
5'-!. (a) fh€ first order corrcctioE is via (5.1.3?) j$st <Olbxl@ = O. th. se.ood

order cor: rect ioo for  tbe €!er8t  is  (c. f .  (5.1,42) ad (5. f .43))

^o=  - "  l ' o l t * l o l2  -  - * z ' l ' " 1 * l o ' 12..-- t  - -T-:E- = -o i -E-:E- ,

r.h.re E! - (r+U/r,.. uo- <alrlo - tfilFld*, sa ^E = -bz (6-/ b,')2/ <1-.o) =

-+2 tUu2 ;" the erergy shur, ald tbe coelgy of the g.ou.od state b.coes E(o)

td.r + AE = t*u - t2/uo2.

(b) Tbe scbrgdingei equatioL for thi-s plobleo is

€ $fr *1,''2 - 151.o21211, = s(o'1

tbat is

-I-  d'r ,  .  2 -2 ._(o) -2!un21q.
E E ; 2 . I r r r  r -  v  =  ( r  r  o

Tbis is agaia a sEo equatior vltb E' = t(o) * u2l2"r2. for losest eaerSy v3fue

E' = *., u"oc" g(") = ,11, - tz/uuz shi,cb i.s e,.acaty rhe s€se as lbe perturba-

tion resulr jn (a).

\ ,2.  l rdr  (5.L.44) e i th k + E ald I  +9,  ee bave

lr, = 1r("),* " J, ffi; + .........

osrn8 olcbooo-arr.., o, 1"(o)tt.o ,]"'' .* ,"".

Lrlr("$' =' -,2"5.1fE|1-a r ore3r

-t2 t2n t ,-H 
H: - (b,z'z + br)t = E(o)..

Let r' = $b/uoz, thal abqve equatiso ca! be reahceal to

l voL,  lL  , l
., +-

I \ < t t t  n u  =

[ . q1  ;11  anL r i . , , . i , ' ;  i . ; i ' : i '

E""t -\t l +,4wr+td,l ir ,t,i (u ,,,,, h?'.:t"-,1,4f
p",tl t'Aet h., aa h*..t ,, ^tit t-"1 aQ J. -", ba'



t 3. Sotwtrt lbc Schr8d\pr .qlrslloa fo! tb€ rsFlEulbca .:/taa.' E c.a ..!!lt flld

tb€ co.rt c1g.dfroccLo!.. ltrt rrc tc ' {frtt|t, .tfltn .tstlL '}t+"+

fo. tta'd .Gr!c. .od nS' - itt+r.o+ "t fS) ' hJf .!"q fo! rb. ft!'t

c*cl,Gcd rtrte. So cbvtosslt tle tclolb orae! aI8.tt@calos fo- tlc egl rtrte

'.3 J|Lrc lc - 
ira+&ry ' vl'l! thc ftrst csde! c*rst ehtlt of <lllrtlr' -

f f lt ^o.-'-. tL e\7!L,r*lv ' $L2' 1-.. AB(o) - rlt2l4' tot tbc !LtG

-.trait ttalc, thctc t.a d.8.6.t ct ald tba F-t|rrtacto L t.!ct:l llfls th€ de-

Sereract. ge !r.d so cd!E!!ct tb2 FrE lbst&a lacrlr bt aY-alsatl!8

.r$)tt t+$)' - 
S fd 't"to2,r'lr- *a2z,1lr. ard' ' tu2

*$) lvrlr$)' - $ ff '"t.+'"+&+&+9d' - $'.'?d
rbalc !r 

"scrrr 
.r$)l"rlf' - <$)l"rlr$L '"a +jf 1".1rj])' ' +$)

lvrl+jlL. so tb. FrarD.Gl@ r.trrr I'

Dt{(Erurbs A tttb &t(!-r'l)' o 8a

'..Gil
$ _ ^ r r l  - c t ^ l _ o

6.r. .2 * 12 - r (rofr:rtra)' G tQa . - t!8. t' gfE d

..2 lt1.<5tgL o '^.-*i[;-;,,J.
aaoc. clas6r dlfra tor tlc !185c ctcl.lcd atat. etrc

. -*(:i,.,":.1

(r4.+5/gr)*2 : o.28r!2 -a <"-r54e1)[2 ; o-z2tLz, c- ; 1 
']Sg

t .  r . 4  )  t f -  
S t l l a

uftb collr tootltug aaaott o!&r .oast GLSlaif@ccld3

), frr.u}tf **JF"r"{r '"a }2 fr"r"'}r''f - 'r"f.rozr'

rcsPccrl'cr', sr ;L i ffl' 1 4e:" ] .



-<.6. (a) St !c vector fo! claltt ctg.o_rtatc 1r chalrcEalt:ad b, l"_,!r, ald sarc fu!e_

llos {s 81ve! bv t-(r)V. (y) ebelc t- G) &d t- b) uc trdt'tdn Llt eyc fiat-" x : r t
lj'oDs toa olc dt!.rsLoD.l SEO. &. .I,ati' fot tha ti;Rrqptc EEo d.---tolal os_

c1llator 1! Jqst tbc qE of the coara|s for oar dLEsl'@.I or.{rr,!o!a, 1...

* I'd(!r + ! + D, + t). tb€ lbtce lqrlst-1tdl8 .trt.3 .tG Gr.i) - (0,0),

(1,0)' (0,1) eirh €r.lttcs tr, 'tf^, 
4|j, sc.D.ct1vilt. Evtdcort, lbe ftrst cr-

cllcd st Cc. atc !99!li dcScacraec.

(b) fte ftrst orac! rlcrEr 6b:!fr t.6 cleally rlto fo! tbc trouod Et re (O,O).

6tacc <o,ol-tlo,@ - o'becad.c ,.o <olrl0, (.!d <oltl6) ar(t rrsr -rr-te b, ola

uql't. t.or th€ flrsr e.c,'tcd rtrtcs Ee Bsa tlE fotelts of ilc*rlcretc Ft-ElEb._

tl.otr ct.ort bt dtaaolelirj.o8 V - 6r2xt. fa lLr (l,O) .nd (O.f) b.sts

a - B-2lo rao') . *"r8 i)
\'ortro o ,/

.dd h.!cc b.hiv.s f&a oi. !:z sc Erhod.a gsou..r 3 aldCr ra t ! ,af.atr at-

d.r .ocr6r.ia.*.r' !r< lro"*lor'l .a.t aG) - 16& !d f<lro-lor,l rrrh !(1)
- - !61 . So to rr-.rt . a trrc ttn{ld racc lO,O vtth .a.E6f E . I! (!o

flrsa osd.r .6ffr) ed frrst acl'r.d ...... |5t1rc*1ofr) rrtt! E : (2+€/2)& .!d

|<lr.-lor'l silh E. (2-r./2)L.

G) xo. E 2(!2+11 
12 + eu24 - 

* <t*l <t tltl2 + o-i) (r-r)2/21. r.€t ns !or:-

tr cooriFrrarrs by 45o, tUaa t = <*i tJE , | = <tarl/Z- b

" 
- 

{tx + 1f7a + r1,21r+e >r*tz t.t 2o-ar/n

ad ts .ffcctlv€lt .gai! a aa .r.-.!o!.1 S8O et6 - ecplrc.d f'J| rEo fl tle

(I,Y) stst€!. Tbc crecr ctcrSy for thc Srouad setc ts lr{'4*' + !l&'6= '

lr. + 0(62)- lbcre 1s thcteforc oo ch&8e 1t cocrS)t u ooly tcr'os I'i_oe3r lD 5

.!e Lcpr- tbe cac! csclty for (rx,ny) ' (1'o) ls !r/G'(1+10 + f(.,.l= rr '

Vr.<z+Alz) + o1621; st'tl:tly-for (ar,!y) - (o'I)' bt l"Gtl!8 6 - -6' se hsvr

cract €rergy t'!(2-612) + 0(6'). lSooEinS 0(6') coattlbullons' thc rcsnlts 1Ec

tb. s5e .s ,.! (b) -

s..{ tte Ba.al.lroar:! fo! tbc stscc! 1s B = tro + l5eo,u2t2 'ef,to * l(l+.)*'2t2' tttot'

vro . . t lv lo'-  +l 'z*. | tzlo' .  . t1x21ot- so osr tasl t- t  to .valuat '  <klx2lo>

o. 'fo. sro". froo (2-3.24) t - 8i6@ * 
"t1 "l'ttt 

a aod ar satlsfy alu> '

c-f a-1> :nd .ilo' - 
".1*r', 

!hc! rlo' ' $ffr'<alo'+ :tlo'1 - zfl6lr' .,t'rre

*2fo' - 1475r:,a + etllr> . .rlo, + erlz' - so v"o ' 'rl '2lo' = 16ko + c26L2'

aEd ooly Voo aqd Vro arc rel'ct:Et to osr dlsclrsstoa' ElxP! lclt 
"taluslloo 

6! cI

ad c2 (rc!.rbcrila tLt (.t/€) lrt ' 12> froD (2'3'2r))' se lave cl = {'/2&)'

cr - g:'212so- 1!ns voo - 1".,.2.o1*2lot - 
1-nz lz **'-t 

- gl{n,/4' 'od v.. -

= !.*,2.21,210' - ez@2 t2 =*+ - et,ot2rz- At( otln


