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Mult:- q/ubft systems

Most common way of- obbain?n_g' Q q,uclf t . 2 qufts
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Say Ale has a q/ubH: IW? and Bob has g q/ub[l— l¢>6(L’2

Question 1 = What is the joint 4-d state *

Question 22 Tf Rob a[splfes a Un;’cary ve € 1o his qubtt,
what s the new 4-d state ?

Queston 3+ If only Alice measuves her gubit, what haﬁ:ms?

Lets tfy 10 dpswer quesh‘on 1
We n wew two q,ubfts as a ;p\‘nt 4-c sysem :

Yoo l007+ X lo1) + ¥, o) + v, L)
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Say Alice’s q/ubH: YD = alo? + o, 117
Bob's qubit 1> = B 16 + B, 117
Ahalogous to the Fvobqbilit}/ rules for fh‘ﬂafn@' two coins,
Overall ampliude of 100> = o B,
So, Vo= 0B, .« M=, Y = By, 7, = 0B
“This betler be a quantum Stak. let's check that

e P b Wt 1= (1l o) (B4 IBIT) = 11 = 1

More genevally | what is the joint state of two q/udllbs !
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Jont state is de- dimensional qucﬁt
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“This o‘aexalyl‘on s called q tensor Fmdudc.



Moe generaly , tensor product of two matrices A and B:

Demonstyates that 4ensor ondud: i
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hot @ commutative o]xmtt‘on
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let's do this in the ket~ nhotatfon
Lo+ 10 @(Llod>—L 1>)= Lloe) Lo +! liod — ) 11D
2 Jz J2 iz > 2 2 =



PYO]JQ\’HCS Of tensor Product

- Acts |ke ‘non- commutative molﬁy\l‘ca‘tlbn”

(A+B)®C = AocC + B® C

Ao (B+C) = A® B + A® C

Ao (B®C) = (A®@B)RC = A®BR®C
Eg. Alice Bob Charlie Joint state s
SIS I
%, B 1, o By ) |0o1)
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(ReB) = Aeg"

(AeB)-(ceD) = (Ac)s (@D)
1
matvix
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Quantum  Circuibs

Let’s  suppose Alce and Bob each PveFarec\ o qlub\'-l: and got togreﬂ'\ev

Alice @ These two Faﬁ:\'cles have a joint state
Bab @ X 1000 + oy 10V> + o 1107 + o 17D
Alice Beb

Let's ?mag\'ne they go n a Phx/s\‘cq\ device that  changes theiy state  (jointly)
e the device aFFll‘es a CNOT oPeYOlh'GH g




Defintion (CNOT)

control ,
(L = 4xA unwtary transformation de‘-fllned as JCOHOWS
tafge,’c —Zg

"If the control q,t)bl:t is 0 do no-thl'ng
Blse , apply a NOT o the target qubit’

Fo'(mul\y, |06 — |o0) 1o —= 11
101> — lot?) 1) — o)

The wmatrix TeFYese,nta'I:('on of CNOT s
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This is a permotalon matvix , so it Is easy bo see
fhat this is a unﬂzavy transfovmation

What is the Yont state of Alice and Bob's q,ub\‘t after cnoOT 7

We dvaw this opevation os a vantvm eveut " diagvom
P q 3
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Let’s dvaw o more fnl:eresﬁng clluqr\’cum C\‘YCUHZ now
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What ave the states qt locations @, @ ond @) ?
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State at location O : 100

at location @ @ Alce only qPPlics a gad;e_ to her qlubit HloY = |+
o, state s

l+d>®lo) = L 1os) + L 10>
Jz iz

ot locaton@: CNOT swaps the amPli{;uc(e of liwo) & lu?
so, Stete is

L Jos) + 1 D) — Bell state
J2 vz OR. EPR pair

Bell State is not of the form 197® |F) for any "y lC]‘)E(Ez

This means that cuch states can oh!y arise wheh the quh‘c_les interact

Procf  Let ND:[NO] and  16)= {ﬁ\}

oy Ba

Then WO 1Y = ("‘OP"

Obsevve +that the product of qrn[)\l\f:udes on lol) o 110)
= procduct of amplibdes ot [00) & |11

for any tensor prodict Shate
This is rot bwe for the Bell state [
@ A state on ml)lh")D‘L qubits is called emtanglec{ across a bipartition (of the q'obihs)
§ & Cannot be whllen as (WO ® IGD for ay 1WOIDIGD
Tt is not obvious joet by \ooking ot a state ¥ its e,n't'angled
2 2 z

Eg. Te L1000 Lo +21 JIp) +L (n) eh{—angkd-?
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= |4)® 4+



SuProse Bob qyrh‘es a NOT ga‘-:e to her q,ulﬂ.‘l:' — —|ng IS 2x2 unf-l:ay
How can we make Sense of this ?
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In gtneval, Say we have o 2- q}ibl‘t State Yoo y ond q 2x2 un;'l;a/y J=|p ~
%ileC ¢ s

NEXT TIME | What is the state ofter we aﬂ’\j U to 2nd qubt‘t?




