
Classical bits : O orI

Quantum bits : 10) or 117
(qubit) "Ket O" "Ket 1"

or "superpositive" of 10) and 11)

147 = X = 10) + y
· /1) X

,yeR (actually can
x+ y= 1 be complex...)

e . g. (t)= (0) + 11)

12) =E 10 -E . 117



1x7 = X . 10) + y · (17
= X . (1 ,%) + y

. (0
, i)

= (X ,0) + (0, y)
= (x

,y)*
147 = cos(a) · 107 + sin(a) : 117

e . g. Ht) = E 10 + #11) = cost . 10) + in : 11)



Quantum Measurements
Given (x) = X . 107 + y . 117 (x+y

=
= 1)

we can "measure" it

w/prob x2 : "observe" O
17 becomes 107 "collapse of the wave function"

w/prob y2 : "observe" I
147 becomes 117

2 .g. measure It] = E107 +e 117,
observe O w/prob'
observe 1 /prob I

measure 1)
= E107 - El17

,
observe 0 /probe
observe 1 /prob

measure 107 always Observe



Quantum operations

One operation : Rotate( parameter

If (4) = cos() 10) + sin(a) It

moves it to# cosseta) 107 +sin Cato in



Elitzur-Vaidman Bomb Algorithm
qubit + go

bit Q: Is there a bumb?

BoX

Box is either (1) empty or (2) contains a bomb

If (1) empty , and we send (x) = x 107+ 117
nothing happens & 14) comes out on other end

If (2) bomb ,
if measures (4)

If observes O , nothing happens
(14) = 107 comes out other end)

If observes 1 , domb explodes



Classical strategy

If we send in 107,
no info

If we send in 117

and bax has bumb
S

explosion !



Quantum strategy
147 = 107

Rotate (1/4 , (7) (45
%)

Send 147 through box
Rotate (T1/4 , 147)
Measure 147 &

10If observe O , output "Bomb!
"

If observe 1
, output "Not sure"
rotate

If no bomb : 10-> cos(π(4) 107 + sin(T(y) (1) (= (t)π/4

->let-> 147 = cos([y) 107 +sin(T()/1]
rotate

# cos([/2) 107 +sin (2)/

= 0 . 107 + 1 . 117

: Always output "Not sure !
"



Tf bomb
-

rotate
107# Cos(#) 10) + sin() (1) = E 10+E1)

->kin be Toto
rotate

In first case : 107 10 +Fin
L observe,
= observe I

"Not sure!
"

w/prob ↳ 4

explosion "Bomb!
" "Not sure"



N = Input ("Safety level?") If empty
14) = 107
8 = (π/2)/N 10) rotatelcit->
for t= 1 ... N
Rotate (0 , 1x7)
Send 147 through box rotateey->
Measure 147 :

If observe O , output "Bond" rotate by 8 N times
# observe 1, output "Empty

1

= rotate by N .B = /2

At end 147 = cos(E) (07+eCE

= 117

:. Always see "Empty"



If contains bomb
10) resu 0 (14) = 107)

107t (14) = 107)

107 othea b-

If no explosion ,
final state is (0) : output "Bomb! "

Pr[explosion] = Pr [explosive at time 1] + Pr[explosion at time [] + .. -

Pr [explosion at time i) [Pr[COECJ = sintE2

Pr[explosion]-No sinCE)"



Pr [explosion] < N . (sin 6) " <N . E2

117
=NT= 25

#
i



Summary

If empty ,
100% chance to output "empty"

If bomb
, explosion w/prob 2/
otherwise

, output "bomb!
"

Uses O(N) time
A

Safety level


