PHYS 404/680
Midterm test (March 27)
This is an open book test, you can use the textbook and your class notes. This is ok to use your computer if
you are using the electronic textbook version, but you are not allowed to search for the solutions on-line or to

communicate with other people.
The questions marked with % are required for graduate students only.

Problem 1 (35/40* points)

Consider a four-level system shown. The reservoir level r is the ground-state. Upper level
@ decays into level b with the decay rate -,, level b decays into the level ¢ with the rate «,,

ay
! " o> and to the reservoir level r with rate «y}. Finally, the lower level ¢ decays into the ground
; j state with the rate v.. An electric discharge effectively ropopulates the state o at a rate
LI ¥ A
e {(a) Write down the equations for the steady-state populations of the levels b and ¢ in
7~ : the absence of any external optical fields.
fe (b) Assuming the atomic populations are fixed to the values you've calculated above,
v find the expression for susceptibility x(A) for an optical field, nearly resonant with the

|by — |c) transition. Here A is the frequency difference between the optical ficld and the
transition frequency. ‘
(c}* Show that depending on the values of decays and the repumping rate, it is possible to realize either absorption
or amplification for the optical field. Find the conditions necessary to achieve amplification.

Problem 2 (35/40* points)

In class we discuss the potential advantages of using “NOON” states for quantum enhanced measurements. Suppose
you are tasked with a charge of producing such a state with N = 3 photons, shared between two output of a beam
splitter. You have two options: send all three identical photons on one input of the beam splitter or send two photons
in one input port, and the third one in the second input port. In either case, the desired state (i.e. all three photons
ererging in one of the output) will be generated only in fraction of the trials.

{a) Calculate the probability to detect a NOON state {|3}0) -+ ¢/?]0}|3)) /+/2 in both cases. Determine the value of
the phase ¢. In which case the rate of success is higher?

(b)* Suppose that you have an unlimited number of single-photon sources and beam splitters. Construct a. possible
experimental arrangement to realize the N = 3 NOON state discussed above, indicating what kind of state selection
is necessary in which stage.

Problem 3 (30/20* points) :
Earlier in class we have discussed the classical second-order coherence function (2 (r) = (‘r(t){ (:)* ™, The quantum

analog of this function for a single-mode quantum field is 42 = -(Cz—;‘f;%)-
Caleulate the values of () for a number state [n) and a coherent, state |a).
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Probleas 2

r—— E - . = - i /l3 e p —p ‘f‘ P = 3 - e .
| 152= & a o> 122 = zafo>  [D=atfo>
T & e Y, 7

%) S i !

" a( 9 N o Ve
—
- _{ = - 5207: (La_g f‘?g/

2 A
! a3 R ‘Q{* = [4‘3 T"angf)

- —
|3>!_(0>o [Q*) 10>, |0> = iF‘_ (cl_z t‘td;\ ) lo>‘£1c>‘>3

[ S PR 2T P |
=i (@U@ Y + )y - 30ay) ) 1000, =

t - ,' |
2 ap e (1350 -lonsy) v 3% (12210 Lini2>)]

{13y =uori3o, % ¢ B
5 F 2 2 - ¥ 3\ = L‘2>2.U_>5_'_li>2‘j_2237} |

1z - k.
- == L/VC_MJ = = I i
e yeoN stote = -2 N

PY‘O\JD«\D\\C&W}[ 9‘; A(T3 N‘?él\] 2&&3& %WOM P%QM_D_-LL“_}

R o - @Y al loy o), =

%377, N zf (asl “‘{;) (Ww*@.) [0& >3 e

! A
=7 | iy -azy - Wy v al Jo>io>=

e

T E i) 4 G i)

ST \‘3’?56?‘3—*—:’{692—\—39; e
= = ) - "2) H>
I 1 i L \ Lo ine]
e = \/_xr ) = -
- - NOON  slate @ = e

Voo = 314 — wuch wiore @legf‘(;fle 1




6

(1> 14D
i d e 7,5'

b — o —

tu g port

A oo ddeke 1 ow%

. pos.{r—gd;gd;_ <t‘(;g Cages  whou o g»)(kﬂj’ol.d 7

| Problen 3 {
.y Katarda® 7
- | = <£ - /\‘ o B
- {VUMEU (?4&146 B : (n/él"‘rl/n,}z mn |
7 .  nlardraaln>- nia)
) VLA T
04 - e =1 5t

loloock ghbe  LAIGFALL> = I

B  Ldlararadfd> = ld?
v (2) 17 faue @l Jor
. — = § = = ‘
,,,,,, [ a4 elagsical felod




