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Question 1

The time-dependent Schrodinger equation can be used to determine the evolution of a quan-
tum state after some time ¢. It is written as:

L)
i = (o),

where H is the Hamiltonian of the system. In this question, we define H to be:
H = bhX.
(a) Show that X2 = 1.

(b) A quantum state |¢)(0)) at time ¢ = 0 is given by
0)+(1) ).
(10

(c) Identify |¢(0)) and |¢(t)) on the Bloch sphere.

Sl

What is [(1)) if bt = 57

(d) If bt = %, what rotation will take [1/(0)) to [¢(t))? Specify the amount and axis of
rotation.

(e) Now suppose that the initial state is

%(\0>+|1>)-

How does this state evolve with time?

or par , is there any measuremen at can differentiate between an e
f) For part (f), is th y t that diffe tiate bet 0 d th
state at some later time?

The three Pauli operators are defined below
5 0 1
(1 o)
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Figure 1: Energy Level Diagram for Question 2

Energy

Question 2

If an electron is in the lower energy state, it is labeled as |0), and if it is in the higher (excited)
state, it is labeled as |1). A pulse is applied that has the Hamiltonian

01
hVo(l O)'

Our electron starts in the lower energy state. The pulse switches on at time ¢ = 0 and ends

at L.
Vo
What is the probability that the electron is found in the excited state at the end of the pulse?

Question 3

Show that a 7 rotation about the z—axis followed by a 7 rotation about the y—axis generates
a Hadamard gate.



3
[ %
Loy EMJ

m oy [1] sine bk [2f

b)) [$ed e _’—O 7+i\17>-
) Ln

| £il MK
| lbers SRR [Yeys sie (L0702
A 5
X
Now e 2 = CL“—') ﬂ_.~ \S\ﬂ Lb’t) X £
Wl\'ﬁ: Lt :—J_L , we G ve -‘~+"r with
2
A Aoy fois e (4)> giedob
ﬂ'X ﬂ-,La U\{
’ ( Ay 4 lev) 2\ i | (6% < \J
e - = =¢tha 2
J% o ST
Z, s
C) “'('6)7 |"+(,6)> .’—‘-_{"_._(;‘2_7
T gs. L gl
2 2:
% lp&)y
J"” ar T, G ET
2 b


https://v3.camscanner.com/user/download

4)(7?)22‘ ﬂf;ﬁx. (axbilbtae).

l - ___,__.. Jo ]1?)-
e) 47 @( >t

loCt)? = ( ¢t (bt) A - I'stn (vt) )?>._d_|_:. []O>T’i7j.

2

g
= { st ) ~igincbt) Yo7 + (cn ) <ram k) 117]

= _l— ﬁ--l““'t (h> t \_17) = C,_‘bi- ('Q>—|. [17) :{q{t—)7

\F) Py

N b b i 1, pres T, ot
frg kT jarbl adies ) |0

,F,« (L7 =

(Q‘\ | (6541t

&2
0 4 i) ? &

2:



https://v3.camscanner.com/user/download

Qlr - .
T H_'a‘plv < \> < JﬁVoX ‘

fe Loy 7 = [
- V., t
L) 72 tl\ % x) (0_7

ST
b X Ty

PSS AL SV, ol B (o i o S
Vs

-~ =gt A
WL’\:T\> 7‘6_"] X o >

= Sm(T)i B 5]0(T))2j e

=

e

e (T)s FEYRCT 4
?mb(_ll)) -}
, . e -
\{i( Gy e L—\s:ntr))
*LJJSF«U))L\‘S“LT))
o Sia e
()~

/3' 67 =% t_“‘—l} T oy = [f—d}(%) 4 = isiy (13:) i—][o)

& BT

(”)‘3 S
e cir y(“" 07)“ 2 (.’]L 17 007)

. "—L[w? #117]

\pX


https://v3.camscanner.com/user/download

(u)~>

Jd 7 = fl\ )i?
G e sfeps g
MM W" :2.1°>2 [0) ,MA_A!—
b 4D = il

) A
(5 AT 4 "19

i>~4 $ sy e gl

1

~ é/{w’fﬁ J_Iz_(ﬂ__;;,) lo D
Lé/ s
:\é—(li?~ 10>)

we Could rot-
& ‘ 17) Wf,u—w Sag'el wbed-
( (om = . > wn (ay hee o f
B e P heg 1"‘/[=7 (L

wea_-b—j:fl&.,w()
Giwe we @ “p el gL’ML
aids b3 : \17 w our votzdion( Lo U
| " -
5 PM]C?«nM thdamned (L7 W aﬂ@ mw#ﬂ/j
P = vl T+ wi |\ S“«L hi Cavek g=be wr e
0 8 Rt Jws Cay he—

4 (bhed Phq.e m oAl
dva prred
251 /\/o&; M ‘-i_:‘* =

3 Ao any arhy /”%m‘z o7 b ¥ s>+t b [L2
sk Ba  thdamaed (AT ails ay as b Ture
hj ‘{ll.‘_l/h -

l

-~
—_—
-

-/

2 e e

)


https://v3.camscanner.com/user/download

