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Choose the correct answer :

Uncertainty piinciple states that lhe error in
measurement is due-to:

' (a) duai naturp of particles

(b) due to small size of particles

(c) due to iarge size ofparticles

(d) due to error in meastrring instrumurt

The sotrution to the Schrddinger equation for a

particle bound in a onedrnensional, infinitely deep

potential well, indexed by quantum number n.

inCicates that in the middle of the well the probability

density vanishes for:

(a) the ground state (a = l) only

.

(b) states of even n(n:2,4,....)

(c) states of odd n (n = l, 3,....)

(d) all states except the ground state

AS"2I6t

$u,,,

(a)

(b) 0

@) ini

(d) none of the above

(rO Energy eigen values of SHO are:

( t\.
. (a) E, = [r+;)or,where or is the

g,$"

angular

frequency (l)=

O) E" = (2n+080, where -Eo is the ground

state €n€rry, z = qubntum number

(c) The en€rgy levels are evenly or equally spaced

/
^-lpx)

- ihl

f^(iii) I i,L

{;E'
1r,.. withalconstant enerry difference of : hco
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(d) The energy value is always,an odd muitiple of this gas by pumping the n = | -s n- 3 transition,

ha

(v) 6,r- = 0, when :

(vr) The nlmber operator fr - ata is :

(a) Hermitian

(b) Anti-Hermitian

(c) SYmmetric

(d) None of the above

, which eneJry level or ierrels would har"e to be

metastable : '

(a) n=l onlY

O) n=2 onlY

(c) n=l and n=3 only

(d) n=\, n=2 and n=1

(viii) The Russel-Saunders terms for lr :

(a) 'Dr,r,'Dr,,

(b) ,D,,,,,P,,,

1c) only 2Dy2

(d) only 2Dr,

i. {a\ i> j
;

I

,- (b) i< j
I

I

; (c\ i*j
I

i (d) i=7

(vi| The electronic energy levels of atoms of a certain

gas a{e glven by E,= Ernz , where n=1,2,3, ""' (ix) The ibnization energy of hydrogen atom :

Assume that trinsitions are allowed between all

Ievels. If one wanted to construct a LASER from
(a) -13.6 eV
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(b) 13.5 eV

' (c) 0eV

(d) infinite

C) Consider a 4-fold degeneratg state with ortho'

normal eigen functions. u1,tt2,t4,tt4. There is a

perhrbation H' .lt is given that

Ui, = Hir--- g; g > 0 and all the other matrix

elements are zero. Find the spliting :

(a) g,-g,o,o

b) 2 g,8,o, o

(c) g, g, o,0

(d) g, o, o, o
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C/..ofiv.-s'fty

l't.sc' Crr"*.Lsery, M;n", as13

Cfrmr.try Csf=-.;ti'*"' ' -"t")s*L cl*'*\kil

S,ec-*tn^- fi

I tU cr.,) A, (b) (,') lal

Ail @ QtD (ut (vtt't) @)

-.S*cvtA" - g

Z . 2-AJ** 4*v"l"rr; ,tt^ "^kL "r"*srt,tt Gu*L" luaewg"

of.r.hns ;..- J4l,+'"A- a 3n = i* i J, i i= A- i e -

t.) sfu, fit^t' ?= i-i- t t-tL, "^^-(-
j-= fi#r+ trtf'

G; sk:., 4/ab ei- = & Cf. t r)

@---t)

-/\ .-\

"r, 3-,= j*3- + i:-kA
3-A = (i-* iff,)(fl* iiv)

= $:r t; + r. [ ff-,iYJ
_\"v^ ,Av , 4

= 'i-- J; -ftJ=
4v+++\r'+i'' J-Jt* J* *%rJt

cAS-21 6l

&u) @)

(x) @t

Q) G-l

8t G)

Ci: (3*+i,1r(A-,,r,)
,^i, *- "-** 'A*: Ci" + Jy" t LJy tI-*LEJ'-J1

= J -J;*i(iR-Jz)
| *. -!tz- * ?

- 'J -Jt*h"lz

= S.CS"tiSrJ = AA t ,3r3,,

(.1 il*i-i.S+.i.G t i(SS,- SrSr) t t,frir
[A,i;1 + f-ir t i tL,ir1 r i fy i.

S,\r;trr-h0

6r)

Je rJtti,



= rh SY t 3^,i t; tlf i*) t ;trrt,
= (tkty ttiD t 6*i. ti3, f')

= +t,(3,t ttv) t (ff't i t'D iz

= #-A+3r3. = irf=*h)

@

S. +L u*\c,.rp,*k4 t''"d^.ct Aryf. LL +e- ?*'e
sta,#e- t{ +(*- UJ*"A"* Jt"n,.

W J^-.lo''*t u\V'h, +t'-- T-"}J!-s/<+e- asaue- fuA^-ej)"\-

Y,'0) =#d
l^ftu 4'P =ft,$ -$1- 6v'{ 4?'={(P;;a$

1T*) = iUG a"f +nn-dr = +iawrr&r= + -# = s
O6

'Z/.L ^r^A,.J-2ru>t^w-J'o"-'' 4*M b Jd'ftL b;

fn =-ih+&"
.i 1,> = i#i{-;k"+flkr\#€"#nrJq'

o

K" q.

<'r> = Jr@.)"qnrnLr =4.[ c"r'&r =(x#= Z
a6

= -+ i*ig * Cazr€')'fJ' = -'" (#
o

L \ fr
,/ ?.-,

=\G2
,f3
z-.

*c)
11 4fo

-#)=o
N

<+r> * i #{[ rr*#"1 #€''nr&"

a^J- af* =

o

t '1,-

=rL
{-o -tr



4. eeJ,^A+e- +I,*.ry|e^f"*{-4.ry v6h^e tf p*l*r e*f-@
e\$rfy c^^J- t<;^"+L ewvr; frt (f\4- Vrd- s*rJ<- 6& t&*

kg_.-

*f dflese- #aro

(

ile- krywta i =\,.H(frf in)

F= +tlry (^-e+)

<;+ = *r<,.-/ <atfrsfrd, lD
*b* 4nl cet' 16+$rn€6tt ettlry

* eTna) \ '

= &= (c tat u\+t) +9 =fu(aw+ r)
2^rrvn

fuY A**^^L shk'

1{ =fu c'"4-

<P. E) = 1v) = *:rw4l<'?; = 4*tu,l

,k, 7"'*L sl*{<-

= -tt-w7
4r, f"A-*ht<-

sc,^rt'*b 
<t-> = ry c*w+ t)

J{aw-c* <k,E> = <P"6) =**8n*&shl<-*^-'}ry
'TAs-5^jef6-74-v^t/^RA4fd*-4e1-c-Lk'r)*-{'.lc-

e*.*:rye+ f" dia- ['a,,*o'rc o" M,%W
&\^-- t>,-s{*^cp* -{ {f/*- vi'N- {t'zaYuv\) cLrAL/

f* c-pd{e*t}l-t "ru *f"rytr
VCq = @'vl-' x X- t

bi Z<k,6.> = TL<PO> .'



5- fr.r rnn- &egnnntrrul<-

Jenir. ,rL o--x{'oe-s

le'p! * dry F"f.*b.{u^
+A-* frk+ **^ csrrecJtbr+ d-a #o-

6ra 
^e- 

+rL^^ch*t^ ,

k9- fr.*sa/s"r- +fu-* u^f."Wbee S.[-*;J-V.rt e?]o"l'[^- t>

7rrel,'- b; ilo,,,(") * ,[- 
(') V)U) k{r^--h"v,J * [;'Yi', a

(o) = cLr(^^/p- $,u, crtrw af bud'*vond'g*""*r*'
" - , ,u $r, J ri.o)

V'-, - 0-rtalP-+Lt,ry\CrL4r\ 6-f trvY/-<./L{ -'tw 
k "1 cnVL .-^"^q; E:)

udr

,{8i* V^-i^ .tf,- {"nt *A;ea- c,stNv<-#"*"Ak ct*oL tt *W"kL
Sc.ArD dl9rl-*il^' t'> V*e*- bY

fiv^.= 7fr't?fi)vn = ,5.-v(, t lyL. \,-

S-cl^ cs.- dfn- $e^h-.,ykdr* rkt*-"r;L4r"'^W- fr ,io 
q*f**"i'["- 4

n(y*-"*,"1"i;; L"4-- fr*-owJ-dl 6*W @s"A-a^ 2, tlcr'

@

Z = J*+-el^'s cr"*1"1'*"les

e; *tuflryk"- @clv-'car*

<lt*- c*e--ffi2a>,*l-s n$ n,

fi"U,!, = EP Vr:') ----) u*#e"'&^*L*;'-Scl'ad*v+--e/,',. '

fr'v,P+ fr"#'t* E{''v,,Jq,+ E:EY'')

ft" v,t' + fi' vl's = rf) Y,i't E:') Y,J') t Ef Y:")



FfiJ?\,\- eD^'@

fi' yl, * d-' v,! = * Y:" * fi ' v{q

n*tdf| b.-&(--s,,Ar- W ylf ^*& t;lny"*<-GwL-olL 'k*-
#.iJ lft"l u:'2 -E 

)<y",f 
ly12 = el'(u,?lu,{) *<vi"l fi'l u'!2

oYt

B,

"ehg o

a.,b

V"-x

( E; - H2 <v^,5' I v'l') - al'' E^^- <W I ff ' t v''!) 
--@f'

Trf W, C*r'= O .84)

(E#'-E)<Yf'lY;") = -1u,i'l fr'l Y:>

$"LD e$".A- Y''' rr,. #err^* dl {1- **t**,:d*'*'^L
s* d ,,,^!""4;L"Le-b4^^f";Ab"^ --' n{ {4*fi""'^;u";^^'

4*"1r, fr"', Y0)=ZMy,s'
e/*r:u 

Gr,*= lvrr!'I vrJ') cae'$ft**"l-

.5o f"..,r".-@
[ro) *
1.o^ -E:) c-w <v{'1fi'lv:">

6Y) a?'"-= <Ytli'W
Ly_ * /_ry\

nfr- Cr"l^z- -i A*^ '; 6)'
w(q - 5_ <.tf lfi lv:) ut4)l)^- Z W 7r".

fnt'w /1-i\ H"\

) =l .L eilw @ 6,-{- ,*U vl-fs- frVsJ--"oJn- ctatrZ/;ruJ*y\-; 
+^ t'*^14*b";- cuo,ve--f^*"t"b^ cqr^! 6"e-

c,stfrk^-



6, G[,.."10-l-e- ff"- n+si€'le- "v*^T] t{ W-^r^- al,r^- q *^ry G

-k\*k,^1#- -ea,*l- f*^vf*^. b""4*; d1*ar1, GrrJ?€","?*'+t- *1*J"t"A
e\NE,Y,\e aizu 4<s- exf*-"^r-Ll- v^t"*Li

W (X+,\,,'Zt1

iz. ("N^k@"^)

frT: f^fu*fartLle- l*iJa^^.e-s [,^* kJi,"*, -od"r'

.14oa";k hh^^ t", /*ekr^*-- ^Ar^- 
A g"-*-- g

-e t- &'l8l''k"=Jr"nit*c h tt=ffi -*-ffiI6^,
V'r-- Xlr*Lr,,z"rw egw,. tnwAe-s S"X r^4 tfr,"^-

d L n t t j Ar J . t r r t ,a

dtG-Ve- Y=YA'&r5,,\CI',+)

Vo= #r#fi++# r-*Gdefu+,5*u #-
Tr= ftn*x.f+ Ur*U'ff (z'-zi)L e:,/"zs*' 6&t rL

t€.,L sT"steh L &L

exerF "nb 74rrc<5

[reIr*y^- R+r?^- Lu.-

o\r'- -ea.c L* a*Le-v .

*{,e-L--dk*
7ZL- LL'v#erJ,Y'L<{

+err^a 4 tll-r,'.^L @J'&ale-s (7,,&, #,,L.,u$,
nBeca*u;""- -# 4; 'te:,rru t'r^- A ) 44a- s*k";'l*r58/L 'Q*Zh ' cc'/v\ -rwi* A<-*

*ae$.etv^LLp-

U,,*er\k^rrLeA* i"rf tf dt-- J46c"Jfrnh'"

fi'--kvu*#t-H"-f
- fi:+fr:

{?e:r}"*"L<},* f*Y *{ {Ar- lha'"^fda}"','}*-

,//eve*
*+tfD -e

fi'
tV'

-g

, l2-_

frca',;U"ywlrlv\ @ ib'+t*- e-^-Yv-- 4 rttt- M f-,'it*t:";,'A!#a,,AbA-F^"UAs; 
W d.p* cnn\- #b R*vv--d<-- sefr*r&t'.'-



'uLr,,&,4,,T,gr,4r) = fi (v,)&)4) r-(r.,g-,+) -yA*
+f.r- ur#.,r+*"L-)- *-*fb

*-ft4 *
- , E:? n n (+) cz2 ' 1z''eo{) ev

= * lox't3 eV (t*WL"Lu*n49)

E@r;r**X f,u*L
,4ev'ct--,r-Se"l-tLnL *^*ttfy A A e'-ov 4'* 3g /"

/v6Lr f*t -yJr^- f"t1e^-b"fi?)\^ 
cow<-rl-,$'"- t- *'*n%

Er,,_{yolfr,ly,>
5^,,.,w^A-s'Jal=e c-ranN-#^"]"b^ "f {d}"7u^ Ck<- sya4<*''-

?t-

Y:?" =#(*) -? = .+* Gft zry'a- 
h Gl-;z 

ry'a-e '"* - ls(t) 1s(9

v:'=#@)'TzY^
-SCI {Ydrr-'e,^, @,, zev-o*arJu-- k6"va-fi'""-t}il'^ 4 H'(@kg

- , f'')= <YP li'lY.?>
zg f I f [ [ [ razr'/a- -a'ry/^ L r,k"ior tsntL,&,-

= 7F ) ,) ") ) ) )< x ,r-v,J,Ld@,ds-eq, e4,-

cn Z=L f* ['*$^^, --



OT, r.fi) */fu 52 I e"\ eZ / e"\T16) = T'"a"*)
= * (ts,6) = 3l ,d ev

1

^ I EArVE "J+*'- flv'[ onlnu' <svre'c-dubvr
u 

= €b)+ E(') "= * lo8'|s-e-v + 39 'al '/
= - 14'gz* s {tncL h tr'r e-rraY C; s'sx '

Rp_ k^^nC 
EO) /\/ _4.2? uV

EG) .Y + o 'lL e-V

- : UP+, ,tA;rL or"lp,*-c,esvr<.sAba , fu T*r*Lsk[o- eutnAff

.€ = G toy. f3 + 3i, o-t *+, L? + c,tq"e-V

,bb,f"iri')4s'?1 .ev (4R"*d'2^L

+1 o-t eN Ce{{)

1 b*1-i^E- C*rlr -5'1^de, r^bs. Br 8e- a-[vv,-, ^*'fl? #^ '//*-

a\*1^r*^- ar"r- J"k *k"*+L (u6d7q* fr^"lu^ c^r*J*t*-- 'g*'du"i'"e''

Lr^_ atrmr-^.L- ur;i. D& u,va Atu T uar^- ""k-J"L- 
(rr'-'v"c""'L "4'l<*

e^e^W I tse-&ar^-clfun"n^x I t*"t *;d -*"1;'Y-Llk'*k'

k&- ,<53,.t'ut- llou-*<yC trtr,) =1\y'nl ? i; tY.> alv*f il#rt Y)
6f$re- "ffe*-f*Wl- levr,^..- ry'es<,*y, t-ek'l*'- r;fqqvalx GA"L

ll.L- s-ecav'A* #,€Y?r". Z-e)ec#lr^ ul-eq""J.x

3+ S; ans-+tL-#L^-srbr:{a/a, A 1{a-rlul-*n-M
Vq-6/,A**t ff;r:-a-1n A, +cq,,- 4&A--",rles klz'e- f&.- fi{bu''y A*

6.

YnMY,
d;#o. d"--

"rb ,$*'--*ut"l'
Oru- $,1^-- G&,;lrJA

(4i* +i)

A

{\t "l{tt:lu)
247fr"l +

<;1fi"l />

1Y*t*ttY>
t.
4

3. kr1, s-j'*',o'ttl*b

4,*4t
A 'TnAr€- tfo*,- J6''',

#*-9!9-

; kii I #l /i) * <,b'l *l d'21
i*t t

<;d I #l i'j) - 1':a I #l i' i)

L

O



\U-t-

J4*w"[!d"y^a'.. fr = 6f * k*'fi;*k)
a,{,,rn- ili =-+w--+

fr":=-*v;-*-
At"e) Xwr^t^rt* sk$<- emnsr)

E- 1vtfilv>
= 1ts tfri , ,',;+( rs tfryt*) + {zs lfr;/') +(i3 tfr;li-t

+1rsBl#/ rrrD * (zs'8J#1eses) +(tszsf Strses)

* (.rs{3 t +;trszs) + (rs ts t #l tr { )'r qis:s/ +Llrs t9

= A6; +Zei' + Jr,, I J"'ns * QJ'"'-Q-'ktszs

k&rr!- +AR--#e'r'^<; (Pr"- b<- sM4rftd\- fuk-

<tstfri1r) = (r'l #7 t $ {* l*) = <ts li:t '*
<lt tfr:/,+ = (rslfr;lrs) (PlP) = lrsl'ft;t')

(rsc, ) Eczl I +,f rsCrl S c,)
- (tsc,2 lslzs I .+; f rsctl tsC.> {nrr) l*o) (pcz2/ frc4)

+fi*{*tff+ff+fi+ff
(l4yrk"ae^^kkL)

,&

u{"}t - <ilfr"t i) fr" +r6,7 &r1 @
= j+ic,;

<,il+;l') = j+i,,; *f ca#flnc,)f,osJr,dru

{", Ee_

zscts *crs l
zS Cz) .= Cr) 

Ies(s) 2-s G) I
zs (i) 23 (, I

I lts(t) llu)
@ | tsc's t3G)

I rscs) B O)
Itsc',s B(e)

S-dMrb^,lno

= {rs tsl +;l rsr)
ltscrl {3cz2l*t Etry esc>)

= {rscr1 ,55r21$;l /s(t) asc;) {4,lfc,)lpcaln(D

=O
S^-+tts ^t6)4 

ot<- R^,'e- {*
A"-l- <r1e-- }-ru"ttq ,

*ryWy 6*A- fr*& iw4*"n<- <-a



8. D.tsc.^ss t ru or\& <ol\'\- nf*-d64rrL -k-{*r-..L -*ryh #
W,,o^- fl Ka*lga,*s tno(LJ-'

W- vtu- *""*: e-yr*{r!^^- r) Zd'e*- bJ

Z c*;,(r;u - €i sr^) = o
8-l

Frx 6wd*-S'nx tid'-g-*b *<- ['a'*<- 4' e'"t*-]€- ' 1e* #A-

'nwmokseA- ba-e.Y l'o-'c-fi.b^ 6'\a- V'b"*- 4
sA *5,7 .,'Lt= z'Yt'*g-' Y"

x,= 2_i:-cr,o Y,

-?uka\-et- S, o*d T- ru +fu- oo}'t*L e<ia*-/)"

7<a* av"^l*f w#eflr L* Srx a^e* 741'-"'- L;

*S11 = 1X, lX,> * |
.Sez = <Nrlx) = I

s/-,- 3/,- f *( Ft +T-)r.rd,
str- *Se/ - <7" I Z> * ! 5, 7. J e -

o
4/- ir;

&st 3;-
t 7, + 3.)"

* r. 
(-

Frf, th Vl"Ve, -- ld'4 .>4

u::* i; f'Ir t'v [?(tat+o 
*ot^tr"L **i'n,

I rg _ t rT8 . 
;, i=, S.=i

J*.& ^r\
,,@L b 6^J_ (yzltD"
rlyx , l# 

^/a- E

HT. <z4 ft'*-|7)

nff= uffu:1Xtlfr*""/ '.+
tie- f.',^r€- 4b sd(ye.- a<^e,,e- .t'drres* ,'*l-'f'r*k t*Y f-/e- /sl- le'rr^-- of,



trr^U n4 +f- ded*^-ref*L.>tlw ,^.h<y^l,s ('r^l+w) NY'7/*L +' @

o*o*4ter frt "r-e^1*'bn*,;s -fw*"ril\"A.,, M ca/v\ */b,n +f^'j*

UnlW =,G'','lt-*) = (rzlwt) = (zrlu*) = (*c.lrz) = (utf rz)"6t'-lzr)'1i*/a7

7/a- etefiro^_4^Jg;^.- &l%* a/\e--.evaL^ulr.l'- uJ ,*4 <<'-

/tn r'! ,*q,+,r* yke,,4)
zi+T -f L

qrzl{w) Lke-, Ct r 1rr), (ezlzz), (trlzZ), ,,,1,'J, (t/liL),(talzz) '}t '

T-o skn]- 4t"- MrbLYv*d' 6v\^*uv"r"-tdl- ?*?

+r, 4R.p- trTt',& *WA '+o 
*f-"*'*"' cae-ff'wA'4-s C8" o^\

, - : fr :* *y' .^JL,^,M .f t**,@
,rnn*nx -e.*:ne,'-,s ?t^-; A fuY i=''' tL i7".t*t- /''hlL'^*-

4, = et,Xa + c*l rur* " a.f,*_ y
fry"€*^L c,eed'k^V*k, +Ao-vw1v"ek4"k'b"'- 

@"'J;*'$"t $

#'' .*r'*'Yo fr.,'1.,'- @) ,nfi'L* b = z Rr,e-''Z.'*'- ry

G * tff'+rl?,,6trltt) rP'-(tr lr') f P"f('tlzz)-Ir''l'\
Frt = H; + z: t-rt v" ' / 

(flr= P.1 ftt ,"rLf'^'t@

F,.= F,,t = UT+ {n,(tzt tt) + n'[* (rzlrl -{(kl"'il t*F'LCtzl2z)

Fzz = UT+ ?,, [crz,D -*. ca t rzfl r 
^-czz 

I rz) + * P"ezl zz)

50 suLs,rfu,otY +*,-,Lfrrl- y* .f,' ?7*, G,*A* ff,* 'wJ^^$ 
d-

y$**- 31 6 Lv\t<TrLl*'& ^-i *l- 
r^-';^- el#*"k^ "/

4L!- F-o't

TIL-c,i*foXL *x{.l*t}e' t{ (f**seol"x"A*" 
@

a-Ils-\-r-))
r,"- - fr fr:-,

tb G-

6,"L Srx"ytrtrm'"^- u/"'"^"'f F'a

N1e- cvuattr*- Sai^+,.b'^---'f ftr'a* +6'8 ezw's) Adles



+ato \/*l^er, "# 6T" t.taL g\arry. €t. 5^,6svfful',,Dra -{ t'/*- 
^P.T,6dt q d.+b 41.a- R6ot(aa/v\ .2,*O 6{A{* T, =L Zev4

Qr (F, - €, Su) t C.t ( F,,* €, S,) = o
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