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BR l CS Min:- CoUrse

onN

Quantum Com/)al(af}'on

/4. Berf%iaamf
CW. T.

5 essien I f/‘ 06/L(C 7(10/”
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later fero meter:
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_/ﬁrforiccc/ /?ema,rkr.:

~[782 Ben:‘af:f/ltcynhan
(dea of a fa/év Gl comy

—/785 De«tscﬁ
Fckma/l'sm 760'1" QTM

~[989 Deutsch

/Co-kma/ffm J(ak O (ircu[ff

‘/7?3 \/aa
RTM = @ creuts

= [77% BBC et al

Quanfu m /C/a?‘e results
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Quantum Bafz'cf ;

Bdfl"f 5fﬂf€$: all c/asyica/éx dislinet

a—/—fcf-nafr‘ve of « 7/'Ven
propetly .
ex. of properlies:

- /Jas‘/ff'an
~ pafé

— orienta tisn

Nafafian: if X is The /at'ae/ of an
alternaltve, then that
state s wnoled

| X
N.B: a4y X 17

NO J



41

QUCM_?LM Bczsfcs (canr.):

am/)/ifaale: The ,/orobaég'/[fy_ of an
alternative X' is 7/76/»
by rhe Square boeen
of a complex number
X,

Pltx)) = 1«lI?

Sl‘afe VecTor ¢ A sum of aqll alternalives
Wei?/u?‘ec/ b y Their
3\ amplitudes.

\i°
o
O ] (SP>=Z«;I£>
l (€8
'Z’*"a —1 where
CER | B:gilélsa/aée/}\

is a sel of pasis slates
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Quantuem Basics (cont) :

All /30551’5/(’ Z a; [ ¢S Form
(€B

a complex veclor space (

75 fbert space )

d‘\ .
[¥)- /Tﬂ“«: 'y = / " , z {j/
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Quanlum ﬁdi/tg_ (cont.):

Ew/a?(z'an: slale veclors are Prans-

ex: é:: , --
A

formed l‘hkaa;h vnilary
malrices. |

vuT =1
UlY) = |¥')




Quantum Basics _Leont)

Observab/le: an Observable O is a
/Jar-f(/m'n dpc 7/111

t; svb spaces

Sucéﬂ féd?‘
7~ = £, x £, % -~ XE,
a’lG/ \V/l\#} E& _).. E;

N.B.: The property defermines
the _partition m‘.n}__ )
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Quan ZLLIM Edﬂ'(s (Caﬁz. l:

Obseryation: Le T /97:2’«; [(> In
LER
4 We waul To pbsetve
This  stale wilh

@ < {f;, e /5‘}

&
(¢ = 2 wcl> B [y)=5 619>

(fg }:t
Where
/5}) S =2
Q_éfcrvi‘g? will .

) selecl f} wilh prob. //3;/1

2 1¢> b (4,5
) AN we learn s efﬂ
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Qaanfam E@ﬂ‘(f [ conl.) 3
Notation: if 19> - Z“ li>

Then
(195) = Cyl = D &Kl

Pro/ecfmm (mnfr pm/acf)
Let [¥> = x; 1y and

¥ —-L fcli>  Then
¢

> Yy = <vly)

= Z fS"#(X} <l. ,)>
7 T

if (#4
c c?‘/

» ! Oow.
= Zﬁ; A

‘
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\A/Oré('m? __dﬂf ‘/%f /'//z/érfé’romefc{:

Bas[s States: 73‘{ IH>, IV>}
Initial State: sy = |H)

Tram' forma f/'ams:
) ,./ |HYy — .'/v‘i(lH> * ,:!‘f))
‘ VY —b Y lilwy + (V)

i 10> = (1) and vy < (9) ther
e e (i)

Note: M M.T =T

h N



Npte: MM =T
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\L/m.ﬁ/'m?, oul coc o

|H> — Yz (10> + c1vy)
— Uz (510~ )
— e [FROB)

* 4 (il e 1) ]

AQLET AR

-.‘FIH>

MMI‘ =M MM, (a)
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Qucm Cum (om’paquz’an 734’51‘4;:

Quéi?“: a iu«n{um slalte of He

forem
16> = «xle> + /3 1)

where o]t ¢ //}/z =1

Ou?a.’le.‘ (far Jjafﬂ‘) (s a AXR
(or 9a1‘e) unitary maltric U,

JIby = 1b'y
IVaTafion:

55— U |— |4

Cx: U= M Y

‘C\/ MV& — %,‘i‘ {!O} +?,(|§
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TAC (nlerfecomeler (v 7,4_?(2:

I -/H>

lH) — M«/:_7— M M

Glley ¢ i)l (dwy - 1v2)
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QC Bd?z‘CS l(onl'.) :

Quﬁa?{e + (for 2 3a6:’/5)

1b,> — J ?

What s The 7az'nf 545/')’?

What’s  The 7gm?‘ slale ?




Jensor Pfd/acf: &
When we lave 2 g«éi!‘r:

Qoint bases; /?2 < {laa), lo ), 103, [!I}}

boint stale; if (4D = o, (0D + o [1)

and by = p,lo rp 17
fhen

by @ by = [bAbY = 3 a5 lig)
L} =0
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En faxl7/e menl :

[t 9D = o ooy + dy lo1 t & lioD +olylu

If 19> = (plooepln) ®
(Y, 1oy + % (D)

Then 16 and [6.) are l'nJ(’p_fn Jant

Otherwise 1% is gnfazn?_/_e_a[

ex: |9 = '/:1r106>+[01)+[m)+?u/
210y +10) & Jlle>

(4,5 Yallooy + 10y 15
m‘an7/fa/
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Qi?a/es on_ QA ﬁaéffy.‘

]I’I 7_§ﬂfﬁdj.’ a 4x9¢ un:‘far)f /’hefrix

Juk
| I |
Special Case
14
1B
U
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Quan fam Rc7/‘$f'er:

Def: an £ guéif Zjaan@m re /'J’fc/“
(s a guamlum Slale ©F
Yhe form n

Where [0 is The (™ bz'nar,v
Sl‘rl'h? on n 61’(?

n-quqa?:??.‘ f&l?dfcs on nh guéif

) N
m:?/'sffrs are lhxfl um‘ZZf/v
A

matrices.
(b —] 5 )
b, —i b, these
b, — b May
< ) ! u ' bv‘ 69 .
- ! f cntam?/ed
\bn ‘ "‘5; /
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Madt'fied Dcuffcﬁﬁjozsq 7)f'éb/<m:

[et F: {o;t}n—-> {o,1} ;cam/)u.l‘a'b/c.

\A/C de fine:

* Non-Balanced: There is a majorily
of OF (or- 15)

*t Mon-Conslant: 3 xy St -’Q”)#"[{)’"

Proé/em: Givfn f, aafpul‘ Pé‘,{a&,kai

such That P(f) is True
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Lecer€- Bemnett: Theorem:

_ZZ_I’_h.' For alf f'(ompafaé/e th Time

O(T), There exist a um’far)/
matrix U such that

L%‘x, 0>‘ = /'x, f(x)> |
(ac?(uaféx: (4[7 b> = /7‘, b @f(x\>).




59

T dea of the solatin To [1DIP:

\/\/e ha e
{11@




S‘O(,p_erpof@? a ﬂC?I‘SZ‘&L:
Let 53%5(: _;) Fhen

(o) ¢ — ‘/(/'i (lo) t+ ll>)

/Vow, consider

r[s:)
§

Vi

h
-1

gl

;-

gugifs o ) J ,lf> ( )
2

'

L

| -\
,{lh Z"/

N (=0

and 5=§S

n



Another (Gale:

Ler Pe (g 5) ther

P

. «lo) =p11D
f

alo) +/3(1)_]
t

61



The Solutiaon:
[ | V
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Solution (¢ conl. ) :
Zel‘ Z> = / Zlc 0>

and consider The obseryq ble
O - {6 , 53_3 where

= [12>] and € Lk

Claim : The ?aﬁ artay + O
fo/ye f/l( M0\7P



Progf: :'Ln_'
| | fe) .\
Final State: /9P> = %FZC"/) [0,
(=0

What s The pro/. of [9D in E?
&

2 &
‘ j; P (=r ‘
R Tl £00)
e )
(<0

3 casés
0) f ba/anced.‘ <,?’/L?>: '®)

(a'lw-ays an *E,’:' answ{r?

2) £ conglanls <X[¥>= %]

(always an ‘B answer)
9§ not teraz <Y € ol

(either answer)
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Lmpovement on the DI problem -

\A/C now observe w:‘l% 7"/1( Sfana/afa{

/)asif .
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Impro vement ((MQ

Final State: /;l YZ“U (")67 /}'0,5
(omw/cr The am/;/taa/e of |0¢c):

SR f¢i)
Vi fe"s -’AE ¢y =

3 cases Uéfefvln;:
) F 2a‘anced 4, =C —b Never e
a, =t —» alway; [ 7>

2) * ccoslant ;
3) £ o her a, # Gt —» I'M)/bf ’o",g";

Same ar? umenl as before



