| > restart

> interfacg warnlevet0) : # M aple12

[ > with( LinearAlgebrg :
| > with(Bits) :

This worksheet shows the matrices involved in the teleportation discussion
of Chapter 5- Quantum Teleportation
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> TP :=proc(M1, M2) return KroneckerProduat MIM2) end proc:
[> T :=proc(x) return Transposé Xend proc:
> VSte:= proc(n) # Generates a list of computational states forubitg

local i, L; # eg. n=2= [ |00/ [01) |10/ |11/ |
L == Matrix(1,2");
Setting$ defaultbits n);

for i from 1to2" do
L[1,i] := cat( |, String( i— 1, msbfirsy, ")");
end do;
# print(L);
returnlL; # returns Matrix L
end proc:

Defining wor king matrices

> [2:= ldentityMatrix(2);
10

01

)



14 := IdentityMatrix(4);
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CNOT := RowOperatio(l4, [3, 4]);
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CNOT:= 0001
0010
X := RowOperatiofI2, [1, 2]);
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Z:=Matrix([[1, 0], [0, —1]1);
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> IBdl:= MatrixInverse¢ GBell);
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Defining State Vectors

Unknown state vector; that is, g and a, are unknown. This is the quantum state to be " teleported”

l9) = 8,0} + ay|1)

> Co:= Matrix([[a[0]], [a[1]]]):
St:= Transposé VSid)) :
¢ = Multiply(T(Co), St)[1, 17,
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- qubits used to generate the entangled states ( correlated states, EPR pair)

JA) = [0), |B) =10) and |A) ® |B) =|00)
00 + [11
GBelI(JA) ® [B) = By, :%

> A:=Matrix([[1], [0]]) :
B :=Matrix([[1], [0]]) :
C[0, 0] := Multiply(GBell, TP(A,B) );
St:= Transposé VSi{@)) :
B[O, 0] := factor( Multiply( T(C[0, 01), St)[1, 1]); # Bell State p00
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The state vector representing the three qubit state

vy = [6) ® |A) ® |B)=g)000)+ & 100)

> n:=3:
Co0 := TP(Co, TP(A,B));
St:= Transposé VSt8)) : '|w0/ = Multiply(T(CqO), SY[1, 17;

Co0:=

|y0):= a,|000)+ a, |100/ (1)
Applying the GBell operator to the last two qubits of ;)

|\|11) =(12Q® GBeII)hVO} = a0|0> ®GBell(00)) + a1|1> ® GBdI(00))
|\|’1> = 30|O> ® Boo + al|1> ® Bpg

=0 @ (LT o
v <o, 1000, \/—I—?|0112) . al|1oo) j7|111)

:> Col := Multiply(TP(12, GBell), Co0); |W1)_:= factor( Multiply( T(Col,SY[1,1]);
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Col:=

|yd):= % V2 (8,|000)+a,|011)+ a, |100)+ &, |111)) (12)




Applying the CNOT operator to the first two qubitsof |y,)

ly,) = (CNOT ® 12)]y,)

CNOT(|00)) ®/0) + CNOT(|01)) ®|1) va CNOT(|]10)) ®|0) + CNOT( |11)) ®|1)

V2 VZ
_,, [000) +j011) | al|110) + [101)
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|\|f2> =

> Co2i= Multiply( TP( CNOT2), Col);
|y2):= factor( Multiply( T( Co2, St)[1, 1;
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y2):= % V7 (8,1000/+ 3, [011)+ &, [101)+ a, |110) (13)

i Applying the Hadamard operator to the first qubit of |y.)

vy = HO/® (|00 + [11)) +a, H1)®([10) + [01))
7z 7z
) = (|0)+|1>)®goo> +111) a (19 —|1>)®(2|10> + 101))
_ (J000y + |011)+|100> + |111)) ( /010y + |001)—|110> - |101))
|\|f3> = ta
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> Co3 := Multiply(TP(H, 14), Co2);
|y3):= Multiply(T(Co3), St)[1, 1];

|y3):= % a,|000/) + % a, [001)+ % a, [010/+ % a,(011)+ % a,|100) — % a, |101)
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Another way of obtaining |\|/3> is by applying the inverse Bell Gate operator IBell to the first two qubits

of state |y;). Thus |y) — |y,

g = (IBell ® 12)]yy)
IBell(j00)) ®(0) + 1Bell(j01)) ]1)

vy =&,

IBell(|10)) ®|0) + IBell( [11)) ®|1)
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> Co3 = Multiply(TP(1Bell, 12), Col):
“|¥3/) := Multiply(T(Co3), St)[1, 1];
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Now we write the density matrix of |ys).
i P = vyl
> p:=TP(Co3, HermitianTranspos@Co3) ); # note a, refersto the complexconjugateof a,

1.5 log 1.5 1,0 1.5 1.0 1. - 1 |
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