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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERA TION SYSTEM

Elock Italic Transliteration Block Italic Transliteration

A a  A a A , a P p p p R , r

5 6  B, b C c  C c  S, s

B e B S V , v T i T m T , t
r r • G , g Y y Y y U, U

D , d ~~~ 
F, f

E e E a Ye , ye; E, e* X x X x Kb , kh

~ Zh , zh L~ i4 LI s~ 
Ts , ts

3 ~ 3 1 Z, z ‘-~ V Ch , ch
vi ~i H I’ I, I W w III w Sb , Sb

~ I’l fl II Y , y L4 w, LII sq Shch, shc h
-~~~~~ K , k ~ S

/7 £ L, 1 bI~~ W ~ Y, y

: 3  M a  M , m b b  b ~
H N N , n 3 3 9 1 E, e

o 0 e  0 , 0 ~~~ ~ Yu , y u
-‘ /7 ~, F, p 2 1 Ya , ya

*~~~ initially, after vowels , and af te r  ~~~, ~ ; e else e.
When written as ë in Russian , transliterate as ye Oi
The use of diacritical marks is preferred , but such marks
may be omitted when expediency dictates.

GREEK ALPHABET

Alpha A ~ a Nu N v
Beta B B Xi E

G amma I’ y Omicron 0 o
Delta P1 11 it

Eps ilon E c Rho P p ~
Ze ta Z ~ Sigma Z a S j

• Eta H Tau T
Theta 0 8 $ Upsilon T u

Iota I t Phi • ç •
Kappa K SI c a Chi X x
Lamb da A A Psi. *
Mu M ~ Omega w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russ ian English

sin sin

cos cos
tg tan
et g cot
sec sec
cosec cs c

sh sirih

ch cosh
th tanh
et h coth
sc h sec h
csc h csc h

arc sin sin~~
arc cos cos~~
arc tg tan~~
arc ctg cot~~
arc sec sec 1

arc cosec csc~~
arc sh sinh~~
arc eb cosh~~
arc th tanh~~
arc eth coth~~
arc sch sech~~
arc csch csch 1

rot curl
j
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t
R?QUT R?H!WTS FOR HOLOGRAPHIC PHO?OGRAPHTC NAT !RIALS

I. S. Barbanel ’, F. I. Krupitskiy

- 

Holographic ievices are finding increasin g use in i if f e r en t

fields of technology. However, despite a large number of studies , th~

proble. of optima l preparation of holograms has not been resolved .

Optimizat ion of the hologram prepa ration process is broken tIovn into

two problems : a) synthesi zing the optimal photogr aphic mater ia l, b)

selecting the optimal recording regime tot the hologram in which its

parameters will hive the  best values on the existing photographic

material.

It should be mentioned th at strict formulation of the

I
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synthesizing proble. is an extremely complex mathemat ical prob lem.

Thus, in the present article this problem is analyzed only

qualitatively. Ravertheless , the qualit at ive idea s presented here may

be useful in solving the synthesizing problems. Horeover , in the

present stage, while there is still no strict solut ion to this

problem, these ideas say also be useful in obtaining photousterini

material. In the present article the following hologram pa rameters

will be considered : a) diffraction effectiveness , b) interfer ence in

reduced field , C) nonlinear distortion, d) cont rast in reduced image.

Tat us write the main relationships for the processes of recording

and reducing holograms.

• We will assu•e that  the referenced and subject waves in the

photographing plane can be represented in the for , of:

(1) 
(a)

(b) A,.~~ “.

Then, exposures during preparation of the hologram are expressed

by th. relationship:

(2) H(ar ; .)_H.[1+ ~~~~~ c s ~ (s; v) +

vhege $(~~ y) • — ç, (a~ fl ; 
— exposure created when the

refasasa ~~~~ s1~~~ c t s  t be pbe%ocar r i.r.

• FTD—ID(RS)I—0159—77
LI
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p
The a.plitude transmission of the prepared hologra, can be

represented in the form of

A ’(a~~ ) 2A (s; y)  S(3) T(x; Y) _ F IH(x; M) J_ F { H . [ 1+  A; + A,

wher e function I’ is determined by the t ype of the characterist ic

curve of the photocerrier. !xpression T(H) is called the optical

transmission function (OTF) of the photocarrier.

rn reducing the prepared hologram illumination is achieved by

the subject or reference beau — (la) and (ib), respectively. In the

first case the subject wave is reduced (holography, tnterfero.etry),

in the second — the re ference wave (optical filtration)*.

IFOOTWO?F: It should be mentioned that in optical filtrstion the

aiplitud e of th. reduce d field is proport iona l to A’(x: y)’. F$D

POOTlO?! J

I. reality, sinc, the fuaction of amplitude transm ission t (R)

can be •zp.ad.d in the Fourier series with respect to aaqle ~:

PTD—ID(Rs)I~o1$59..77
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T(x; y) C.(z: ~) + ( ‘, ( x: y)~os .s$(z; y),

where

C,( z; y) = ÷ A ’(x; y)  
÷

2A’(z; v) cos$1}eoe Is*d .

then we get:

(Sa)
C,A.e~ + ~~~~~~~ ‘ + A.C,e ’1’~’ ~~~~ +

£... .~,... 
a~~ C.A (z; y) I ~~~P~+A,C,e~~+...

(Sb)

Comparison of (5) and (1) shows that only the secon d components are
useful:

— At 1(x; y) e~ ’~~;

= A, (z; 1) C,(x; p)e~ .

Prom relationship (Sa) and (5b) it is apparent that the

parameters of the r educed image can be characterize d with any degree

of accuracy by a set of coefficieita 1 C.., which depend on the form of
the 0?? of the ph~ tocarr ter (funct ion F). a~~1itude distribution of

the subject bea m with respect to coord ina tes, relationship bet ween

the .mplitedes of the subject and reference beeme.
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4

Wow let us see what the 0?? of the photoca rrier must be in  order

to create a hol ogra, with optimal parameters.

Diffraction Effect iveness

Diffract ion effectiveness e is det ermined by the expression:

wher. the light flux which corresponds to the f i rs t  d i f f r ac t ion

ard he light flux incident on the holoqraa.

Prom relationships (Se) and (Sb) it follows that • is

proportional to C* 1, and thus diffraction effectiveness grow. as

coefficient C, increases. Consequently, we can assume that the best

0?? has a rectilinear shape (see the fi~~re).

If the range of exposure change lies within the limit s of the

linear portion of the characteristic (regime without cut-off), then

ii
C,’— IZS sad
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Greater diffraction effectiveness can be achievel if we use one-

and two—sided (see figure) cut—off. Here we get, respectively:

C~” “0,3, C1” — 0,31; ~~
“ = 9%, ~~‘“

With a two—sided cut—off we get the so called binary hologram. In

working with the linear characteristic and when all of its linear

portion is used, the slope of the 0?? toward axis B does not affect

the d iffraction effectiveness value.

rt should also be mentioned that the linear portion of the T(ff)

characteristics determines the dynauic range of change in the

amplitudes of the reduced field. If we are to be able to use the

advantages of the cut-off regime then the 0?? must have an AR segment

of sufficient length (see the figure). However, in registering with a

cut—off, in view of the nonlineari ty  of the  registering process,

nonlinear distortion develops. (Its magnitude depends on the

coefficient of expansion (4) — C1; C,, etc.).

Int.rf.r.nçe In Reduced Fields

Interference in th. reduced image is the result of three

factors: granularity of the layer, scattering within the layer, and

uneve n thick ness of th. carrier (‘phas e interferenceN). The effect of
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• g ranular i ty  on image qualit y can be det ermined by the Goodman formula

(1):

— C,)CJ,(7) I.=

where I. is noise intensi ty at distance z from the hologram; —

wavelength of illumination source; I~ — illum ination intensity : A~ —

mean area of emulsion grain ; S — area of hologram.

Then ‘he “signal/noise” ratio with only the granularity

considered in the case where a hologram of a quasi—point oblect is

reduced , is expressed by the formula:

C,’(8)

In order to insure the maximum “signal/noise” ratio determined

by (8) it is also desirable to have an OFF of linear shape , since in

this case coefficient C1, which determines the useful signal,

increases considerably in comparison to the case of the nonlinear

0??, while C 1(1 - C 1~), which determines inter ference, rema ins

virt ually unchanged. The ma ximum “signal/noise” ratio is ach ieved in

this case by using the cut—off regime.

To red uce pkaae inter ferenc e” during th. preparation of

I
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photocarriers designed for the product ion of holograms special

measures must be t aken  to assure stability in the th ickne ss  of t he

ca rrier . We know that according to this criterion photoplates

produced on glass of high optical properties have the b~st

indicators. Although the phase interfer ence of the holograms can he

reduced by using immersion during reduction, this aethol is quite

inconvenient in practice.

Nonli near Distortion

Wonlinear distortion can be broken down into two components: a)

distortion of ampl i tude distribution in diffr acted beam of first

order (subject wave); b) superimposition on useful image of

diffracted beams of higher orders. In the hologram reduction process

cases are possible where only the first comp onent or wher e bot h

component s are present.

Minimum amplitud e dist ortion is achieved in two cases: a) in

preparing holograms with a diffuser, ir which case amplitude A of the

sub ject bean is independent of the space coordinat e and distortion

does not develop: b) in using the 0?? of linear shape, where

nonlinear distortion is abonat if registering is done in the  regime

without cut—off, since C.~~~O for a 2, 3 , 4. . .

j a
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If the  cut—of f regime is used, which leads to a s ignif ica nt

increase in diffraction effectiveness, nonlinear distortion grows

sharply. This cannot be tolerated when precise reduction of the  fiel d

is required. However , for holograms wit h diffusion this regime is

very advantageous, since it results in increased diffraction

effectiveness without amplitude distortion.

To minimize amplitude distortion a photocarrier must be prepared

which has a 0??’ with a linear section of ma x imum length to assure

• linear registration of field amplitude which vary within a broad

range.

In preparing holograms with a diffuser it is more convenient to

use a photocarrier with the 0?? shown in the figure, since thi s

assures a cut—off regi me and maximum diffraction effectiveness with

no amplitude distortion.

The second component of linear distortion — superimposition of

• higher diffraction orders — leads to a redistribution in field

amplitudes in the first diffracted beam. The analytical expression

tsr f ield seplitades of higher orders is provided by coefficients

C.(.s~~~2).
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In using the linear characteristic and working within the limits

of the Unsex portion, nonlinear distortion is absent (since in this

case C. 0 for a ~~2).

Contrast of Reduced Image

High contrast is important in recording weak signals, whe re the

amplitude of the subject beam is low. In this case the optimal

photocarrier is one with maximal 0?? transconductance in the small

exposure range. If simultaneously we limit the distortion level of

the reduced image , then the photocarrier must have a 0?? of linear

shape in the range of small exposures. The form of the ~fP in the

large exposure range for the given case is not important.

.3.nsitivity of Phot ograph ic Material

sensitivity is a characteristic of th. photographic ma terial

itself , not of the hologram. u g h  sensitivity is particularly

important in the case of a weak signal. & resume of recommendation s

of selecting the for m of the 01’? of the photocarrier as a function of

I
• •
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hologra m requir ements is prese nted in the table.

Conci usions

Hologram paramet ers , optimi zed by select ion of the 3?? of the

photocarrier , are contradictory . As a rol e it is not possible on one

phot oca rrier to achieve the optimum of all hologram pa rame P ers.

Therefore we recom m en d three main type s of 0??: 1) 0?? wi th  high

transconductance in the range of small exposures— for the case of a

weak signal; 2) piece— vise linear O’l’? — to achieve maximum

diffraction effectiveness; 3) 0?? wit h an extended linear port ion —

to assure a large dynamic range.

• Consequently, the linear 0?? is optimal for many hologram

parameters, although the length and slop, of the linear portion are

• changed in keeping wi th the specific in dividual  problem encountered

in registering holograms.

Specifically , is registering several holog rams on a singl e

pbotocarrier it is also convenient to hsv e a photocarrier with a 0??

wh ich baa a max imal linear sect ion along the H—a xis , since this wi ll

assur, optimal registr ation of the field with respect to many

parameters with a broad range of change in asplit udes.
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Figure. Regim, for registering amplitud e hologrus. wit h cut-oft :

teeaiIsl (a) • one- sided (b) • sad vitho* out-eU (0.
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Table. Conditions for  obtaining best basic parameters for thin—layer

a m p l i t u d e holog rams.

• Key: (1) Wo. in order , (2) Paramet er , (3) Requirement s f or

character istics of photographic material  and registering regimes, (Il)

0??, (5) characteristic curve, (6) registering regime, (7) other

requ irements , (8) Potes , (9) Di f f rac t ion  effect iveness, (10) W i t h

• two—sided cut—off, (11) Maximal effectiveness — lOo/o (wi thout

cut—off — 6.250/0), (12) “Signal/noise” ratio, (13) The same, (14)
Minima l dimension and scatter. Constancy of optical thickness of

photographic material, (15) Tn selecting 0?? only interference

resulting from emulsion grains is considered, (16) Wonlinear

distortion: a) amplitude distortion in first order, (17) Without

cot—off, (18) In holography with diffusion and preparation of phase

• holograms there are no oblects, (19) b) level of higher orders. (20)

The sase, (21) Sensitivity, (22) On initial linea r portion T ( H ) , (23)

Important for wea k signals, (2$) Contrast of redu ced image , (24a) The

same , (25) ainimal grain dimension and diffusion, (26) 1. I mportant

for weak signal. 2. Longest frequency—contr ast characteristic is

important , (27) Resolution of three—dimensional frequency , (28 ) The

same, (29) The longest frequency—contrast character istic is

important .
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