Solutions

Exercise 1:

Given the single cubit quantum gates:

and the qubits:

[¥y) = [1)

) = %um £11))

a) Show that X, Y, Z and H are unitary and hermitian.
XX =YY =ZZ"= HH'" = I - unitary
X=X"Y=Y": Z=2" H=H'- hermitian

b) Show that XY Z = il.
c¢) Show that HXH = Z.
d) Show that HZH = X without explicitly multiplying the matrices.
HXH = Z and H 1is unitary and hermitian, so
HXH = Z <=> HHXHH = HZH <=> IXI = HZH <=> X =
HZH

e) Show that HXHZH X H = Z without explicitly multiplying the matrices.
HXH = Z and Z is unitary and hermitian, so
HXHZHXH =ZZZ=174=72



f) What is the result of applying Y to |¥,)?

0 —i 1 _a
vigy= | || =[] = &im+iny

Exercise 2:

If i = (nx,ny,nz) is a real unit vector in three dimensional space, we can

define a rotation by # around the 7. axis as:
0 N
R;(0) = cos 2 I —isin 3 (nxX +nyY +nzZ)

a) Show that Rz(7) = —iX, where 2 = (1,0,0).
b) What is the result of applying R:(r), where Z = (0,0, 1),

to [¥) = L(]0) +11))?

—i 0 L —t,
R(r) [ W) = [cos (%) 1 —isin (2) Z] | W) = | | V’f = ~’l'5
0 ] 7 -5

(=i ]0) - [1))

¢) Find 7 so that H = iR (7).

i = 75(1,0,1)

d) Show that H = iR;(m)Ry(3), where & = (1,0,0) and § = (0, 1,0).

_ - o . ; . 01 1 -1
iR:(m)Ry(Z) = i (—iX) (EI . —Qy) -4 —H
1 0 1 1



e) Show that R:(0)Y R:(6)" = cos@Y — sinfX.
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= cos(0)Y — sin(0)X

NI ND

knowing that:

cos(6) = cos? (Z) n? (3)
w1 () ()

YZ =iX
ZYZ = -Y

YZ=-2Y



