Section A Solutions 4o Semester 1 exam
PHYS 6003, 2614 /2015
(Bdol(wark)

A1> &IV + A, W><sz>+&3ﬂﬂlr>+al,‘/z,f U>
\)
Qlay + LglpHwlat + Lrl NS 2l +Lu) T4
@m.pf( @mnk @ MAr K @ mar ¢
y ) I?dakwarl( To a2 ks

MM%}PQ bc"“} Sides £ fom ]ef’\’: Aﬂ (J} where
J talkes a /’ﬂf"ﬁ;CM(d\F Vs Me £rar) 1 45 b @MNK

= <J)“> ZML<)’L> Zu& TS
@del‘k (=1 @mxrl( @Mﬂ(’({ @MWK

ohd Swap  j gor (S0 = <dud

Mark
ony U - Z<am>u> 2h>~<du> Lm«):@

~1L

@ MoK @mrk @ ark

ThiS s drue for any Ket 'fM>
N
anA so TS 1]

Y
D rw K
Total [8) mais



A 3> (BM‘(MPI()
Consider £he gollowing equation for the  orthgma

Sk 6g Veckors [ (>

n
2 Al O=10> L wrk

Muwkiply gor7 Leglohand s/ he by LGl gor a particular
Value o J

=> ‘Z'a-( ) 'L>: ) @r\wk
=1

Since Lj1>=0 sor #j @WPK
and GO F0 gor (5 L@ Mar K

This <an e Jdone gor all chaces OF | 4Tor
14 n @r\wk oand s, 0520 for all )

(~2

Bk
ok s6 {IO} ore ﬁmwﬁ/y mMoenAe/rf Veoetors
MoK

Tt [ﬁ APk §



AL‘) R%M:'fe 'ﬁhaﬁt Ahe deufe,fu\l/)(‘g‘dr) Yo
ff!hg|£‘Ud‘q€A Sor A& ji'Uen Value Gf{}b @m”k

oS oMp. o bz
S,

=D ™ can only take integer values

@ mark

Totah [3) marks

BMKWOFO
AS) A classical b;%: Loles a Value of either

© or 1 MM‘KF A gubit 15 elher
o), Ii>, or o swuperposition J\[o?@c;li);

@WK W'( @Mar/(

where (0> and 1L gorm an océhamamd basis
Mark

An tomple 0f & gubit is  a skuke veckor of
ghanrtum mechoncak spin .rwm/‘/( af A spin' packd
( or pelarysation states
s &/’Am&n

Totald 3 mark s
Totad (DHEAM+ED
]
= J24 Y mecks

A0 5eCHon

A






Sech on 3

B)_,
) EH NE [’F;w(c\“"a+/ a] %w([ a’)»r[a’& a])

Bajech 60
Wﬂ""‘“’% + :
e Ay aa~aa+a>)=1‘7w[a’t4]a= Pwa (13

[8 of] :[bw(a”‘a’*Z), at) = Tow([’{,a’ﬂﬂ- dda, d@ @

O
= pw (atadt- A”&’MQ 2 hwaolla,af] Bwal {7}
Toth (& vark s
for &)
b) A CDYR Hah)p> = (drHﬁkﬁwdfahb
o ,\ < ot bt 15> O
'.Qa'a‘iwﬁ"’ N ow &THI”?>;‘ 0\+(Enlﬂ>) Er) 0\+Ir)>

56 Q(ffrlrb) = En &TIp> +Buwdt{nd :@m’ﬁ@aﬁrb

so atn> /s an egenveckor og
A wrth eigenvalue (En’ﬁﬁa_%j

Q(M@)* @a&)l@ > (aH-Bwa)(py = al[n> Hwaln

A @
Now  aH]nd = alEnlny? £y (alrd)

anL S0 Q(a[rb)a-Enaln>~7swalh>"(-"n‘ﬁ@@ln>)



=2 alny IS &h Cigenveckor of FJ with egenvaiu¢

(ﬁn—%@ O Total [l rmcks sor &)
C> wprite fg~ ~C /m??bU (OL 0\"_) ’MAPK

("_ N@ ’%Q:- m’hw( o5+ oK +a’fa~0k+a>®m(<

- 1, ) (Do

Ry _1_@ ( oZr oo+ dla ﬂa’D % oark
2Mw sutlnid (2)

MAPK'S

Now <P>2anf>lf)>‘° ‘C‘ﬁ_—gw(nlaﬂaﬂn> 'mrk
= "(‘/7"’_%_'1’6/?)<n|n A~ Jf;_i(nlmD

i P

0 0 Wik
by oréhonnuliy

@\/

Now {p*D =4l pnd = Bl o la*+ adt+ dta-atat (0>
2

= MPWLn |- o®r 2 gdard~atad (5> @
2 [
()
. @G(nfmln>+2<hla+a|h>
> N adnln> ~dnldtatin>
az



Tems (1) and QV) vanisp by ordbonormality @mnk

=) Lp>- @%W(i&Zn&n]nB) @Mmri(
ik S5 = Mﬁw(‘4+n> wm((

s ubtard (3
4x>1<h|9"c]n>:‘/§—;;)<hf&*&+fh> @WPK

. (ﬁ, {n| >4 Jrd <n1m1>)

6 XY ooty [k

LD 2 | D 2 Bodnlab+aats a*d”‘d'r&’””>
2

ML Mol

gives same resuld as Lp*> Snce only
Mggerences are e signs og a*and
oo, and £pese tems vanish by

orthonervalidy MARK ) s
Ap= ﬁPz>,_ <;>2 - \/T_"’_Z‘Y_ﬁ(l””‘l)

- [ | . [B_(2n+1
B et BT

=> /_gben’g-(Qle) @ mark

Hey'sendery’s wncer@ .ty eladyon 1S aluways 5@61’%-@(
because n26 . for N=6 one bas Dochp=15 G
Sabtgbad /1 2 Wl




Totak (£ works gor <)

A) <n 3t my= B Lnlat adtsata + abat|md
@,5@ 2M

NoW (5 nam-2 4hen A" 4emm surviles since
<nlaaln+2>w(nln> wh/le g€ber tems vanish

by orthonormaliy  => Lnlxtm> £0 sor n=m-2

I
rMar

fflf nemt2 4Lben &tat term survives while others
van{sh =) (r)]sscilm>756 gor N=m+2

@mwk

Tg N2 we have Lnloctlm> 20 becuse
a’*‘ o\nA aa tems SUArVYe (ffe/ar‘é )

@mr\k’

For all otber chaices o8 0 apA ™ one bas
Lnlctm>=0 becanse po temms oxthe sormy
h|nD Larvive [ mark -
@ ool [0} buarks

Tobk sor BA = LEWENTTNE 2/2.6)

bk §



BZ)@MKM!P‘( .
To £/nsd Lhe matrix fepresentation ag ). we

need 4o compute Lhe egfect ag L. op 4he
basis vectsrs |13, |y, |40 E) wack

z."f|17;‘/2(11+£_)11>&=gL_ug-ejJ;v_loz [Drock
2

e 16, = g_(gﬁzg@g%(,%.,.g&) [y vk
2

y

Ll D, L (LM%, " 5L, By D

2

Now makrix representakon 'S 4iven by

(o) > LUILLD ok
wth &y 2101

@mr’!(

W$ing obthenoivality e - {4 1021, Lo(D)=0
e

<
Ohe has " o 14 4
Lirf—(i o 1 @Mark
2\o 41 o
Total (73 vack's sor
A

b) OYuin characteris e pelynomial srom Ae‘t(L}.)\]:):o
Cm B where A are epenvalue s o

on f;ﬂz‘; Mark
+-paytear)



ek ¢ h

JZ
Ak [ S 21 Nor-clnyron o
D NAAHMAC = o
= A(2ctX) =0
se A*0 or )\"":‘L‘/éc @mrk
+5  Shece ¢h
6]
Lot column veckor f’fffef"-’”éhj U‘>x be Z AT

-
where o%+b+c?=21 s norralfsadyan® Condirban

@ Map K

Therecs’
cregore 1 0 1)() 7!"7( ) wark
A 0

S6 b2 J2a | a A
A+ 22 b @”"‘”k AnA 30 24 @
be2/JC < A/ ek

vormalis akon <ondibon gives a%g e :
so a=Y, (y»a@;:ha{ﬁ) and D)7 4 (»/3_)

MoK



For e:fgenvecéar‘ |0>,. one bas

o 1 0] /A O
‘fz[“i )=o) [k
\FLOQD C (o)

s6 b=po W*A A+ =20 @rwl{ and hence

a A
b |/ 0 Y e I
</ \-a

no!‘mah’ﬁaﬂb’ab 55!/65 a"+0"+ a":i
A 7
a5 a——’%_‘fl @mrefkafe)

andh oD = ‘Jf___ ( g-) @mvl{
2
-1

For eigenveckor |-1D,_  ane has

b— Oi? :2-'}3 % Y ) mark
JZ. 3)10 C i @

S0 !>='-J2:a, ArC = ’\/Zb, bﬁ—-\fzc VY mark

abh So /0 a \
G)-——-? Bal  (Dmwk

a

Normali sakon gives oM 24424 Mk ss az¥
(gnere phase)

. 1
and |7 ﬁ(’f‘[l) @Mark

Toted[15) fl%lr'/ij



(.) One needs to calwlate | Lo ]q;)‘ @m«

5Nb'~f 1. -4
(%, (r‘i)( AL
3/

..__ 2 P a1
lfz 2 J‘Lf) /ﬁg/ 28 7
= Fr:pbabi’/'(j o ™MEAUrDY L:’Caa 5 %

Dy

Tobak 3\ v s
Sof C)

Totak sor B2: [74f] 0\ +f3]

’AZZJJIWKS

2

Lame

) Nmrarlt




R) (Al boskworkc)

I) The state of o particle (S represented by A
Vector | W) , the stake Veckor, 1n U, lbert
space . (T) mark

;i) The .i‘nAepenAen{ variables o= and P o5 classical
mechanics now bedme Hemidian operators,
X ank p fespectively, degined by the
Lommpkabor [S2, p) =B @ tmark.
Dependent variables w@;r) ' classical mechan;cs
are given by the Hemmitian sperators

NE P WE>Rp>8) (D) mark
ifi) Tt a /Dm‘fé.‘de 15 1 a state | (D, a measwemeanrt
0§ the observable <or responding £ ¢ ) wll
yle\d one o0f the eigenvalres w; with
probability  Prob@) o | <w,) y>|, where
lwD (s the elgenveckar with eigenvalie wy.
@MMK, The stake o5 tbe system wll chang ¢
from [P 4o (WS a5 A result of 4he
measArement @mrk,

ﬂl) | WD satissies the ;fCAra'A:bjei‘ eguation
P A (0> - Alve> 2y



where [ 15 4be Hamiltonian @MAPK.
Total L8] marks
)

) Pwyw, =2 1w y>Pwe = S<ylwd<u g
¢ ‘ D) mweld ) @MW‘K

Now s/nce S2lw >~ Uéfw{> I each (
then (5> = 2L9IRfw>du) >
C

@ rar

Toted [E) mark's

o) o |
The Qigenyectsrs of a Herwtan gperator

N & Hilbert space  som a basis gor the
space  called an "e/genbasis” (Y mark

Since. S (aA{w,>+,alwz>) - w@élwb*ﬁlwb)

,fdr Mb;’ff‘o\ly 5(4{AF5 A dggA ﬁ <u/i”6% ol%‘lﬁl":i

FX Dorroal/saks bn
Mar‘k, 4hen any linear combinatsob

AWDHLIWD 15w wh s orébomal
mbingSon ore €lsedvectors With €igenvalu e
W Dvwrk, and ss there exists  an



in;;n}@ 05 eigenbises @MMK_ Toteh [IEN rarks

. Guarion’l
A) N(2IAD) =2 AIAD=22 00D )
One has ( L) @mrk @ka eg@
= %L(QM'(»

Y \rark

= () A'&) 15 an elgenvector of N

b ark

Now we Knew thak DIADZ WD 1e. 0 cannot
change [N 4o

Ts 4his were true 4Lhen equatkon 1 above wouid
give _/)_HO":/\ULO, which  contralicts ouar
AJsiumption Abat ML> 'S 4he only ket with
eigeniakie Ay [0 mark

=D RUIAD=WIAD I the anly possibikty,
ank so LA} are alss elgenvectars

Tokak gor B [N 20)

Mark's






)

<&>ol<wd° K,5¢en in pm ;% amm)
0k> Mas€ general state 1S IW%:Zagliz® 5
CJ

where OLL'J‘ Are. scalars @
The state 15 separsble s aj=old O3

where I LIJ>A"l %Ait } 'L>A aV)A (’!)>B: ;_OKJ fJ>B @

T | ‘ A B
The stake 1S entangled £ au’?éa{'aj 0

Tréd S
nMark s
by C and A S B
(Bdakwark, en 1N pant exars )
Q Now (>~ |6o+211>  and [¥>=[8> (;OM@
= ol o=l Ll oooy g 1000+ A | o1dD #B\1ALD
EP Jé,( [/3?‘%?’
fﬂfﬁﬂéh
oM =

™Mark s

= L 0/t 52

Now wse | o6 &(IB> uz>>
loi> - j‘a 68r>"‘ | Bs>> [’/L}%PK each 2@ rParKS
[41>= L (l BD’[BZ>)
fid> (B> B_3>)



ol :}(4\ 82105+ AIBYI0> +31 8510578185165
+ ol ’B;>”->”‘0L|83>’1>4\/gf'8a>]i>'}@}32>]i>)

@ rarig

aDA 56
2101y 7 (l Bs (GUO>‘*}@U.>> A+ | B;>(0Lli>+,610>>

F 18,5 (1081 )+ | 8> (aui>—;g!o>>
@ mar I

Total L8) ks
500 b
) 1( 21674 g0 (| 69LalHLX ) (auo>~1~‘,@l_1§: A6

A P -
%mébobmlffﬁ

Lolor~Lal1P=1

Lol4>2L{Alo)=0

= oL ]o>+ AL = (4>
¢ (Ap-slon(or- 1£546]) (A1 1y ~10) = AIop+g11< 5>

)A( (f)» Jo)+ ,@(i)) g Go>< 1)+ /:L><OD(OL [ 1>44] d>)

Zz (A4 1)~ (16>¢e)- 1541 (1657818 = 4] 645155 =18

Eﬂj mar i o4.¢),

THA L) rocks
For <)



00 Tv nfe &hese results £a( ’C‘e]f/of&m’&n{

1) Alice has a gubtt in ap wnknawn seate | >
€. Kk anh B oare wnknown in J10>+p14D>

marl

Z) Alice keeps one oy 4the gubits 1n $he entanyfed
State HV> abA fer the 0%/72!;3’?0 Bob _@MH

3) Tn the f/‘DﬂLU\C’é‘ slbate Pl Q1> , the g rst Lwo
jubits (wb;‘d; ore with Ah'oe) are epandeX 1
Lerms af Bell $oakes, giviny the epresnon for 13;29

4) Aljfce me ipfg;f which pBell feake her tws gubis
are I collapsing 1714> o the s
[ B> ® single gubi /Ar@ rBKpﬁff gubit will now be iy
e sbate given by the single qubit part 02 s

5) Ts Aljce meajues |Bix she sends the Numbe [~
" . raf
4 <<'—'~1,2,3.oro> Lo Bob Usr'vy twos bits ag clagicd

ingormakion. (Vi)
6) Bob afp},fef one of the a/ﬁf/f@ff Lo bis guﬁ,'/c/
according Ao whether Alice sepds hivg 01,2 or3,

Mol

N
Bob appllies ;(C ' Alice sends number O
i’ Il He i . it i
é— n/ nr re r 2 @MH(
/1 H s\/ i f lr 1/ 4 3

ThYe [esuts |'p C) shows Ehat 4his optrais'on
Leansgoms Bol's  gubit nto |G ) mwels



7> | p> s trahs
ported  sror Al :
i g e iy e e 1o

ra

T8 [6] Pk s
50 faf"é A)

Torteh gor Bh
L340
20

rar K S



