th
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— Superp osion

PART T Fundamental ConCtFts i Quantum I\'\fovrnq{t'on _+— Meosurements
L—. " Quantum O?e_ra:tfar\s"

This lectuve - Eltzur- Vadman Puzzle ( contd )
. Unikdfy Tmnsfovmaﬁans L Multi- qubit sy&l:em&

RECAP Eldzur- Valdman Romb Tester

Dud OR Bomb  fuse attached to < flier

—- — —> %r’é
al
Nothing' happens Photon measured in {10),10]

basis & bomb exrlodes if 127

is measured ofw thtO" comes out

Class?cul\y he chance of deted:t‘n&r
143 state gaw us 25/ chance

Todoy we will g’iw: a better qlgor?ti'»m Using mew o,:cvat(oru

Measovernent gives us classical information and collapses the state
For quartum c_ompuh‘ng, we dlso neecl to be able to tvansferm quantum states

Consider a qubit with veal amrlc'{:ucle: / /
FACT  For any B, one can bulld a physical \J

device that “Yal:q’ces ts state I:y o

Eg. by Passing Fho'bon thfaugh a slab whose |ehg’d1 defehd: on 8
or by shoorting laser at an electvon for fime that deyends on ©

“The lineay truns]cormatt‘on that votates lay & is given l>>/ the matn'x

Re = [“5 ® ] Same O'FEYa‘hbn works
g.'; &) | cos B Jor complex ampll't—uder

Lo where (17 goes
also

where [c')] - [0) goes



Eg. H-=4s5" Ry = ["’fz 'lfrz] 16> — [+
Y= Y 1) — - =>

Can simuate meosdvernent in any basis with Rotation 6perations and Standard measurements
i pe

|W?2
[ “ " Fass 14 through R g

\J ) — )1)

+ Standard Measurement

[

6" means measured lu?
115 means measoved ‘1N’
" Apply Ry 1o the CallaPsed state
10> — Ju
1) — W

FACT  Con also build o ths:‘qu device that implemen{'s a fef|ec~h'on

Ep. if shabe wos [«] & eflecton tmy 45°

F
e
\<J state becomes IE]

“The corrasrondt‘ng matnix is o 1 NOT
1 o gatt

10D — |4)
i) = 10)

g
/ >¥=§2’-5' sends 10) = 7 Matrix :}’fz 17-5 Hadamard

Eg (wth omplex ampliudes)  Phase shift opevation

vald qlobH: state
2 ...7 YA z
since lod + IL]B\ = lal +(P| =1



. Statt with 100

© ApplYy Rg where €= fn— for n= 100000
— % — - Send into box

e

* If no explosion, repeat steps 2 and 3 h times

¢ Measove in stapdard basis

Case Dud @ Qubit exibs at angle &
Case  Bomb: P measure o) = (cos £)° and then 10D exits
P [ measove "10)"] = (sin £)" = &

I§ ro exploson, Phoi:on comes oot h Stak 107
Repeat steps 2 and 3 n imes

Ana|\/zing Ful AMlgorithm Cose Dud : After n votations, state of qubit is 11D

since each rotation is T

2n

Case. Bomb : Final state a.ssuming ho exF|03|'cn Is 107

2

[P[P.xplosim] = he” = T = smdl
Lin

Measuring- in standard basis : Dud — 12D Pevfcc{:ly d('si'ingwls‘h
Bomb — 107 Hf dhere 1S no ex’)losion

Rotabon and ?efledn'or\ oFevaJa'ons ave what ave clled unfjcagl ‘Evansiforma’c(bm (
We wil tak about them move gencra\\] so leb us fird introdvce a c[udit.

d-Qudt A quantur sysbem n suFerFog'ﬁ'on of d basic staes 117,127, ... 1d7

o
E\) _ IqJ>= Nllj-) + oo+ dd|d7 whe_{g ,NIlL+ -+ (Ndl'l=1
ad

| Measoring @ qudit in the basis I 117,...1d7}

i | M
q/udl'l: outcome. is 117 with o|% g stote collq})ses to (1.7

d=¢ ... ahd so on

State of a q/udit can glso be changcc{ b] vobation /veflection in d- dimensiens



QM law 3 A q/ud[t state. can be changed by any lineay transformation -that Preserves lehg'H1

These are called unibqrj trqnsformqtcon s Ue (ded
U sy w1 Nllgyl = 1gl®

S (U (019?) = <P
L QYUY =<Qiy?
—

This can only hapyen iff V=1

| —u—
U= |y o .}4) then U'=(" ' )
| | —uy—
Pt v
+ U
So’ lf Ll, u — L:-‘ul U.J_uz , Ud = 1 - 0
wu, ufu, o ugug )

0

then columns of U fovm an orthonovmal basis

+

Another egoivalent  defn: UU" =T < inverse o (U =U

Ths imfs\ies dhat f U s allowed then e s v All um'tavy oloerqb'on:

ave veVersible
Another e,q/oivaleht defn = L preseves qngle.s @r inher Fraducl:s )

(U1 wy) = <plurwly? = <oy

E.p (On q’ubib.s) RG = ):Cose -Sin G] — check 4hat i i unl\hy

§in®  os O



o Y

ES; (On quits with d=3) o 0 1 presefves Iengtl—.
1 0 O B = | &
0 1 O o B |
Permutation
Matrix
00 ol 10 1\
(Qudits with d=4) SWAP = 00] 1 O 06 O
o] o o1 O
|0 O L o O
I © O 0 1
(I I |
H* = 1 L=t -l
2

Fun fack: Every unﬂ:avy U has a square voot

8.8. IJ—R—; = RG/Z and r—_—’NOT _ !_Z_(_I,+L 1-»)

1-0  1+¢



