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The possibility of complete experiment in holography is shown. 
The expression for. < I.{ x ) ·> dependence on polarization and 
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ar~ obtained, The E'!X:periment.s, allowing detectiori of full set of 
~rameters, ·defining the scattered photon, are discussed, 
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· 'It is known, that in the classical approach a coherent light 

wave is described· in ahy plane of an optical tract by a complex 

amplitude or a real amplitude and phase. In holography it can 

also be described by a real function· plus a known coherent 

reference wave /l-6/. 

However, one should know the intensity, wave vector k 
frequercy c,, and the Stokes parameters, characterizing a 

, polarization state, to describe a light wave completely. And the 

quantum mechanical approach is required for the description of 

interaction process. A brief review of theory of the complete 

experiment in holography is given below with quantum electrody-

, namical formalism as far as photon interaction (registration) is 

connected with the change of the number of particles. 

In complete experiment formalism the extraction of maximum 

information from experimental data depends · on the measuring· of 

full set of parameters, defining the system before and after 

interaction. If measured parameters are remaining values then 
'' • t• 

oper'::tors c<?mmutate with the Hamiltonian of the proce~s, so -~he 

unique_ interpretation of these data ,is possible. In general case 
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operators do not commutate with the Hamiltonian, it, therefore, 

appears that the amplitude and the phase of the interaction pro

cess are not reconstructed simultaneously. 

In fact, let us consider the detection of a scattered photon 

in a coherent state I u k ,,\>/?/appropriate to a pure one-mode state. 

Let an operator 

A(x)= I - 1-[;; 
k ,,\ y2 <u k,,\ 

lkx 
C e 

k,,\ 

➔ +e* + -lkx 
C e ] 

k ,,\ k,,\ 
(1) 

➔ 

correspond to a selected . state of photon. Here e k, ,\ is the po-

larization vector , ck ,\ ( c: ,,\) is the annihilation {creation) opera-
.. . ' ' 

tor of the photon with k (k➔• i<u ) mo!Ilentum, ,\ ~=1.2) polarization, 

<u is the photon frequency, normalization volume is taken as 

one. Write down the expression for the expectation value of the 

intensity at the space-time point {x) making use of the·· expansion 

of photon final state on the complete orthonormal set of initial 

states: 

J u k ',\, > f = I a If I u ,\>I • 
• I k, 

(2) 

where expantion coefficients are .· transition amplitudes ,'lfith phase 
I cp 

e 

➔ ➔ * 
ek;,\'e le',\, + I > 

I( x ) = , < u le',\, If ck~, ck,,\ u k;,\, f 
2<,)' • I 

lau 12 

=---2ru, 
2 

lu '"I <u, lu ,\> 
k•I\ k•" I k, I 

(3) 

This expression shows that the . expectation value of I ( X) ' is 
. . 

determined by amplitude transition square and the information· about 

its phase ·is lost in the process of measuring the scattering photon. 
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Then we shall demonstrate that "reference photon" in the 

registration of scattered photon enables us to detect the amplitude 

and phase of the interaction process. All the parameters characterizing 

reference photon. are suggested to be known. We shall analyze 

the measurement of two photons at the space-time point (x). The 

expectation value of the intensity, sum-ned over all possible modes 

is then: 

(4) 

a* 
u 

u*~,u ; ➔t;*~JlXPi [(k-k')X+(cp--cf>')]+ 
k k,,\k,,\....-, 

. ' . ' 

In the relation (4) the first hyo terms are the expected intensity 

sum of reference and scattered photons. The last two terms corres

pond to the interference between scattered and reference photons 

in the case they . are coherent, provided that phase difference is not 

accidental. The intensity modulated by the periodic factor is recorded 

by a detector. Mention that interference picture will remain steady 

for time intervals short compared with the frequency spread== -,-1-· --

and its effective size is"' 
1
J, _f f • From expression (4) on: - I)) 

may see that the complete experiment is realized within scalar 

theory since an amplitude and phase of interaction may be requced 

from the experimentally detected intensity. 

Further note that while receiving relation (4), we restrict 

ourselves to the examination of the pure state of photons, for which 
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I 0 k,,\ ; uk~A' >= luk,,\. >luk;,\' > • (5) 

In addition, the photon and scattering system state was supposed 

to factorize. 

If two photons are of the same polarization, then 

e'k,,\•-;:;,\' = Bkk'• 8,\,\' in expression (4). In general, as scattered 

photon polarization is not fixed, it can be defined as follows: 

➔~ d co 
ek',\' = k' 

➔ c1> d c2> ➔ c2> 
ek, + k' ek, (6) 

where dC1~ d ~2) 
k ' k 

are coefficients dependent on the interaction 

parameters and are determined by density matrix; 

p =<Id d* I>· 
lj I l 

(7) 

The expectation is made on scattering system parameters. The 

density matrix of the polarization state of photon p 

three real measured Stokes paremet_ers. 
' ➔➔ 

p = 1/2 ( 1 + t a ) , 

depends on the 

where 

and g 
3 

; ..:are Pauli's matrices. The measurement of g . g 
· · ' · 1 , 2 

paremeters allows us to determine the density matrix, and 

to reconstruct the polarization state of scattered photon. Really: 

gl ·= P11 + P::l + P12-P21 -
11 

g2 

ga 

=P +p +i(p -p )'....l 
11 22 12 21 

= 2p -1. 
11 

(9) 

,. t': 

The g 1 ,· g 2 and g 3 parameter measurements may be performed 

using polarization filters. The g i arid g 
3 

parameters' 'determine 

the probability of the linear polarization photon along the axis, 

the angle between them is equal to TT/ 4 , and g 
2 

determines the 

circle polarization probability. 
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Now examine the case when reference photon polarization': 

state is known and scattered one is determined by expression(6). 

Define unit vector as following: 
➔➔ 

[ k, k ' ] 

J[k,k']J 
c1, k' 1 
l[k. k'l 1 

(,> {IO) 

Let Id~> I be the probab~ity of reference photon poladzation along 

the axis defined by ; <k
1> , and Id <2

) I~ that along unit vector 
, k 

,_, -- i <;> , Id ~o I 2 
+ j <2

)]
2 = 1 • We shall find the scalar product 

; ,.;k',*.\, entering expression (4). Taking into account the 
k • I\ y 

definiti<:m of the unit vectors (10) we shall obtain: 

➔ ➔ * _ (1•) (11 (2) (2) [,,;k,,] 
d d * d 0 d * ek.\' ek'.\' - k, k' + k k' 

where 

and d~2> 

relations 

0 

(,> 

is the angle between k➔ 

and are l<:nown, but d < 1 > 
k' 

(6) + (9). 

and 

d c2> 
k' 

(,>, 

➔ (1) 
k' vectors, ,dk 

are found from 

{11) 

The result proves that, the scalar approximation is insuffici

ent for the unique determination of the amplitude and phase of the 

interaction process as the , expectation value depends on polari

zation states of scattered and reference photons and ; • ; =l just 
kA k'.\' 

only for the entirely coherent scattering with 0= 0 

It should be noted, that photon state in the momentum repre

sentation is defined entirely by 4 -vector k, and the Stokes 

parameters 'g and 1. The measurement of these parameters 

allows the complete experiment /
9

/ to be realized. Besides, the 

direct computation of the operator commutators of these values 
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with the Hamiltonian shows the conservation of these values in 

holography. That makes possible to interprete uniquely the 

experimental data, the phase resolution ~eing determined by wave 

· 1ength ,\ and the effective apperture R ( !!,.¢"' ~) • The 
R 

frequency w may be obtained using Michelson interferometer, 
➔ 

wave vector k' is defined from the law of conservation of .. 

energy-momentum and from the scattering angle measurement. The 

Stokes parameters are measured using the polarization filters. 
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