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HOLOGRAFIY MANUAL

YT RODUCTION

Thié menual is designed to serve es u'basic guide in the holography
1a‘boi'a‘tory. It is by no mezns complete, nor is it infendcgi to be. Much
room is left fof individual.expcrimentation, end a bit of iregination is
necessary -for interesting hologra:ns.. Please read this entire menuel before
stertihg, and edhere carefudly to the remarks concerning the cere of the
eqguipment. |
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SETUP

Refer to the first tvwo armrings. Tight from the lzcer is first
spetielly filferci {mounted on thé laser) end then spiit into two beems.
One beam illuminates the subject, the other is diverged and unifor=ly
{11uminates the film plene (feference beam). Light reflected from t'he
subjec‘t (object beam) interferes with the refeience beam end turns the

£ilm into a hi v coxplex diffrzction grating - e hologren. ' *
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sETUP
" Wnile the secondjrequires orne =ore mirror, it hes the advantege thet

the subject is illumineted from neeriy behind the film pleane.
Two beam spllt..e*'s erc eveiledl , & wedge type (untoated), end 2
'4plane parallel SO 50 spliitter. Since the 50-50 s;plitter has parzllel

surfeces, it produces a2 secondary beam off the beck surface which, when

combined with the primary reflection, sets up a troublesome interference

pettern in the reference beem. The lens end masking tape serve to spatially

separete end block the seco*udary reflection:
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-The wedge splitter does no‘» heve this protlem. _

The spatiél filter is & device which cleans up the laser beam'. It
consists of .a.' lens which focuses the beam aom to & 100 micron hole;
. forsz in the beem will focus at = diﬁ‘erent‘/é:oint, thereby being bdblocked

ou{:
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Should the enmerging beem be snything but round, pley with the micrometer
positioning screws, These provide X-Y edjustment for the pinhole. Do

not gtterrt to adjust the lens,

SPABILITY
Movements of the optics by + wavelength (=bout 1500 A) will destroy

& holozran, so siebility is critical. The massive, foan mounted concrete
{teble provides e vibrationless, hard surfece to work on. All optics, the
subject, =ad film must te relizbly mounted. Don't use maéking tape, rubber
éement, vood, gum, etec. Tnese tend to creep during exposure. Even. con-

' veniio:al edjustatle lens holdgrs are merginal. Also, stay evay from
plestics end plexdgleass.,

The subject must be ecually steble. Wbere é-cubié errargement of
resistors will réliabl& stahd still résting on tpree‘resistor ieads, e
chesspiece with a felt bottom will not. |

Try setting up & Michelson interferometer gnd observing the ipterference
;mitérn, There should be no epprecietle fringe shift over a 30 secona
intervel. Stemp on the floor, shout, touch the taﬁle, ﬁave yoﬁr arms
over-it. Get en idea how sensitive it is to vidrations, air currents,
cte. N

The 1a$er need not be mounted on the teble, as long as it's reésonably

steble, (Wny2)

TAKING AN EX2OCURE

Arrenge o setup, either es elready suggested,or come up with something

——eno— .



:;vourccli‘. The reference beam showld uniformly cover t}ic film.planc. The
beck side of the film holder has a white sc.ré'cn 0;1 it for this purpose.
For best 3-D cffect, position thg subject es close to the film es poss;ible
‘without cesting e shadow in the reference beam._(usuall;v 3" to 5"). Meke
sure the gubject is fully illuminated., Now, ce.reftﬂ.]y remnove the film -
holder from its stend end slide the photometer i;xto the film plane.

Tﬁere are two gquantities to find, the beem ratio and total intensity.
The beem ratio is the ratiq of reference to object bean intensities
(expressed as B3:0B) shich is obtained by alternately blocking each beem,
: .A Anything from 1:1 to 1C:1 will work; optim’/éeems to be around 2:i to 5:1,'
"I’he totel intensity determines the l?ngth of exposure. This film reguires e @ee‘d
about 636 ergs/cm2 for a2 normal exposure, or equivalently, ééj-}ﬂ-f/cmg - séc.
The meter is calibrated in ;1W/c:n2. To find the exposure time, divide TT

2 L=

by the ictensity in ,uW,/cm?-. Ex.: If I= 0.5 pf‘?/ch, then T = %: B sec.

The exposure value is not too critical; enything frox 286 to 10 ergs/c:2
= <

-~ -

will work to varying degrees, bub ‘689 seems optimun.
An exposure can now be taken. Shutter the leser, set.the exposure
time, end twn out the lights. Remove one sheet of f£ilm frorm the bex,

close up the box, aad loed the filz holder. With the potch in the uprer

left-hand corner, the emulsion is towards you. Cerefully put the holdexr
back in its stend. Sit back a2 minute to let vibretions and zir curreris

die down, then expose the film.

DEVELOPTIG
_Deveioping is done in total derkness, Load the film into a developing

holder, and using the tiﬁscr, develope es {ollows:

1. 7 min. @ 20°C 1in D-19 developer, eqitate continuously

0 sec, stop bath

[AM]
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~ 3. 3 mnin. reptd fixer ‘('acitutc}‘\"
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., Vesh in running weter S min,

‘5. Pnoto-flo 30 sec.

6. eir dry |

Drying cen be spceded by using e heir dryer, but let the film drein for
;t lecest 60 sec. 5cfore epplicetion of warm eir.

The aevelopcd sheet should be rather light, unifoxrm, perhzps with a few
spots end swirls here end there. The lines which form the'hologram ere of
cqurse.invisible.‘ If the sheet is totelly cleer (bluish actuelly), then
&ou've probably lozded the film backwards.

- Developing times ere not too criticzl. The tempereture of the D-19
w311 pormelly sit st 20 - 21°C, so don't worry a.bout it.

‘Take care not fo contaminate the chemicals.. If you do, don't panic,
and don't blow it for others. Tell the T, A, end he'll.mix sqome more, Also,

keep the 1id on the D-19 tank when not in use., The developer oxidizes.

VIEVLG

Diverge the laser beem, end let it fell on the film et the same engle
as the origionzl reference beam, -Meke sure the emulsion is away from you,

end that the film is not upside down.. With any luck, you've got 2 holograz.

CARE FOR OFPTICS

i

It's essentiel to keep ell opticel surfaces clean eand dust free. Nothing

- is more frustrating then sLeing sonmeone's grimy pawprint on a lens or mirror.

It not only introduces noise, but skin oils are ve corrosive to optical
) _ P

surfeces.

Teke cere not to touch the film surface either. The heat from your
fingers causes the film to werp, and es it regains thermal equilibrium, it

moves,



TROULIFCHOOTIING

1. Yo app\arcnt exposure . . : ‘ \'
Film loeded backwards
Incorrect photormeter reeding
Incbrrect develéping

2., ZErposure fine,'no hologran

Something's moved - tighten ell stends, check subject stebility
Begn retio wey off -
3. Cood hologrem in spots, blenk in others

Film moved - ellow more time for film to stebilize, don't

touch film

Beznm ratio off (generally too large)

Exposure time incorrect

A FEW IDZiS

It's possitle to produce rore ?han one hologrem on & single piece of
filn by verying the angle of the reference been. Suppose two subjects are
to be hologrephed, GCo through the ﬁsual procedure for subjecﬁ A, but
expose it for only helf es long as usual. Then rotete the film ebout eny
exis et leest 30° end holograph subject B, egain for only half the normal
time; Keep teen retios low, gbout l?l to 2:1. Upon viewing, either subject
. A or B will cppear;-depending upon tﬁe orientafion of the reconstructing

been. | |

Even rmore interesting is the teéhﬁique of hologrephic intcrferometry.
Tnls is basicly & double hologram es described above; but of the same subject
-in two slightly different forms, i.e. a C-clemp stresscd and unstressed,
3} 1%cht buld cold and wamr, ete. Use your 1mcgihation.

As'en exazple, set up a frested light buld as a subjent, srith provision



that the filament can be heated to just below luminescence(~107AZ),
Tave half an exposure with the bulb cold; turn on the filarent

for a minute to let the bulb heat, tbew finirh the exposurz. The

A
resuliznt interlerence pa»»erﬁ on the rncowstrvctod imare clearly
shows where itherma2l expansion has moved the surface.

Eolograms can be easily duplicatcd in a sophisticated contact
printing process. Set up the hologram.to be cduplicated in the
norral viewing position and take a light reaiing just behind it
(viewer éide). Shutter the laser and slip a piece of filxz into the

holder behind the hclogran, emulsion forward:
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Upon exposure, the refersnce and object bzawms 2rs both auto-

matically produced, ¥ith some loss in intensity, vou should get
a good.duplicate. o

Until now, the virtual irxage has appeared behind the filnm
plane, as.seen By the viewer, A variation on the foregeinzg duplica-
tion process can 2ffect a translation in space, rrojecting the
irage out in front of the film, The effect is quite startling
and well worth the effort, |

~Start by setting up a zood hologram to view the real isage.
Next, set up the film planc a distance d from the hoiograﬁ, and

‘provide a referecnce be*ﬂ'
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the real imaze can be seen by the entire film plane,

3e sure
oraT

Evpose the film as ucual, and set up the develeped hologran to

b3

acain view the rezl izaze. The resultant irage is the real imoce

of the real inzze of the original’. subiect; this doudble inversion

process.restores the ncrzal appearance, During the procsss, the
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were originally 5" behind the filwm, =2nd d = 10, then ths finzl

(&4

inage would appezr to float 5" out in frent of the filz,



