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RUSSTIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
cos cos
tg tan
ctg cot
sec sec
cosec cse
sh sinh
ch cosh
th tanh
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esch csch
arc sin sin~t
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arc tg tan~1
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arc sec sec™! 5
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arc sh sinh™1
arc ch cosh™t
arc th tanh~!
arc cth coth™t
arc sch sech™t
arc csch cseh™t
rot curl
lg log
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HCLOGRAPHY AND ITS PRACTICAL EMPLOYMENT

Corresponding Member of the AS USSR [Acadenmy ct Sciences USSR] L. D.
tekhrakh, Doctor of Physicc-Mathematical Sciences S. B. Gurevich,

Candidate cf Physico-Matheématical Sciences G. Ae Gavrilow

Hclography 1s an all-purpcse methcd for recording and
teproducing wave fields with the purpcse of revealinjy the necessary

information toth on an cbject which is a4 radiation source and on the

nature of the wave field.

The 1dea of a holographic method fcr reccrding and restoring

images was first proposed in 1948 by the Englishk scientist D. Gabor

who, in 1971, was awarded the Nobel Prize fcr Fhysics for this
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discoverye In the Soviet Unicn the first wcrk cn holography was done

Ey Yuo N. Denisyuk from 19S5¢ to 19¢2.

The development of the holographic method was aided by the work
cf N. G. Basov, Ae M. Prckhcrov, and Che. Tauns, which led to the
creation of a powerful coherent radiaticn scurce - the laser. This
¢iscovery permitted the American scientists E.Lieth and Yu.
Upatniyeks [as transliterated] in 1962 to cktain the first laser

hclcgrams of diffusely reflecting objectse.

Ir recent years interest in hclegraphy has sharply grecwn all
cver the worlde This is explaiped by the fact that it opens
fossibilities for sclving prchlems which cannct bte solved by any
cther methods, or that it permits obtaining the necessary results

rore simply and effectively than by cther ways.

Tihe practical uses of holography are sc veried that tc examine
all of them in one article is impossible. Therefore we will dwell cn
cseveral of the more urgent uses where the mcst typical properties of

the holoyraphic method are used.

As is known, with the aid of holography we can reproduce truly
three-dimensional images of objects, and also three-dimensional

representions of phenomena and processes which cccur in a specific
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volume. Of course, it is mcst natural tc use this property in image

techrnology, television, and the cirema.

The work of Yu. N. Denisyuk tc a signiticant degree aided the
accomplishment of the pcssitility for using hclcgraphy in image
techrnology. The method which he preoposed fcr recording holcgrams in
three—=cimensional media simpliries the process cf restoring images
trce such holograms, since the imayes can te cktained in white lignt.
These holograms can be used icr training-demonstration purfposes, in
rhe advertising business, in the constructicn c¢f artistic panoramas,

in the designing of exhibiticns, etc.

L

The use of holecyraphy in televisicr 1s asscciated with 3
substantial difficulties; first of all in ccnnection with the
necessity to coordinate the tremendous volume c¢f information which is
ccntained in the holograw with the thrcughput capacity oi televisiocn
systemc; also, secondly, because of the alsence at the present time 1
cf receiving and transmittirgy devices which are suitable fecr 4
hclcgraphic televisions 1f a lb1oadcasting hclcgraphic televisicn

system is a matter cf the ccmparatively distant future, then

holegraphic systems of closed-circuit televisicn can be created in

S———

the near future. These systems are iudispersabkle in all cases where a |
three-dimensional orientaticn is needed, for example, in work with

ranipulators in nuclear industiy or with the deccking of spaceships.
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The creation of three-dimensicnal cinema is also connected with
cvercoming substantial difficulties - citaining large-size heclcgranms,
their projections without distcrticns, with the holographing of
full-scale scenes, etc. Hclcyraphic rmovie systems in which an image

is ckserved by a smwall number ot spectators, tcr example in aircraft

trainers and in instrument landipg systems cf aircraft, can be
realized ccmparatively simply. In the latter case the pilot sees
alterrating three-dimensicnal images of the landing strip which are
restored from the holograms and seqguentially shcwn cn command from a
computer. The computer wcerks together with a radar station and
accomplishes a change in nclegrams in accordance with the position of

the aircraft in spacea

The ability of holocrams tc reprocuce three-dimensional images
is also used in various fields of science and technology. Here it
fermits conducting a pcesteriori prccessing cf the results for the
entire volume studied from cne single hclogram, which is especially

important with the investigation cof rapidly-prcceeding processes and

Fheéncmena. This processing cf the results cit investigations prcvides
the possibility to cain both in the time fcr ccnducting an experiment

and in the resources which are reguired for this. For example, under

conditions of a labor-intensive and expensive cxperiment on
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eerotallistic routes frer a single hclcgrar made in one experiment we
can obtain, using all ot the known methcds cf visualization of rhase
cbjects (Fige 1), any number ot photcs which detect details in

various points of the olject.

TLe processing of hclcyraphic images is widely used for

analyzing particles which mcve in & specific vclume (holographic

disdrometrv - Fide 2)e We can "ifreeze" the particles and then
sequer analyze the 1mage in its various cross—-sections. Thus, a
chec oulent ligquid jets 1s accorplished, aerosols are studied,

the jrocesses in the internal volumes ci streau-driven turbines and
the internal combustion chambers of encines are observed, and the

grewth and breakdown of vapct drcps are investigated.

The holographic method permits simplifying the equipment tor
recording tracks in bubltle chawbers and, it certain cases, increasiug
resolution. The experiments for recording tracks (Fige. 3) showed the
possibility for increasing the "“chargye" of chamlters (recorded

events)and, consequently, the effectiveness of accelerators.

The property of a hologram to reprcduce three-dimensicnal images

cf an object which is positioned in the field cf action of acoustic
vscillations opens frosrects fcr creating ultraphonoscopic systeams.

Ihe specifics of accustic nclography ccrsist cf the use of
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comparatively large wavelengths and, as a result, linear detectors.
This pecruwits discontinuing the introducticn of a reference beam in
the plane of the receiving antenna and intrcducing it by an
electronic methode Since the restcoraticn of accustic holograms is
accoempliched by visible light, the visualizaticr of acoustic images
is thereby conducted; hcwever, heire the prcelem of minimizing
distortions caused by the great ditterence in waves of ultrasound and

light arises.,

Acoustic holography is premising fcr sclving prcblems connected
with uwltrasonic flaw detecticen, for investigatirg the structure cf
the earth's crust, and for searching fcr mineral resources. No less

imfortant is its employment in cceancgraphy and sconar detection.

Tk

o

te is particular interest ip accustic hclography for
redicinc. Ultrasound is more sensitive to a charge in the
characteristics of specific tissues thar X-ray teams, and with
goderate intensity is harmless. Therefcre, we can lcok forward to
using holography for three-dimensional viewing cf anatomical
structures of bone and soft tiscues, fcr ctserving the internal
crgans of living objects, and for recording pathological changes.
Unfortunately, the majcrity ct work in this field of acoustic
bclograpky has not yet Jeft the cenfines of lakcratory

investigations.
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In the range of comparatively lcng waves which are used in radio
and acoustic holography, a method c¢f synthesized aperture can ke
realized which substantially increases the resclution of systems. It
first acquired development in radar. The essence of the method
consists of the space-time processing c¢t signals which are received.
A hologram is fcrmed seyuentially according tc the mutual mcticn cf
the cbject being studied and the receiving anterna. If the antenna is
installed cn an airplane, then the rescluticn ir the restored image
will be determined not by its physical dimensicns, but by the length
cf the route traversed by the aircraft, iec., ty the dimensiocons of
the radiohclecgram (Fige 4). For resclution cn the terrain, radar
systems with a synthesizd darerture are compdrakble with systems cof
aerial photoyrephy and, at the same time, have significant advantages
cver them: all-weather capabiliity, obktaining irages at a great

distarce from the carriere

The synthesized aperture method can be used ter mapping the
earth?s surface, for glacial and geophysical surveillance, and ih
agricultures. Its use for srace research, fcr example obtaining radar
rags of planets with optically impervicus atmcsphere (Venus), is
extremely rromising. Synthesizing an apertire cen be accomplished

kecause of the movement of planets. It is precisely in this manner

oo o e
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that an exreriment was accomplished, as a result of which a radio
image ot the moon's surtace was obtained: the transmitter and
recelver were positioned con the earth, and synthescizing was

accomplished because of the movement of the mccr (Fige 5)a

Hclograms very often tind employment as a rmeans of transfcrming
wave fronts. Specifically, hclcygrawms are used as optical 2lements: a
lens, a grating, and correctors. The fccusing fproperties of zonal
pletes which are a hologram of a pcint source ard a flat reference
wave are well known. On one photographic plate a multitude of
holograms (up to 1000) c¢t pcint sources can be reccrded. These
hclograms possess an unusual ability tc simultaneously reproduce a
large number of identical images and can be used, for example, in the
technology of producing microcircuits, in cptical systems for

rultichannel information prccessing, etca

Holograms can also be used as nonccentact templates in the
techncloyy of microelectrcrnics (these templates insure resoluticn cn
the crder of 1 um on a surface cf up tc 50 mm, they do not suffer
frcm the impact of particles, and do nct wear dcwn), and for
frcducing diffracticn gratings. These gratings are simple to obtain,

and have large size and high diffracticr efficiency - up to 90 o/0.

The transformation c¢f wave fronts with the aid of holograms
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cpens a unigue possibility to obtain guality images despite the
distorting action of nonunitform and scattering media. For recording
the imagyes under these conditicns twc froperties of a hologram are
important. First of all, ir the case of the passing of reference and
ckject waves of one or ancther nonunifcrmity, the hologram proves to
te urdistorted; secondly, the passing cf a wave sequentially through
a medium and a holoyram of the given mediun gives an undistorted wave

frente

The use cf holography tor trarsftorming wave fronts is promising,
for example, for eliminating the ettect of ncnurniformity of the
atwesplere on an image cf space objects, ard fcr compensating

aberrations of optical elements ana systems.

liclography can be used in interfercmetric investigatiocns. Here
it perwmits accompliching interference cf wave fronts which exist at
various moments in time, and also studying cbjects with complex form
as much as 1s desired. The greatest popularity was obtained by the
method of double exposure ana 1nterfercretry in real time. In the
first case, tvwc difterent states of cne or ancther object, the images
¢f which interfere during restoration, are reccrded on a hclogram;.in
the second - the observaticn of an okject in various states is

conducred through a holcgram in the presence cf a restoring beam.
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Hclographic interferoretry is used, specifically, for
investigating vibrations (Fige & gives interfercgrams of vibrating
turbine blades)o. This has great practical value for nondestructive
quality control of parts. Noudestructive quality control of articles
in industry is based on the widely distributed holographic methcds of
investigating deformaticns. So, 1ir the United States a device was
developea for checking the 1ntecgnal defects of automobile tires which
detects any internal defects: tupbles, flaking, etc. (Fige 7).
Belegraphic interferometry permitted a sukstantial expansicn of the
study of phased objects. It 1s being successfully employed in

aercdynamic investigaticns and in plasma physics (Fige 8)e

Tlhe ability to record a great amcunt cf information in
conjunction with the possibility of its more rapid read-out permits
us to successfully use holcyraphy tor creating memory devices for ]
various tunctionse. The advantages of hclographic memory devices are
high density of the recording (up to 1C&-1C9 kit/cm2), low
sensitivity to micrcdefects of the carrier and to contamination in
the place of recording (the recording ccrrespcends to each element cf
the stor=d information not in a specific pcint cf the hologram, but

in its entire area), the absence of intermediate optics (which

| substantially simplifies the structure cf the system and its
i adjustment), low reguirements for accuracy of the placement of a

! transparent beam on a holeyram (since even a part of the hclcgram
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recstores the entire image), the absence of scanning devices,
cenvenience of operations with sanples (because all of the restored
images from a matrix of the holoyrams are fcrmed in one and the sanme
place).,, and the potential pcssibility fcr acconplishing a recording
ct information in a three-diwmersionral medium. In this case the
density of the recording can reach 1012-1013 frit/can3. These devices
will find use first of all in computer techknolcgy. There is a basis
tc assume that they will be widely used fcr creating fixed and

immediate-access storage cf computers.

The advantages of the hceclcyraphic methcd fcr storing information
can be successtully realized for recording television and movie
Frograms on a special film with the sutsequent reproduction of an
imaye on screens of normal televisicn receiverss This systen,
apparently, will be simpler ara cheaper than other systems of video

tecordinys which are intended for mass consumpticn.

Helographic methods in ceonjunction with methcds of coherent
cptics open wide possibilities fer supplementing the means for

cptical processing of infcrmationa

The ability of holcgrams to transfcrm cptical fields and reccrd

cimultaneously their amplituvdes and phases permits the creation of

different instruments, specitically analog devices for detecting or
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aiftercntiating images (automatic reading cf printed text, detecting
the desired images cn the terrain phectcs - aerial photo
reconnaissance, aerial phctc inspection, aerial photo geologic
[rcspecting, etc., dutomatic dactylosccpic search - identification of

complete tingerprints, €tcCa).

A more complex proolem is the reccgnition cf images. Here each
cf the pessible classes of images (fcrre) is described not by one
rreviously—-known realizaticn, lut bty a multitude of random
[realizations]. The pasis cf recogniticn devices is a multichannel
cptical correlator which uses twc-dimensional hclcgraphic screens.
The scope of the problems which are solved Ly these recognition
devices is extremely wide: the identificaticn cf various objects
according to their image, the recogniticn ct wanuscript text, the
automatic analysis of aerial photographs with the purpose of
detecting objects ot desired classes, tle reccgnition of chrcmcscmes
and cother microbiolcgical objects, the dactylcscopic analysis of

incomplete and distorted fingerprints in criminclogy, €tce

Experiments showed that holograghy can be successfully used with
the recognition of different kinds of signals, fpreliminarily
transformed into images, for example with the recognition of vcice or

hydroacoustic and radar signalsas

e e L R et
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We should note two pessibple uses cf hclography in autcratic
control systems with optical ties for stabilizing objects by means ot
tracking their imagje or for navigaticnal tie-ir of aircraft by using
visual reference points (the imagye of terrain, stars, the image of
rarts ot the surface of rplanets, etc.), which is of exceptional
interest for purpose<s of space navigaticne. The solution to these
prcklems is connected wirh the use of matched hclographic filters.
Calculations show that such filters insure an extremely high accuracy
ct stabkilization or tie—in which is fpractically unattainable by other
neans. The process cof tracking an image is reduced to tracking a
tright spot cn the output ot the filter which ccrresonds to tue
maximum of a function of automaetic correlation cf the input image.

fuch devices are now in the stace ¢t experimental investigations.

Presently the work in the tield of holcgraghy and optical
rethods of processirgy information has attained a level on which the
guestion of introducinyg the results intc practice arises with all
UCyenCye. The basic difriculties in the path of realizing the
fossitilities of tne helcgraphic methcd are ccnnected with the
€lement and instrument ftase cf holcyraphy. Fundamentally new devices
and 1instruments are needed tct input and output of information, as
are modulators and deflectcrs ot light, holcgraphic devices, and
their elements. We need to create a wide assortment of

highly-sensitive materials fcr reccrding hclograms which permit the

i Bl bty
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accomplishment of repeated trecirculaticn of infcrmation and expanding

the assortment of lasers which are designed for use in holographic

devices.

Fcr coordinating wcrk in the field of holc¢raphy and cptical
rethcds of processing intorwaticn, the Scientific Council on
Eolography was organized with the Pepartment ot General Physics and
Astroncmy of the Academy cf Sciences USSR which contains four :
sections: cptical hclography, radic and acoustic holography, optical
methods of processing intorwmaticn, and rececrding media and means of
holcgraphy equipment. The Ccuncil compcsed ¢ plan and programs for

investigations in the field of uclcygraphy fcr different periods. The

successiul accomplishment of these investigaticns will, to a
significant degqree, depend on the jcint effcrts of the institutions
which are heading the wcrk cn holography, end will make a substantial

contributicn to scicntific an@hechnical prcyressa.
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1. 2erodynamic investigaticns with the aid of holography cn

balllstic trajectories: 1 - Schlieren photcgyraph, 2 - blade from

rehind, 3 - blade from in frent, 4 - blade frcm below, 5 - defccused

filament; 6 - interferogram ot uisplacement, 7, 8 - interferograms

from
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two hclegramse.
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Fige 2. Holographic disdrcmetry: 1 - a jet cf liguid spray from a

swirl rozzle, 2 - image of floating buktles in liquid.
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Fige 3. Restored images frcm a hclcgram () c¢f a freon bubble chamber
with a volume of 0.7 liters. M - a dull scatterer, 1, 5 - reference
wires and their restored images, 2, 3, 4, 4' - the rlanes of
restoration and their corresponding true images of tracks cf
€lectren-positron pairs, fcrmed with the ccuversion of y-quanta,

E,~10 Moy, 17
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Fig. 4. Radar with synthesized aperture: 1 - principle of

operation

cft the locatcr, 2 - optical recording ctf siynals frcm the terrain in
the locator, 3 - restored image of the terrain.
Key: (1) Length of synthesis, (<) scanning zonca.
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Fige 5. Image of the lunar suriace. 1 - radio image, 2 - optical

ill.‘d ]2

Fige 6. Investigation cf the vibraticns of turktine tlades.

Key: (1) Hz.

Ao
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Fig. 7. Interferogram of an automobile tire (the arrows show
defects which have been detected).

suilling
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Fig. 8. Holographic interfercmetry: 1 - interferogram of a pulsed arc

charge of a laser pumping tube in the cathcde region, 2 -
interterogram of a snock wave and plasma fcrmed with electrical
explosicn cf wire, 3 - interferogram ct the grcwth process of a

crystal frrcm ar agqu<ous scluticn,
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