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The Srmgle Electonn in a Penadie Bolextoal -

The Schnedwmger Egvation 15

03) ~E VW) + v(i) YD) = £ $(z)

3

with  the comditon vz = V{(Z+2)

What ave 4he  forwm of 4he $’s !
PM‘hfo d?l-u:e_ ‘H«e- +m/vzs {OC('I o

To awswer , we
opewc(‘ch

e T W) = YA+



— o

We  expaud ¢//‘—+€;—) L A ) 723/01'“ series |

G5)  Pla+k) = Mé (elmv;)“ Wi = e &V i)
- & v e ,
(/6) 72 = et = & 4 ’ L//ﬂm mﬁa%‘jdbﬂg f/e

‘W/MW‘/LU A 04‘7 fra 7%'-‘.

It carv fe shown  Fhat T2 covmoes with /-// f/a,f/sl

(/7) {%’1) le =0 fn'wt ex(fa.»wc/mg 7;

8) Ev(m) T«I = VT - % Vix) = V@E)T, - v{Z+Ze ). T

= VAT - V@A)E = o

fzz) 4 1T dl=o

Assvming 1o c/egewemag} cemnid i vig ofem?ém« casre  be

d;gzgawa./lze(ﬂ_, bé ‘H/;e_ saw e M/?Larg 'hfms/orma,ﬁan,

4z
Consider Vie) = e”
ko2 X le ey - - Ry & e
(z1) 72 84A4 = e * fel ~ _ ¢//Z+/&.) _ ex. 3 T
T A A : Z A
So e are  e/pcx Va lve.s oj e

2 (Zi+k)=x ) _
Mo w Cynﬁw(e»/ e as  aqc ﬂ/f&l/;ud%/ﬂn/ /%e/u.:

e T o LEESE [ LR o LEFE)E
——
e A Ao R

7718 re/ore y a// exg en vg //es are _ %/e S aiE ﬁ\f edc'/{
é/'geot;/um: e awnd all He states are  depencrate . Then —we
Can 7[27 rw solotims b 9 [ near  cotbina Gos o £ Fhe  epen Ffonetoons,

@3) Ylii) = ﬁr A (K) ¢ “lEeK)T bl N P
K
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Defne ;

cd  yldil = %mne“'”

we  can eaw{y swe  Fhat  Fhus foncloc  fas He properts
(25)  wld, nske) = alb 2) , aud

o) M) = e Tt L Jda)

whete _u(#,2] 15 a pevode Sonetioe  arth w0 degeneracy .

This /5 called f/e B/OGK Theore //739).

For a 5’@% of SC/;Voec//uger /bwe:ﬁws 7%4% ave
degewerm[e :

(27) Y litt) = Zi Taw £la)
Choose  P's  srormalized and orthogomal
Co [t bt de = S
Sk Yo d = Guw = 2 7E 10 §0F b g,

or

L_/—Y"\/
, Sz
(z9) . % 7:1: Tuzw = Suu’ “
wi 1 73,:7— = Tap = ol . Thew

() TTT =1
WW/5 a 6/‘%/76»’1/"4, Wﬂ/f’/k can  be a‘//dgo*ua//zec{,

W
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LECT VEE XTI [0—-26 —¢é0

Bloch Theorewn -

0\ Y(2,2) = e”‘é%,u/aé,/z/

with  degeneracy preseul

) To Pl - Plare) | =T

- K\’W'g = Pe‘mmei Mod62£

Crusider Fhe gue dimmensrwal rase where

fo%ewf)a.z /5 a4 sSéries 0/ fer/ad//c = fuwc?‘)aus.f

vy 1]

(3) V(x) = a Vs %S(X—ma)

w -0 A2 KOG = £ k)

2m  AaAX*T

For 0 4L X<a

L AY12 S

w4 Xt

A A2¢ Lyt o | o+ = ZWE
(&) ek ; "

(7) Y= B siax + B dos X

We e .C’/%S/Jer‘ /Ze, lgﬂ'm/dfy Conndy foons

@ V= e ulux)
7‘46/14) WVia) = e“*% y/lt,0) = e*** Jbo)
Y0)= g
and Y(a) = Asmea + B cosxa = é““é‘lg

s 5,-544 (5¢Jm" “05““)

Fhe




—-¢6-

7%674,,' ‘///1/ = B (‘e*#a_ cos xa_) SN X + sSpuypaxa CoSxX
S/ xa

(= —
i G

S (a-x)

mmg ¢/")‘ '7] LSVM—K{Q—X) f—e””éa 5:'/14,&»4)(]’0<><<a~

S—\o‘r one So/uf/m} fée 07%6" 5 — —f

(b) BOUMAAYUX Cond Tious o %{%‘: Ja ke the fc//acc/m:er
efua,/?m aund /ﬂfegﬂlfe orer a swurall Msém«-e bl
aboot x=o0

€ ‘ e .
—‘% S -——-—‘izxf dx + a Vo % LS(X’MA\ ¢ (x)dx = 5‘[¢’{X)d¥
—¢

them: -®° ( d¢ @ _ ad)(or] + aVNo W(o) =0

Zne A x Ax

\Oe Codls S ‘Hﬂ@ S -S:UM¢+(6% ?rc.Se..vves W v 7‘%@;
second m{'egrml o th LHS \ouTL Yot - W (o)
VCl/V\tSLles awve +L\& RHS,

R

Define ;. 1 = -\’—”——’_/"E%- +he

J

ax a X
7Hhos 5/mw/74g 7"44—% f/e a/cr/z/nlé/c‘s dve oivscou 74/71uaus‘.
Freve previevs consideration o1 FHhe Prawsfatioval
progerties of the ¢’

Pix) e et plira) . AU . TH 4 PG
’ d x d x

o d PO _ e_“ea d Yla)”
Ax ax

Mok d-b’Mé/-m/‘VIg u)iILA /’le aéaye:

AP0t _ S ) 2y 400
A X Ax




9///6:‘644/'/4,7614_9; Wk previdvs 5’01)%/;% ][m« ¢j

g/l/&z/g 7 3 (q):

(9) %é_ = o [—COS X (d-X) wullll = 4 Ee coS o(x] ('l/leg/ec'lézwg dh )

ad Yl - [e‘za-— COSma]
AKX

. ] =
Ab@ - w e M cosnac ] L mibply be o

a4 Sué‘sﬁﬁfe h 7‘46 /ésu//' a]: &) -

(7) X [Z cos ba — 2 cos oca] T N Sumxa
or FW”’““?]"

Siexa
X A

(16) cos ha = W & Cos xa
Lef- vs 0w exawiiue the RHS | define 0 assBilaa)
Plo+ t“' aga('ns'l' KA

Fl) = ma +t
F () = dosad

PR S P — e s e —

(Ue wolle, +hat 4he AHS of () casuel be grea.)ler Fhdoic T
be cause +he funehoe cos ha s real m«/7 be fvees. fhese
valves. Otherwise % wovld be rmiagiviary auvd Adawiping
wovld  oacor. féer&/ore & orF E Cdawm mf/7 fake ow  certame
vauges of  valves whith gre called bpasnds.




PY‘OPQY‘{—lGS of Bauds:

A. For ma — ©

cos BPa = cos xa
‘ﬁ,‘;o(-'— ZzZwE
”t

g = % oF we HAave Fhe case
a% -//:e /n?e fmr‘f?c/e,

B. Fovr Wl =% a0 (‘(‘rwwdous by §UM¢+\WS L ) :

Simead = ¢os ka = o
Lo = MM , WX o
> < ; A 7L /
annch = = L T sr wc /mye the parilicse
2wmat /N a box.

C'/?ecimg; Y (o) = M s ota =0
P ) = M e“‘ia Smxa =0

For ther /m/'c’r-ﬁes : |
The vesolt of B wdicates Fhat the vpper ecdges
of the bamds  {o llows  Hhe ﬁ:a,—ré/c/e w a box epuafine:.

’ . 1w That s | H\e% alway s
04V cd' wp///f/éﬁ o;'(a
z

<,
o
2
=

I eﬂ@A é’W&(’, —/ < cos kha & +/ ) (%—1)//" & Za £ nim
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Consider the _‘9107" of E  versvs

: ! We shall see /afcf Iz/af /5

. v . gossi L/e +o +rams/af'e, ‘i’l\e

':F"Hw ;;o;,;”i Zownes \:na the *remproca.l

(i = . lattice veetors amd can Farm
.' : the so-cafled veduced

. Beilloviv g eone.

7 r o i m t
Exawmine 4 0 i Hhes region  we  yay ge?L E = [/“/e)

CK?(‘C({’(‘A,

We L\o.ue. A expwdmg eq(/a./'lm (io)'.

(“) | — J_Zfa"= ’1,\ 5ma(0<o+50<) 4 ¢osa(olo+<fo<\
Ao (1 + dx)
XKoo
= nha ( | — éﬁ)(.{md% + a S« dﬂSdG\’o>+ o5 ado — a $u smae
Ao Ak =e
== _l/_\ik_ Sim aole + dog A% — S Z\,‘._ (Sm A Xo — AXe cosado>+asma%]
X QA e
C ) "
l(l weSss
|
. f z
New E£= - (a0 +§x) = Tot® 4 K §x
Zn P A
T e
-1
z T 5=
(/z) E = ﬁzlﬁ a* 1\'.;_ (S\A,\a.o(o — A os cosatxo)—l—O\Sw\ Okd:l + T

2 wm¥E 9

e Z
-4
— T 4T E w =)
= 1% oo™ = {a I%}(smauo- Ao (05 C((Xo)] + \} Y

wiér@ wm* s Fhe eﬁc%m 1ass  aund cam  po /mm 0 to o0
over both 4+ awd - yalves,

B S N R i e e T i S P O i T
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LECTURE XXX

16 -28~-¢0

F’rope\-‘hes of Wave Fuwetious

m a Pevriodie Potewlial:
e Agg,"n ‘,u/f'/t 7‘46 .S'c/ré‘e(/uugc"r ec/waf/m c‘(.zz/r(/ /'AC
pe rtod’:c/'/)/ c‘md; /741245' .
0) {—_7_‘_1_ v + v(a)] Vi) = £ 525(4)
2w
) Vr) = Vv (a+Ra)

R XP. ,
@ blha) 2 &7 L lta) = Pl

Operating with P blt,n) -

n Lt J '
(4) - elﬁ = o (};ﬁ p 70)
and

we ge‘f /cr 'f/e fc-/raec/wger e’yua,ﬁaxv_

&) [ ‘Z“;w ('F’Jfﬁﬁv -+ V(v")] d lh,n) = E ,a/?é,/z)

E T (e k) VO] (2,4

= Ez”/%-//"')
No w L /s a fwtra/me,ﬁr 0/ 7‘46 6’7uch/n& , fﬁa‘f:sl
7‘/16 é/ge/yt/;'wcﬁms’ Al n (‘ﬁ,ﬂ) /lavc /’éa é/nga/ues
E—n {%.) ‘Me‘n;
@ |3 (vrak) V) | (4,2) = E(R) iy (2)
We mow observe Hle 7[0//000/7/’(5’ fyaper-f/es of r4de
Schrcedivger egvatim (6]
o

L) - b (é,ﬂ) = ¢ - ttn (#,2)

H* (%) =  H(E) ( poteutial 1s real )

) En [—ﬁ) = En /ﬁ) (f/_g&nva/ues are Véu.Z)

X R) = e (%)

Mefc’ e & ((‘/Vc’c‘/L ('mu’;uwre, o/ 7‘4:: fc/,roe({wlger'
ST,



_ 7/

We 1o wua /re. -/-Ae, /o //cw/ g frms/ar v Flista /‘a U2t Ean 7Lu~.~m_
space

. £ )'/’L
©@  ba (h,2) = %Xu(?&)’f)e .

2

@t (k)= Ea K (k) e

We W057L /MVC _,Z/n /Té,ﬂ/ = A (ﬁ, 7+ /?e) Mﬁ/ e see
that- fhis s so  simee et F = | Alsc , we  zumesl
‘/’/’M!/a/m /‘46 7 7‘&4 fm. &

__4_/("/1

o)  V(z) = % viK) e

We wvew TFraus /o rom the variovs £4 s of //,e_ Sch rgec/mf er
egua #r o o,m)rccﬁwg o Yhe  Block fuuc',?éms :

a) -5 7L ()= = B (k) X (4, K) e"(ﬁfk)%
K

wvA
ZVA =

Tl +r=K)n

b) V(«) ‘Dn (1’.)/1-\ = %} \/(K) X“("‘Q'Kl)e
¢) En (+.) ]g‘n('h),z_) < Fu () % yk (‘f‘.,K\ C‘L (t+K)n

v/ .Separa{'e oot f/le X)ﬂ a/reyafe Pea % a, b, ¢ w/fA

/

ge"A. (?—fk")-/l. ({3'/" ; kﬂaw;ug f’hgf 4
(1) gﬁ-*(K—K’I)‘ndgm = QO Sex-
T hew -,
A E /('k”)‘
D — 2, _:ﬁ‘—- (2t )" Xu (% «) jd% ei( /Ldz/z
K A
= & (frr) Xn (f,KY)
zZ W™
\o\ = = 9y i (“‘L,K') Sdsﬁ. eA (ko) en
ke’
= éfc: V(‘F)X“(“k,/(f—k”) g o) wlte‘u. K'= Kk+&”

) = Exlt] Xu(h, k")
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We Wiy New ;’ef’/d.dé e w//'/t Kk everyw/e/& andA

arrive ﬂf %Ae 'wowe/ufum space reflres'w%a%/aw a][

%—//e fc/zrceﬁ//%gei’ evyua.ﬁm:

(@ K (e Lo (&) + %V(K’)Xu(a Ktk ) = Entl) X (4, i)

Z v

We Wﬂbj '71'/1/%/4 a/ fé/s a4s 10 /mfger’ a (;/,//e,«e,ufm,/
equaﬁm«/ but 08  ta a[f’eéra/c g/ua/‘m 1o X, L heo
V(‘/c) g, /7 veduces were/ A the energ as a
}umcﬁm of # eyvdfm /ar e free fﬂrj/ EXave e
Fhe condi ton whew K— kK + K" . ,t/ar‘4n4g ¢ hages it
fée covise glete ¢ %/a.f, y2 the /ﬂ'/rsf o same bnbynikl

(12)  Ex () = Ex (+K) | aud,
(9 Yoo (% +£° f-) = Xae (%, k)
7%6 5‘0Z5cr1/91L n /5 nMow c/éd/j /éaf /5/ e;:ua%mvt (’3)

m/!/7 b (ds /m/ Hhe  sawve valve of w  or breweh.
We NI  Exawt mE A _,anw/ d/ g;m//m U#);

Let o 4 4k

K'_) K - K”

New ]éo/c avL %Ae 54/1”8(?4/%5:2;» Z;Qaﬁ/w avd wofe:

% + K — E+E
Ex(t) = pEnlt+£”)
Thew wk/?‘/wg;

B (k)" Ao bk k-k") + 2, V(K] Yo (4K ek s k)

v K"
= EnlE) Xu (R+K, - £7)
and  we Cain ‘V\Aa.ké, "HAe_ solm'{' 4—./(\
You (et k', k-%) = Xa (%, K)

L /Ae 7 Z»/Mcé-

A(::f Vs See /m,u f%/! CoNeervts /746. é’/océ Fancﬁay/s,




1/\

05) bx (o) = E X (k) N L S (ke )
K

,Lef /{/“/{//-—0 l{.’” o= /(/+/\,// : 726,14..
= —— Atttk ") on
@ by (t,a) = 2 Xulhrx', §7) e

(l

bv (R tK%a) = b (%)

ﬂ/s 5/4'405 %44/' 74/{(: 5/0(‘,/ /b%dﬁm.f a@aré fer/aa//c

V& A< 4 é/’ﬂM64
c’,[ %4& rem,vnfc*a/ jfa'c'ci A4S w'e// as //e e,uerfy,

We 10w  cousider the /»rcé/ews 4// Eou;m/érg il Hortes
Feriodic Bouudarg Cruditiows

(1 bw (#,nv8) = e % bn (4, 2)
- +- G atems = We wault{ l(ke, +o 'Aave. H\e C‘&QI(Q.
- . Cc’\Ath"l'\m v the Bbeh f—uvu;'hw\s/ VizZ,
> aTaw ba (o, A +Fe) = b (“Zf.,ﬂ)
[ ] v
i

Y AW/4 A he
then e~ = B, 2:Re = 2Tn
We mow vecall ‘/’Ac: /o//ow/'ng

Ve/qﬁwzs (?/M([ 4744/@;’/65 /kcrm
74%1‘,&. Vflﬂrq‘l‘mv\_ ‘H\Corg ‘

E': Zﬂ(gté:*ﬁz;z +99£.:)) &;'—'.L:CEL&

g —» % = -’—ZG-I'(‘Q,; 1“92ZL+93£33

We thew  Jave ), Ffe = 27 (o 402 +03)

or

/—/za—tl e spacing befuces. the #’s  1u  the  Srechow of

A PCL\'“"@.U)G-\"

vec'_\Prc»col, la Hrice ch%cw /s 2T b
G
dA/toL Hze; 4/6445/)‘7 a/ j/ﬁ/f’s .fc’r“ uw/f ya/ame /5 }—EQ-T_’ 6/3%.
. 7
'ﬂfr‘&%are/ fle %% are discrete wth 4= +k.
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Oneé /wparfamf d///wwce ée%weéz«_ c:/ec/#m wrotion  aud
lattice vibrations s +hat {or electroms  FHleve s wmo
imherevt <hort wmue(wgﬂx Jenit. _Tlne e/ec:frmwc_: b ratheus
ave m - Qm/\+l“V1UUM cuéereag‘ /4/'/668 V/!/’zz//nff are
0/,5%)*/[:0%:0( ey A space a/ dfcrel‘e famé, 'fﬁere/ﬂom/
+here 15 auere yuearnig fo 4 + K,
As Aaf//ce z//émléms/ we  way /Mﬁt&é/fﬂ ‘//é- 'nof/m
a# Bm”ou-w ZOUES aa dl a/e//-ne @ dew:’/éy a[ S/_c’t/GS
-§-uwc_+\m.
L“ky
| i ‘_‘_’"’*—“ -
T Ads
ETdE
) - L 33
418 o (F)dE= ——, 47 %

The disfaviee  befween £ aud

£ +dE s
(19) A —ldff—l . awmd  the  volowme
(z0) d% = de A8 Therefore,
| 74El
) plelde = 46 5 \(éfzt o
(22) p(e) = —= %}

We sew ./n'ceea/ Ao Fhe

Bw”ouaw 2 0wnes.

6/&1»«(9447‘ FAS

cons /}ue Forit of Fhe



Constroctioe of Brillpoive Zoves. | SEL ER R
C‘Mfld’a‘ 73 fwo d’/WW{/md./ 575/4/6 /alL%/ce, 7Zc /c’c‘[/ﬂfca./
Jattiee of a square lathee 15 a sguare lattie .
The  roles  are -
F‘\rs{' BZ: B.seq{’ the  lumes oinwmg ‘H\c uea(es"' -yletgl,\looks
(,UAOL 6k+wd7\ ‘H/»e_ b_nsec‘('o‘rs vu‘('([ ‘HAe\a ‘u_‘f'ersc'c‘(',
Sc?cm'm(, BZ? aneci’ ‘Hﬂe -vxe)d’ ‘\AEM.YCS'IL Me(gh\got“ d(s{'cuﬂées
and GroceeaQ as Lefm’e.
Thed B8%: Biseet +he +hid vearest ue,g/.hﬂ t//!él/lfc’ aud
grveeed as  belore.

/7143 /y)uM!&r of, Br///ou/% zoves  cdaw  be c‘mﬂl»—ucﬁ:c{/ /%,,#/5,

?0.5\(\10'\/\-9

Eirst Zowe

Seconwd Zoue

,_. pLoM y K § T‘mrd‘ Zoe N
NESL L/
x¢ s ca ~~—o---+—~‘j§,’-‘l——~ / -
. .li e ; j‘ e Et&?'\'wce; L. Brillovine &
e ,“U AV \\ : . Wave P\ropo.ga.‘i'ln\_, na
i ZOAA Peviodie  Strvefures
T
- ° ® T"~ “ -
\ T+ 1s seen -szj’ -H«e,
-— ¢ X . - Zogwnes cawn \ae W«Fe& 5
h back \OLA a rev.?rcca.L
i lattice vec{'ov—.
§E
| Reduced Zone Schewe : =
I I+ s flosm!»/e fo VG p
- eVerta‘HM'vxq; wte the s'-\rs‘ll'
ns
. U .|~ AL S Brillevivw zoue. 7ie Ayag raer
et '?t " Shown 1s )Ccr— +he {:ree oac\ﬂl‘nc/e,
! ) | . Jdegemeracy i
e N Lo yfeg ¢ 9 H¢+ual‘\3 y "H\e eer'f'url:e..'ll'lo‘v\
| =)
- 7 | - o +he ,Fewod(c, Vfaof’e/vch«-l
- h" m';:.' | -—;:r W 2
oo b : will  vewmove.  the degeneraty
E vs h Fcr &Mp+«é UL’che. df '7"116 2Zoné 60/5)6,
- 3
Via)zo, £= Bt | ()
=t lh,a) * = oot




LECTYRE XV 10-31-60

C}aw,[,cmL/m of Some Pornls m lectore XV .
Show ELulh) = En(b+k£)
Mow :
£)e
bn (#,2) = ékf X (f+k) eiﬂ* I

Then: T (4+0)" Ko (hek) + Z V() Yo (R+eex’)

= G (t) X (h+k)
/LC% k‘; K‘f’k” «

z (rk’r &) X (krksr) + 2 v(K)Xu (4+K"+ Kk +Kk')
i . K’ 7

= En (%) Ku(#+F4E)
R

Then we see Elt) = Ex (Brr”)
gaid ey PRk sl -8 ) = Yo M)
o b (hik, A) = Yo (h,n)

ar

Iv\fereref‘-n/e ‘I’”us{'ra{’tm; Evmp"‘a Lcul"hce) V=0,6 E= i

Z v

" £ (%R Simee Evs 15 coutmmuovs  we can
| duide ‘f space wp auy  way we
f{ . . , _, wardl. We dom see obviows!
' +hat En&)‘ ¥ L (k+FE), However,
we Catk m?Ler(yre'(’ 5(/04 a# @yud//é
as was olerlveo( aé”e vt feruts

_ ' v;—-~—~~-—-+- * o( the exteunded and veduced 82

Y - 217,
B a s sehewes.

We kwew Fhat we can wap all  solvtiens of Hhe Sehroedmger
Gfﬂﬁflm back wto  the //V;f Zove and /me the

veduced — sehewe . .z-’/ s s 0t dewe e  Have Fhe
extewded, — schewme.
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, E(2)
N ——— '/1 :
\ \: ™ o/ Now E—u(_‘k) 1S wuH’t ~vafoed w  the
N A ; 9“’5{' Zone  and  u s _asscciated
) tf- P with each broe o . the
= ___,.'_,_‘;-;‘_ _.-‘_ I Tch(iG& ZOoUE
_-;'-”79k __1% \J : 74. 2% : k .
=y
let Zowe
S Exteunded Zoues Redveed Rome s
Y ane ,So{u‘f"lm quy wd’o Fws{' BZ
cowesfmnclwrg Yo I-y\,(vvu{'e, nowmle —
each & o} _So/ggfums cdrrresfcfm/mg
o each % awud Jabelled
)o% .,
NOW, scvice  ak /ﬁwc:_ Je’/lﬂéc/ eac;é brauncd 17 n we way
conisider  Fhewn Fo be pertodic. n % spate awmd draw Fhe
§a“cuuwxg.
lEik\) wWwe wow (e+urw +o Hte
A discossion ap Bloch {uud?ms.
| \n3 We see that the Ex’s tave
Lot NV LN the trwe yeyerfzé/éz fm;e;—f, VIE.
\ =4 En /ﬁ) = Fax /‘1) Md .
K N ldu () = U (%) ; 70//& :
o — : S awalogovs % fhe sitvalion of
S TP - Fhe ergewvalves awd erpesvectrs
of the lattice vibratne f%earq,
We see Hhat He Block fonctons |, viz.
, 1t
b~ é% /Z‘I/LJ = € A /ﬁ/ﬂﬂ/

L\ow& 'H\c; Samae

,CaY'WL as Hﬂ& 750[07[1!%5_ #p fAe }a/’%mé ytéi’-d/zm

e;ua«ﬁm o; nAg f/d’%.
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Let vs exawmme the Lve[qawouﬁ of #he evergy Fhe
{:ws{' B lloviue Zene d[ a  sgeare /af/:de,

= Now Exn (otk) = En (k)
S SRS N i Thew Ew () = € (+)
| v and U Ew(t) = Vi G (4]

b 4 re//ec/&w férdufé Hhe or/pI% 15

allowed
JEwlk)  _ JE.(R) _
g T 3t

Which holds /or B 4 a/erIUaJZ/Ves' e T AT
the energy /145 an ex%remu‘w- atf %K’_ B Z faec oF f[q-/-
it omost  be  roovded.  That Hus s so will be seese  whew Hre
_,fey-f'u'rbaﬁau. o]: o ferlodtc /a.TLrche /5 ama//c’/,

NOF’\MA.LL"'V aud  Ortho (Maln{’ of Bloch Fuoumelious:
Q d
LUe a/é‘wa/uc{ %/Iaf4
O balhn) = M e* ** i (4,2)

@ m* glo:’ (£,2) b (1,4) d°2

i\

Son? &é't s 7Ze/u_/

o) o [bE (4 0) b (ha) da = " {7707

0

/{/uf(ijﬂ>ﬂﬂ /im)ﬁ/;/z,

_ mz é‘ S‘ 64[1,1"/. //Zhe) _/él:f (i’,ﬂ-) U /‘ﬁ,«Z) 0(34
R gt cote

% (v k)
because +the b's are _{fer/oa’/d,:[h (i,m/e): €"L /Jﬁft,fz)—J

~#tr
- %ex(i }R&e'{(i%)ﬂ/é/w*/jﬁ e

e

- M* &% S %‘dw* A d3n
/5

Seride we /Idld j/??ww. /r‘el/wu!/7 /in /a/L//c'e w‘émﬁm

L 7”/160/7 7%4,%2
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/45 7‘/6 Mn's _are 50/0//4'145 o fcérae/m ers e UG—AJK dbua{
g 7

forw a W»f/eﬁg 5@21: we way )/egard Fhewn as a/—-f/ogmxid.(

(pvu',L ’v\omah z ec.Q. T(Aus .

) S (n) b lhon) £a = A Swar - o= (4t dn
. o

—y—

= gi.i/ J;l‘n./ S“?\/

w/%‘z m:]_\j’f{'l

PERIODIC POTENTIAL PERTURBATION ! THE MNEARLY FREE ELECTROMN
ﬂcfen—ng 1o the }[/fw’c of the redveced zoue 5¢/eweﬁ, we w://
Show Fthet onder 2 periodic  pofeutial dssbribotinc , the, cusps
at +the face of the Brillevin zewe _wil/ rovwd off. We oo t4is
\9‘3 agelyug the periodic goteutial as a fe;-)%u,—'éq,ﬁmj
__Comsiderirg VIK') i equatine XIT (2) as  being very swmall
Whew K =0 :

() K #* Y (%) + % VK) Xu (k') = E(3) Xn (_Z)

Znt

Mow i Hg ex?l'w;/eoé ;m&_;,nepreﬁeu/’a—/im we. ey rexrove %A@_H,A
"n's Somee  there s mow fer/oa//c.//y, 77&«. we  Have /}/’M ée/orc:

Pz 7 (% FK)
& bn (t.2) = X(tle /Lf ff)(/%.f/c)e/' RS
X

where  the prome  olesotes Fhe deletorr of F=0 i Fhe some. 5//0«4/;4‘9
the usval ,pfrfur-kaﬁm Wa/éoc/.s/ we may wrile

() Aw) = X4 X)) X)) -
Elt) = E°%) + (%) + .
X (#+k) = X" (4+K) +

V) = Z Ve "
K




= 5’0.._
I‘Y\ TL‘@« ZCYOQ +L Ordar .
@ FE Xk + v XA = £C) )7 s)

We gt E(4) = Vo + ZE | the free efoeton .

T the First Order
(9 L—f—:; (£ +k)" + V(O)] Y% k) ¢ Vel ¥ (%)

= £94) Y /’)/ifk) - [V(o/ n _i_}ff } )(“(1“/)
Solving for XV .

(0 X (#ek) = VIR X (%)
A L= (i)

Ypo  se f/mg vp  the vsval Lirst ovder egva tine /ér Fhe
@er‘hﬂ“lﬂe& wergaa !

() v [ X)) = £Ca) X)) + E Y

w e seé féd,f Eﬂ/ = 0 seo we Wus/ //aceea/ ‘/a /’/C

r

second  order, T the secomd order:
(ie) [—ﬁ;g + V(O)IY”\HJ = =y X7 (44 k)
=]
= FEYYR) YY)+ VX T)
o EUXY(2) = & VIK) X" (k)
KI
50&;/1/0/»@ (10) [or X")/%H £

) ETXO@) = 2, VI VEED X" ()
¥ e o]




s \

5/?74‘6_ #ﬁ& fﬂf&vr?z/'d.( /% r@a// @ e spe /mm e7u¢ﬁm XTU_ (’,c)

7N flwa V ('K) = W= (K) Md we. r,oé'%d/k )[or-' f%ﬁ v (’h»n/;/g/c 7’:9/&,[
__encrg s o/[ Flhe ][ Nz /L fé/ec arc/grs o/ /e,—ﬁféaj//m;

ue E< vl + BE < N[
P c (o) rel
EY(4) - E” (ErK)

Oufta -Xl‘)[ﬂ, contribotes 4o e  totfal wave /L,,,,dyém g lriy wilh X(A):
(15) 7_ / /114} _ _‘r): 641.4 E‘ 5 ér l('(c) ez j Xloi(z)

< E/o)/%_) "E/O)(zf'/cj

However , L E “ft) —  EUirk ) He  soliten diverges awd we Have |
a a’g&wem@g _emdifion. e will mow consider Fhis _case s

Freatzd fy the  degenerate fehjéuréﬁ?ém ﬂeary < . - o
We w‘r!fc)' &dr- +ue duge\’W'I’ 57‘&@5 ,,_f—, y IR A - PR IR b |

() [é—; s VM—L'XH.) t vl Xfark) = £ XB) . .

dnna (5 (0™l | X (24 +vCE) X (4] = £ X (4+F) i
as  the  two schyediger egeations ix  qppmentormn space whiid e ot
Now  solve  Lor the sphtting of the  depemerate  Jevels,
L,Ecruxeé, 2yl ll=2- éo' 3
Lecplslitne _on  fearly Free eloctme tModel
7767 Wrwentyme yepvesentatine equalions for Sso._ gl evasct ;é"les,;_i, ﬁHt
are
() =B (k] %V(K’)X(ﬁmm') = £ A (4+£]

o :;% 4* X)) + S vlk) X (hrk) = £ X (%)

Kl




< gne

77556 5/4-1,%;‘:5 Are fér/uréc’t{ 57 /’/e /;//éWJMg ,fd%&l/[%/a/!;

(z) v(k) = v (k)
vio) = V© (o]

Mt{ fée 544740’“/ -4//9 /é /%6 jecm:{ order /ér /'45 ﬁﬁu/

e 7!87"3? /3

@) i) = vl + A 4 =t —
Z ne i o . &
X (e (v |

E{O)/Z) = Eﬁ//'z‘/'t}
e the «a/f{(wem?é case.
De g)eMeraL,‘{'& Pe r"(;u\’Lai-“(’lm ATrea,‘l’wmf b4

we Jave Sfor She  fwo sﬁrés;

T dhe Fersel avidler
@ [ L[ X )+ vk X (hek] = £ X(%)
[_— (d+8)" + V(O)] A (htk) + v/,/f) Y] = £ (7€l

Solving for /'/e,_ coe//,c/wtzs of the s _we  have The
go “ou)'vv\.g 5@69/@1’ @?ua,‘/zm

) X 0t v - v (k)
= 0
V(-k) = v¥(k) _Z’B% (4 +K)* + V(o) -

Pl E = E-—V/O) aud so/ve  He Lo Faraprvipeel

@, [C——— ’F\:f]Ié __ii_‘i 1 ‘\V(H\z‘f—o
gr ~ K [#+ /mk)”]c'- +[ (;;\L#(uk)z- W(K)ll;l =0




We oW 50/{/’6 }[or . 17 //Q, yaa/nz%c gyud,%m e fe/:
- - i 2 Yz
@ e = 5 [aree) ] =[5 (E) {0 e v

7hew

Iz

6 £= v+ £ [e”ul v £% k)] £ (L e) - £9r k) V0T |
Thes s +he ?arﬂl order ewuergy /eﬂzurécuém )
fet 5 wnw  cousider He ﬁ//awwg 0351 yrm .

A E) - F%rk) > |V(x))
We fe_f From eymﬁm (®)
£ = V) + £°/%) case (;/ /,7/55 eéd}é’ms.
viol + £ (4+k)

B. £°(t) = F”(4+k)
We g&% ﬁm eyua)ém 8) 1 -
£< V0 E%) £ VK]
Ths  sccors  whem A [’kl—— /iv")()z:( =0 which  amcases

+ha t a//!c‘m%/twwées are //55%&%. ﬂa_/ /6 *
(‘if—l()l-'ﬁzso 5 K+ 24 K =0

In ove dumensiomw: H = £ & {’/'( 14 €1 ther i:)

whick 15 Fhe Je//u///m of the EBZ  bovudaries.

- The equation #= % EK dowotes bisectinc
B sf a/;s%dmcés be Tweese  reciproce! Jahice
, v?oi/z/t‘h- This als0 /Mc/,ea,/es f/&

AL L ', Tws  solelines of  the ewerpy eyuaﬁm
wm Fhe F farf‘f.
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We see %Aﬂr/— at #=tlEK p there are Ao 5‘0///14445 /[ar e
eneryy , vz, E = V6] + FO>%) + Ivikll

= V) + EY%) - Ivial

thit /5, 7he crnergy of- the  un 7er/ufé,6/ f/,ule ba s o
59':7" m{’o +wo dtﬂfevbw‘{' Jevels Bca 'H/L& -fer-‘{'Vr(ad'am, . i

dzw&vzﬂm - /‘4/1 LRppears  as .

: ' , l Se hﬂ_mg dve  to Wktg  of fhe
C . ’ 1 {] un fer%ukéea( 5}%, 7Zc5 é? %A&, s 274 //
| ferfw—émg £0 bwlial,

- >,

i TL\ree ®]"MI\€AA$ (ons !

v‘!.J. 1\65 (V0 +‘~1 P(a,we. L % < .

NI SRR NI, [N - kK* +2 (fun ¥ 1{_\.\‘ K =0,
L f byt 1{1_‘ k=10

A AT '—‘;_- <
Thus s‘f/zﬁ?-ng will odevr at a

Bri/llovine Zowme /acc.

We aow wote  that = 4 odik =d 24 M,Légam Fo e

Bv‘agg mﬂecihm | @ re{a{’eoe. +o the ;cacf/”erwtg of X')’dé{é.
We ow exawtime  Fhis re/aﬁm;/rla.

We sttt with X rays of wave wvmber H  pud

&rﬂiuwc«a W ™ : © (tria=wt) e PE

i
n
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We %/&t«(. Aa,z/c fb/’ %'{6 Wdz%/'/)( e/ét«um)é o/ 7‘/{6 Jga’/l/gf—mg
W&‘H]K 4

(b v W) = Lo ZLy(0) At (gl r A

AL i :

— . _
aund. the wad’hx wusT  be Fmtfe, ) 0 S A=k
TIL: wi=w

w= X
|7 = | 7]
| # -k| = | 7]
HE- 2Fk +k = HT
or kK*-22F-k =0 ( Brage Re(—let"ﬁm\
Thes  weans; N ~
N AB = - H .
Fsv c:mﬁw?zlra mtlerémme iR et
7B + Bc = p. Be= Al
177)

We  thesw geﬂ‘f Ao (Zr- #) = ff4./l » with d.‘~ég = ‘QJ
Vhew, H'—% = ﬁ’fu‘h- = 2mM o b = K

Returu +  Brlloviw Zoues

At the B# /acc L, we  Have a 5///£ug o) euergy fevels /7
5 )V“()‘ . Wkd-'{_’ M?ng w/"&b(- V(K) VWISA%B 744,/' /5 7L0 fd’f,
e séov/a{ e exfecslé A, dZSCm%mw%y af RiETY BZ ﬁce ) be cause
v (Kl /Witgkf sgﬁf@»waﬁca//aq VWIJA ar ﬂCc‘zﬂch//y vauish 5 /4r/lcu/ér/y
wéew we are a/éa/mg U-M%A a /a%éc& with a basis.

(a‘l"md /dw//cwl) V(A) & ﬁbl § VA. (/L-' ﬂg_/b') — 2) \/(K)e—-x_/(aﬂ.
K

| 7, :

\ .2

.zf.v‘n .

We will ym fnd Vit e/(///az/{?z




...gé__

avd  tu /efﬂz/z’e orer

/”/u//f/é Zy 61/(114
aund gl,f—.'

@ V(K = Z fdgn b (- be-b)e "

c’a-O"t{m:L?Lc J'fdatf

Make ‘Hl\e 50195-/, %o%ms i

A= A +h+h
Ak e k(n +4)
4 KiRe
; 2t kb
(16) Q V(x) = i& Sd‘%f v(e) e e

"
(O
W
5
i)
o
L/B
S
w
~
<
B
et
()
N
%
h\.

We defwe +he s ifrvetore }ac.félﬂ’ b be ¢
(u\ ',Sl,c . ﬂbeik‘b

Ufw&“? H»e case wéw V/)(} VMUA()

strvetore facter  vam tshes. T hus
Jones  Fowve.

i because ;‘/e
wow bvivigs  ps  to  the

Towes Zowe (T2} Ths 15 the 20ve  each of o hose /aees
carres(fmd +2 energy a’/.(dm?éuo/‘f/ei T _g&uem)} She T XZ

5 lavger  Fhaw the BZE . Fir suuple stoetores, ﬂe; are
\dewchieal.

EXWfle‘. Face Centered  Cubic LaAtce

Consder fee wilk ome atmu per sl ee

&l 2
Ay , :
» " \00'3 al = % (0 l|) b( = -la- (“) ! l\
) dv = % (10() b, = ‘laf (\" (\ bee
G * —a{(l\O) b_g = i’ (I \-—'l)
d.x 03
ow b, *
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) . AR 3
Now the  atpmc volyme 15 Va = A «de x4z = lo‘}g— -4
vio | 8 ¥
and.  +the rec:(proca.l. )a‘”—(ce veetor s
i T =1 i |
K= %—LQ.(:)*—gL (-|)+§‘3(|)_:l
| -
ﬂ/\e. *meare;/' ﬂe/fééory [ Veef/z/h%é space  dre o/' ?‘ée /éi’m
- oz [
K" ZK‘ ( t) ;e"'c.
. { 7 [0 _UYr (&)
For wext Meawes‘él‘ K=z %[(?)) = "L'/Z (‘o) & (?)

aAAOL ‘l’L\,e &cSeaLors w/// sruwe A '7[)’02/{:4/66{ &C/é/(//’//p(, ﬁ'ﬁ
'VleareSf and M{' Metglqlaor* wfc)mcﬁm, The /f’xafﬂla-/ side
s L o the yearest ’Ytelgl\LfY" vectors | 7he sguare side
5 L 4o the yext mearest wfgééar yec s,

LECTUVRE XNIL /- 4= 60

Joues aunmd  Brilleviw Zoues:
We i Trodivee.  Fhe ve -/a,f/m 77 /,,,, wearest Wg/gélar:
T the fee Jattice;

far’ next ’ne’ares/ wc’/fééors.

and mnn
areé ¢

+he s /cw ces i rec //n/cw/ space

it (':) ,67,2, (’Aeta.gcma,z /‘ace; at juf//am,'s )

L

=

n"n | K

T
WA K = Haﬂ: (%) ) ech. ( Squarc /acés at 5arﬁ4es )

Constroction of the Tomes Zowe :
Con sider  Fhe fee epual/ fo Fhe se  with a basis .

a siwmple cobr : the BZ .5 a cobe, Jhe  Jmtes zome 15

C’W:/?u:?le/ Y] f/a_f V//(/

@71""5;7 f”lf" ex /5% 47‘ féf’ /ézdef. We édre !

() V[K) NSk =

(/aef 770% VW{!Z 474 /’4.: Az('g_s . or, 7‘/&7‘

%l \‘,’JK"& where /ﬂ/e, ;:r,Ff 4 ara basis Vcé?érs.
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New : Q) = 61(10’) oo gy e a(é)

=1 g (G bt pk t53bs ). &
&

omd Sk =
we e He  Lasie  ppetare g

% = [000) | & (//0)) 2 [/0/) ; % (011) ) 7%6}*6/076:

wa (8= +83) TL (gitas) ML (8 6z
Se = [+ e + e 3+e_,( *)

(2)

Let vs  examme what 44//9445 to Sk when fa/rwg nn,

nnn | efe.

A. MM m se 0.Q. Q3 = loo

Se= L+l-1-l =0
B: nmwm Q.0 = 1lO

g2 =l -] = &
C. nnun | 0.9.Q: = 11l Se = ¥
5 Vix) o

D: vivmww ¢ @ g Qs = 200 T w A

We Jave 7[ar‘ 7‘%@ rec:/nva,/ /o Frce. z/ce,rér‘:

(3) K= 27 (0b +tg.by vgshs) = ZL I?' (I) t Qe (2\ + ¢35 (8”

For case & abote: K= ZL [ (é)Jr (f;) +(<§:)]
w/l /C/L /5 7‘1& Sawme  as 7‘/& 445%0—446@ Ze /we&u_ r ¥ 4 whew
CmS'/a[&rmg /%E, /cc as wi f‘. oue d?éwu fev Unsz ce//,

"
For case D ‘alaove: K = i'ééz: (8) which s e came

as  She distance 4.!e/4'ue&v«_ wun whes  cos dernrg He fec
as  with  ome atom per et cel
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5 Toe  Fhis case, the Jomes Rowe 15 Fhe  sawe as Hhe Brilloor zowe
where /4£m7 FHhe ./Cc as 7 475}%%‘&//‘ Tné f&aera,// The B2 awud
the JTZ  are a///ﬁ/ad{' as 1 e e 7 ]/M €{'d4u//€.:

BZ J&

Summar\& o)L Bnllomw Zove FYOY’er‘he.S;

A Al zoues /ayc f/e Sawe Va()wc wue /6’61‘/)’064[ space / /raz«. Hhe

MWapp g -fro/erl/?c 3
B, We cen 'Mtg/e¢/ 4// Zonés ,é./f e /;rsf // we. regdm( 7”/6
wergg as a Wu/%///f —Vd/at’él j/uwcﬁﬂ(— o/ %, /)'(4&«'44! Zoere€

schewne ),

— Cs Fach  Zome ('m/o/uf g 27 5'#1745 & ﬁ:r' spl }4
D, Correspodence o - ray dffractine. (
E.  Trawus/atmal 5";;4«1«”3#7 a/pﬁes f B2 The cres Hva Ao of
the BE s /7 busect, ng He wuearest aelghlor % veatirs.
F. Twe weavest —yte(gh'porw\g Zoues  may have oydr/a///w_?
Wé’@y bauds.
o WV D: In 3 D:
E E
- Y . ’J"""l‘_ |, %_ R S
A ; : } | i A
'- ‘ T — ‘ Y -
,' y,,v ‘ ‘ Sy
': = ~ i -
| | | | m :
| — - s ‘ = [ 100
T T o Ta ‘ .
T *meﬁ/!

/ f//f Werél//mf a/ LM/S /5 7u/fd’ Cont w79, This can wicde

electons  spilhmg otr mle  higher basds  befor fhe [fower oues
—~ are W@Id’elg f( ”col
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WANRIER FURCTIONS |

It 15 desired Ao

of cellolav  comdifins 2

Wove  couvesmient  +thaa Block /u-ndﬁmf
Fhe fenoa//c latbee . Sk /‘uncﬁms zre Jtovnd from Ahe

Fovrie r fkwf/orm of the Blech fomelins awd gre  caflod

w.a,"m“nlef‘ /;JWG?ZIIT[{,’
P P [& /Z) _ ; 2 éxﬁ,,& 1 {‘k )
' it =82 T l

i
Sum over Tudek

fond  somee  wave ,/a-ncf/rw; e Terams
eo—uwémmcfe space , These o/’ be

‘;'/14/6'14 ave 2t 7'?;—-”45 0/

Pro pe r‘[’les :

A, du (Re,2) = agw (n- )
To show +this, Jet: a — atR | Re R+ R , Hew

—u k(e FR)
‘ € ‘ Zn /%)JL'F/Z)

An (/Zi‘FZ, ﬂ-/ﬁ) = ﬁ %

! é} e—wti:/[utz) éki'ﬁ Lo /%,/L)

= A (R, ) = dun (A-FRe)

the Faa{' Fhot . /“‘z)ni-iL) = e/(z"c Zn (4,2 )

Fro
m""}"fe; the — Wounier /tmcﬁms ave  guvariaut- A Frus la frus

of the ovigin

LOC&./’ Za tie ﬂ,gfe,-]L),‘ 7o 5‘40;0 f/e /0@&//247%%44 f}’O/?"’?{y VLS
dffice/t. We shell yse am  exawple w whick the u’s
gﬁ %/te 5/064 /quc%/ﬂf are /Wﬁ/e/WK/M% 0‘/ %,

_ 1 x%%
\-yn, (7&,/1_) = T_J:L,l— Adln) €

U(M suzﬂéif{/%b% /I ﬁ‘/,wcf 567[!

: Tk (aAe)
d (2-0) = /ﬂl’l/'; () é e :
“+




= ?/_

Be corse 3 space s a./mos/ cmnl/ noevs | oe Cae /a_cfﬁz S
the S mmmL:M Wy Fh aec M/’eg ra ﬁm& w//d% wi // Le W/y
over +he f/rs T -B& = ,[ , 54y, a _f/m//e cobsd s ﬂuc;zu)e

ge
o] - /, / :
. Jo L. ! For 5/7%//4/3) we f/’o‘c‘eej M/g It e

& wesrsror .

—— ——

s
T

— t k(- Re) 4w Ru (aw = Fx)
82 7 Z [ — ‘;:"'n: S d'éu. e
| * T

A Va.
. 1 o (2 ’IQM) =z T (ra=Ew)
Z A ﬂu | 97 &

=

= L sotTlz (Aw-Ru)
Ao — Ran

where . deviotes a  Curfesiazw (‘deC”YIC"}(?L:

Mo o foe)e [E0 L] 5T () oo e 8) son T leobe)
voRoTe (x-8x) (y4- Ry )(z-R2)

Iu_ 1D:

For Fhe ?&uera/ case o/ f/e oHE
dimensintal  podel, we  oawn  choose
the /ﬂé}zge /;’chor svch  that  one aund
0)4/7 one Wanwvier /&Mc‘_f/m ex) 575
» that dies oAf ex//ue/a/a// or wversely:
Aua= K o= & Kobw, Phys. Rer. (155 & (175%) .

) IZuverse a/ Ud%q//zeﬂ @Mcﬁm{; f/ﬂgi/lﬂf ﬁn/fjd) a5 X
fonclor of g [ = fr}

/%.fffﬁ/;z €7llaflm (¢) éc;:/ eli'& avd  svme g U, (e
get
<2 e pan g A 7k <
“i’—* € dn (- f21) = ‘%’7 44{ b (“k/ft) :ézl_\ e
N St

or | | — (‘fz.,ﬂ.\ = ﬁ %& exil'qt an //z, ﬁi)
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D. Or‘l‘L\agma,(tta o; W anner FuucﬁanS;
Z= 1A= )5 ,f’el)

£ e

5 a‘ﬂt‘ (/(',ZQ) du/ {A“Fﬂ/) d!ﬂ = __i._
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Y
T\
+
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ﬁ.owf" o e 0? Q@ 50}2«\8[‘1(‘4223 5ﬂwwze/rlr/c /quc%/ﬂ{ .o/
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[0 7 doe e (@ 0 idte = [2 e §v A2

\n\esa u,mLegraZ; o’d 'na# VMW:’% _/e cause //L”/r’ /5 O SrEU
CIAM@Q’ wa the W\\legnbuo( whean Sty =g, R ok, FEATR A
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v’ Py
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We wow comsider the behavioor o)  the Aw’s
al (00) = - [ @V (a-1a) SV i) d%
= = xy fla-2alfif (1) d°n

///’m /ef/m_g Xaek g U ->alt /-n/e, /w/égnz/ vansshe <
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- ;n;)i- Re Hed— abeot the =% Plou/\& . Sigae
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7T wo C/tlﬁéﬁ f:)(/ff /"or’ HIW — Van /Jémg ﬂu '3 corre Sfmdfwg

#o Frawvs verse  aud /mj/fz/J/nal fa/df/ zalions
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let ys  Jook at. £ »s, %
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z 2z 2
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P Rrtorbation Method :

Recall:

0 [ 2 (p +ht)T v ] dnltn) = Eilh) the(ha)
Defoine : Exlh) =  Eult) - £E L4,

Z m 7

Q) [ S PO B ] sy tht) = Ex (%) dfnfta)
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n the Schwwéwtger' equation. | 4 = % +9 , Kk o khpi hop
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We noéw a:pp/:y fAc Second Order  fertor égﬁm
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This s called — Fhe F = svm pule , Leads Fo  suverse of

w ¥ omd s very Wq?or'/'aavx’ll'.
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A
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amstant cmnergy sorfaces Leimg  spheres.  Thew

(.15‘,)#0 =0 wi  all  directims, thos Pl =0  aud He

dku
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2z / 7 5 ’ =5
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Je" 2 W
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o
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il bn (k) = Bnla) — HZ%T
2
E.
M Y E (&)
m**” L i LA o
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valeviee, 4o dhe  tonduaction

bad S ave  z07 fuece'.s'.{ar//?
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Ffhew 4k A = )_f/uzJ f::] = ?‘;aﬁf.g: ;'-:T?:foc
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We  can  ac fu¢//g solve  the  Schre edwiger  eg vation
-exa/c+‘~3 —Jcor +his case, 5e/ore, we exapmemed Zrovmd A= o,
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aund jﬂu*/an dn = |ownl® + \(Bn\l = 5 Fher
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dYev kngwn ) ('Wzﬁnu;‘ng’, we  waut +o \%M/( XKn, S, En lh.) -
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Fen +Hh =0 )\-; &z - E
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C,’ v a c/ra//c
+o  Jimear.



— /&1

r‘E
5 g , As we wmove gwa _—
\‘\_f e B P+ (BYE) g/
i SN R=o, we wix o amd s
-~ s / = ._\_
Y -l = 7 (B +E) Q[UVIC tienrs.
%

/},»/‘ Q
P 2 |BoX — -—% P +L (B +E)

This  omodel we have ?a;rL Adrscessed — where e gap 3 Swall,
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f@rﬁr éa/’nm, o the ,u;ua,/ /er/ac//c ayy:/éz//: ve _%ofeaﬁtl/,
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