PHYS 512 -Quiz -01

Solution
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Q. 1 (State Normalization) [5]

Verify each of the following state is normalized, if the state is NOT normalized, normalized the state
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Solution
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State | () is not a normalized state

The normalized state |{')
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Solution

EE)+ 66 -5tz

State |¢) is not a normalized state



Q.2 (SG experimental Arrangement) [5]

Following is the Stern-Gerlach experiment arrangement. For each output stage, write down the state and
the probability of the measurement outcome.

Source of
spin % particles

YYVYy

SG-X

" block

SG-Z

i’ block

JES

Beam of "
spinl/2 part.
Solution
Output State probability

1 | —) 50

2 | +) 50

3 |0) 25

4 [1) 25

5 |0) 0

6 |1) 25

Q.3 (Change of Basis -Experimental)) [4]

5G-Z

A quantum state |y) is represented in the following diagram in the |0) — |1) plane. Assuming (as is
fundamental to quantum mechanics) that the state itself cannot be directly measured, only its
‘components’ can be measured. Write the state |y) in a superposition of basis states [0) and |1).

Note: no need to simplify the state expression

Solutlon

|Y) = cos60|0) + sin60]|1)

| 1)

|¥)

60°

Now if you measure the same state|y) in new basis, shown in Figure. Write the state [) in a

superposition of basis states |+) and |—).

Solution

|) = cos15|0) + sin1|1)
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Q.4 (Orthonormality) [5]

For given two states in |0) and |1) qubit state

i i
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Is state | W) is orthogonal to |p) ?

Solution

=i =i i i
@) = | 01+ =] | =10 - =)

(@) = 5(010) + (=) (111 =0

Yes, the state [s) is orthogonal to | )

Q.5 (Entangled States) [4]
For given entangled state [y)

1 i V7
) = (Z+Z) 101) +m|10)

(a) What is the probability of finding the first qubit in state |1)?

(b) If you measure, the first qubit is state|1) what is/are the possible states of second qubit
Solution

(a)
(6565

Second qubit for sure will be in state |0)

(b)



Q.6 [5] Consider following state in orthonormal basis |u,), |u,), and |us)

)=+ ) + 5 )
[ —\/§|u1 \/1—5|u2 \/§|u3

Find the probability the state|ys) collapse into state |¢), where
0) = = [1t) — = 1)

=—|u)——=lu

(p \/E 1 \/E 2

Solution
B = [l + = wl] [+ S+ )
il el e+ mhe

—i\ [—i i\ (V7
o =(3)F)+H)(F)
V2/ \W5/ 0 \W2/\V15
Rest of the terms will be zero, due to
orthonormality condition

-1 V7
(Ply) = Nexo + 730
Therefore the required probability
, (-1 i\/7> < -1 —i\/7>
Sl ‘(m*m NRNET

1 7 1
Kpl)I? = 030°3



Q.7 [5] Consider following two state in C3

2 i
|a>=<4i>; Ib)=<3>
1 2i

(1 (alb) =?
(i)  la)Xb| =?
Solution
()
i
(alb)=(2 —4i 1) (3)
20
(alb) = 2i — 12i + 2i = —8i
(i)

2
|a)(b|=<4i>(—i 3 —20)
1

—2i 6 —4i
la)b|=| 4 12i 8
—i 3 =2



