \L_l_\ < . \ "-T — tkna W [d

)= f

o
<

-
— wlarrs

g 54 $ (ke S ) 0 (x—na
4 \lene) = s IR = E(H—< )& e atenir RS

¢ o ) =
WMol b O el | % 2 e oderof
Melely 2y | -

\
we) i i i ¥ : - [ v \\‘]L\\\\‘\\‘\\

S tkena.

HS 0§ (0= |

Pirsa: 12080035 Page 44/55




\WNle el o Scllver e haw bt (ETR) {0 = =€)

2 W) c\gi

U(bf\) ACe t\/\e B-\LC\H 'g {W{E\Q‘HT 3 \YP(K)-'; Q,th U\-‘(g.)’ Uel) = rb(ﬂ:v

' . i m \34 \ —tc ‘ '-:.E = Q—r;l-
\”\“"‘“\\&'i Sincbiong g oyl S o, A 75‘—L A\

A {

-
Jarr s

lena. oy 7’
— tken. / LI'\()() (_:) : ()(_.r" J‘/.

- N : e a \
__\\( (K*\\(t/ —¢. )'L,‘r:‘l ’k/ Bl 2, E__—(L)——::h\ ?‘ (o L{) (r(-lm) —

b}

- .\,];l‘:\.\- ! ‘J\;\‘;‘. [ -;

padl '.\\\ &SN

e I‘
{ »
v\ s y | 10 o
.‘,{‘(-rl‘fﬁJ‘—\J\Xl\ R o/ ”

Pirsa: 12080035 Page 45/55




N . - ")’ »
\L \F\S clt’{e UMine S L\nﬁ (_f»'f\‘C’C.'t\ §N 2'{ (h .

Pirsa: 12080035 Page 46/55




R HS r;kt’{e\'*vwiv-.@ s the. corcects &N

Pirsa: 12080035 Page 47/55




O/
- ,

NS defermines the corcectign £

S{(o) = = ()

Pirsa: 12080035 Page 48/55




RHS  determines the corceckign

To)=4 , T~ 400~

Pirsa: 12080035 Page 49/55




\\\\S dete omiv @S the. corce et &N L“W(lf\ 2 (k)= 2, - e }'\(h '}LSLQ‘M]" (x) (\’(z\'-hl\')(_\&
g =L, T()~gla) | gle)~A LI ) ThI= 5 glon) 4

]

i - S~ — -

Pirsa: 12080035 Page 50/55




Pirsa: 12080035 Page 51/55




e -

Pirsa: 12080035 Page 52/55




\Nc: \ne&r;l do \T,GJ\JQ . __K c:-_‘:\_l} s z \](K‘V\t‘) L\’(&) - ELKK)

‘Z'IV"! c‘gl
U((‘/\) are ‘he B.\bdﬂrg {Wft\(rh? ’ \Yk()()-'; G:h U\l(;‘.), U 60 = Re ()

o bl o) Eop ot

Lanly) = 3
\N

\dt\m\m '\_\t o LJC \Gn S

\’_'
=

Pirsa: 12080035 Page 53/55




We need 4o Sodve: — e LY T Vlene) $0 = =Y

2
U((f\) are The B.\bc\ﬂrg LoncErens ) e 6= chv\t(x), Ui b0 = Re (tra)

e o band ey |/ S _E

\:‘\'L’\\'\'ﬁ\l\[i 'L)l e Ct \Qn g

. Ll S
16 = s % (x)

Pirsa: 12080035 Page 54/55




\N;_. need 4o Solve - _—K c_r_\ { - s z \](K‘ht‘) “\’(x} - a‘ﬂac)

2
YK e the Blodn's Shackiers |, Y(a)= e‘“L\gg), U6 =B Ctra
ko \3‘"‘\5\ I“Ql(ﬂ(ll

\ML‘\'\'\':'\\\'_{ ’\t Y\ L_'E \Cn ¢

-

r /o
e (on)

Pirsa: 12080035 Page 55/55




