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CHAPTER 4

PRACTICAL USES O INFRARED PHOTOGRAPHY

L.l Infrared Rays in General Landscapes Photography and some Appli-
cations.

In 1890 0.N. Rood published curves showing the high reflec-
tivity of leaves ih the extrene red.

In 1911 R.VW. Wood was the first photographer who had used
the special film and liquid filter for the spectroscopy of extreme:ved,

In 1924 W.H. Wright nade the first long-distance photographs

which showed the superiotity of the infrared in ponetrating atmospheric

haze.

Relative haze ef—ﬁ-e.-;l"

5,000 6,000 7,000 8,000

5

Vavelength in A,
Fige4.l Curve showing relation between haze and wavelength.

Few years later M.Hugon made the long-distance photofkbph.
He used the film which was sensitized in 5,700 A and 8,300 A wave -
lengths. He concluded that the ohjects at a distance of 200 km. appeared
quite clearly and snme‘occaaion when the visibility was 40 kn, it was

increased only to about 60 km.
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N.H.Mohler repecated and extended the deterninations of
Hulburt the results agreed with those of Hulburt and showed good
agreement with Harrison's calculation.

In 1934 W.Clark studied the possibility of increasing visi-
bility through fog at sea using infrared photography, the results

agreed essentially with those of Hulburt and Mohler.
%.1.1 Landscape Infrared Photography.

The acknowledgement of infrared radiation and visible rad-
iation .eften are reflected and transmitted quite differently by
common objects. For example, chlorophyll in live green ‘faliage and
grass absorbs a large percentage ol the visible radiation which falls
upon it but absorbs little of the invisible infrared radiation.
This radiation is rcflected almost entirely by the leaf and blade ..
structure, and therefore is recorded by means of the infrared sensitive
material. Then ‘feliage and grass should appesr white in an infrared

photograph. The objects in which do not reflect strongly in the

infrared will appear dark. MNany types of soil, rocks, and sand also
have high infrared reflectivity, hence their infrared photographs
should appear lighter. Ordinary photographic materials render blue

sky relatively light, that is, there is little infrared radiation is
present in blue sky, then the infrared materials should render it dark.

The following are landscape photographs:-
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No.L=5 is an erdinary phetograph.

Ne.L-56 is an infrared phetegraph sheowing white clouds

against dark sky and a prominent scenes of distant subjects.



Noe. L = 7 is en ordinary phosogrsph with strectural

lines not sharply defined compared with Mo. L =« & onfl Ho.L = 9,

the infrured photo.raphase
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44142 Fog and Haze Penetration.

Yhen a distant scene is photographed with the usual photographic
material, object details are often obscured by haze even when a filter
is used. Consider the folloing ordinary photographs of a distant scene,

then compare them to infrared photographs of the same scene.

Sce page 5k,
No.H=-1 is an ordinary photograph of distant scencse.
No.H=2 is an infrared photograph -ﬁﬂ‘the same scencs as Nol.H=-1,
A tountain at about 50 km away sppears against dark sky and white oloudss
NoewH=3% is also an ordinary photiograph of Bangsaen sea side
taken at the same' time as No.H=-4; an infrared photograph. The distant

island scene appeans against dark sky, black water and white leavese

See page 55.
No.H=5 is the same scene as Nol.H=1 and No.H=6 is the same

scene as No JH=2,

See page 56,
No,H-7 and H-9 are ordinary photographg of ILight scencs.
The plates visibility are shorter than No,H-8 and No.H-10 the infwared

photographs,

See page 57.
NosH=11 is an ordinary photograph taken through a heavy fog
gcene of 50 meters visibility,

No.,H=12 is the same scene as No.H=11 with a poorer visibility.
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( See page 53 )



( See page 53 )
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( See page 53 )



57

H=-11

H=- 12

( See page 53 )
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h - 15

No. H - 13 is an ordinary photograpk taken through light smoke,

No. H = 14 is an infrared photograph with the same scene as No.H-13
No. H - 15 is an ordinary photograph taken through a dustmscene,
No. H - 16 is an infrared photograph of the same scene showing

no difference.
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%4143 Moon Light scene in daylight,

The: above infrared landscape photographs: are characterized
as followsy the sky is rendered almost black, clouds and land are white,
shadows: are dark but often show considerable details, grass and leaves
appear very.light as if covered with snow, Photographs taken by infra=
red in sunlight and then printed slightly darker than normal are looked
Llike they were taken in moon light. This effect have been

applied in profeassional motion picture.

See page 6D,

NoeM-1 is an ordinary photograph,

NosM=2' and M=3 are the infrared photographs taken at the mame
time as No M=T, lo.M=2 was developed darker than No,M=3 which nakg it

looks like to be taken in moon light,

Sec page 61 =

No.M=¥: is an ordinary photograph.

NoeM=5 is an infrared photograph of the same scenc showing
moon light scene,

NosM=6"is another moon light scene.
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( See page 59 )



( See page 59 )
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ke1el Infrared in Architectural Photography.

From the above landscape infrared photographa, the sky is
rendered almost black, shadows are dark but show more details, distant
details are rendercd with remarkable clearity. These effects can be
applied with architectural photography, inwhich ordinary arehitectural
photographs cannot show structural lines sharply against white sky
background,

Consider the following architectural photographs:-

See page 63.

No.Ac=1 is an ordinary photograph taken against white sky. All
structural lines ond paintings are not so sharply defined as Nol.Ac=3
an infrar ed photograph.

NosAc=2 is an ordinary photograph using infrared film without
filter, showing darker sky.

See page 6k,

No.Ac-k, Ac-6 are ordinary photographs.

No.Ac=5 and Aec=7 are infrared photographs. Structural lines
of the building are shgrper than ordinary photographs.

See page 65.

NosAc=8 is an ordinary photograph. NowAc=9 is also an ordinary r
photograph taken through filter No.29F showing darker sky,

No.Ag»10 is amother ordinary photographuming IR-135 film,
NosAc=11 is an infrared photograph showing sharper structural

lines,
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A = L

Ac - :




Ac = 6 Ac' = 7

( See page 62 )
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Ac - B Ac = 10

Ac = 9 Ac = 11

( See page 62 )
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ke145 High Altitude Aerial Pliotography.

Fron the result of Landseope infrnared plotographs, it is
noticoblie that bodies of water are rendered very dark in sharp contrast
to 1oand on o clear day; fields and wooded arcas are rendered very light;
oitier aore rendered darker than fields. For this reason, i yery highe
altitude infrared pictures, cities should appear os dark patches
surrounded by Lighter country.

In zeriaol photography a special camera prorcrly mounted in
airplane is needed , to ensure the desired ficld of view and to minimize
vibrations Aerial infrored roll films are used, becouse it is much
lighter than plates. Further more it con be change much morce ropidly
g0 that serics of pietures can be taken in quick suecession, Since thc
zerial camera- is moving in pelation to the subject to be photogrophed,
the exposure must be kept short so thet blurring of the image can be
avoided. The exposure time depends: on the speed of acrial film, speed
of the adrplane ond its height,

There are severcl types of aerdal photogrnphs. the two main
kinds aore "vertiool®" in whieh the cmmer=z is pointed vertically
downwards and "obliques'" in which case the comers is deliberately
pointed at an amgle to the vertionl,

The: following photographs are the result of aerial photogrophys=

See page 67,68,

NoyhreT, Ar-2, Ar~3, Ap-l, Are5 are the ordinary acrial photo-
grophs: taken at the altitude of 700 feet.

NogArwb, Anm-7, Ar=8, Ar=9 and Ap=10 are the infrarcd aesrial
photographs token at the same altitude, These cobliques aerial infrared _

photographs are rendered clearer and sharper: than ordinary photographse
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( See page 66 )
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- Ar = 10

( See page 66 )
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441e6 Infrored photography in the study of heat distribution of hot bodiese.

In ordinary pHotopraphy, reflccting or emitting light from an
object is photographed and the negative gives a record of the
distribution of brightness over the surface. The aectual brightness at
different points ¢on be measurced, In the same manner infrored rodiation
emitted by a hot cbjeet is recorded on an infrored=scncitive film,

The distribution of infrared cmissivity which is related to the toempera-
ture of the surface, forms the subject of pliotographic thermometry.

The following plhotogrnphs are examples of heat distributicn

of hot hodics:=

No.1 Noel Noe3

Nook No.5 No.6
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L.1.7 Documentary and Eriminulogy.l

In 1932 Bendikeon of Huntington Library and Art Gallery
at San Mario,Calif, made the infrared photographs of the censored
passage from de Bry's '"Collectiones Peregrinatunum.” These photographs
almost completely eliminated th: censorial deletion and clearly reve-
aled the original printing. This led meny others to study the appli-
cation of infrared photography to deciphering of altered documents.

Inllﬁﬁj L.A. Waters made the infrared photographs of the
stock certificate; clearly revealed the original writing. He concluded
that the successful will depend on the hind of ink and type of bleach.
He could reveal the secret writing by infrared photographs, when the
use of ultraviolet failed.

The British Nuseum used the infrared riethod for deciphering
very early Egyptlan tcxts of about 1,200 B.C. the lettoring was too weak
on very dark brown leather. By infrar.d photographs the texts were
revealed with most satisfactory legibility.

In 1933 F.W. Martin obtained an infrared photograph of a
bloodstain on dark blue cloth.

In 19535 C.A. hitchell found that bloodstain on = red cloth
is transparent to infrared unless the iron of the hBemoglobin is converted
into prussian b}ue.

In 1936 N.F. Beardsley cnuld-revealed the badly discolored
papiri.

In the same time J.Eggert found the behavior of various

Kind of blood in the near infrarecd. Later, O.llerkelbach confirmed these

1 o :
- Clark,Wl, Infrared FPhotography, pp. 209 - 213,
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results they found that oxykemcglobin is relatively transparent in
the near infrared, but reducedﬁuemuglnbin is opaque in this region
and increased in transparency with increasing wavelength.

Lggert could detect the carbon monoxide peisoning. A drop
oI poisoned blood was spreading on a glass slide next to a drop of
healthy blood. A poisoned will appear transparent while healthy blood
will appear dark.

In 1937 M.Plotnikow placed a closed envelope in contact
with infrared plate and exposing it to infrared radiation,. le ob-
tained a shadowgraph similar to an X - ray photorraph.

H.C. Staehle successed in deciphering documents charred by
fire, The infrarcd photorraph reveals three fingerprints which were
not visible on the charred paper.

Another application is the infrared photography of crim-

inals at work in the dark. The following photographs arc scme app-
lication in documentary and criminelogy.

See page 73.

Ho.c1is an ordinary photograph of censored passage.

Hu.ce is an infrared photo-raph of the same passage.

The censorcd passage is revealed sharply.

Ha.c3is an infrared photograph of a sealed envelope.

The message insid¢ can be revealed without destroying he envelope.

Sce page 7h.

Ho.G4 is an ordinary photograph of a blue c¢loth with blood-

stains which is invisible.
Ho.Gs is an infrarcd photograph where bloodstains are visible
HQ.CE is an ordinary photograph of a red cloth with blood-
stains which is invisible. When this cloth is stained with prassian blue
and then take an infrared photograph (HQ.C?} bloodstains are visible.

No.Cq is an infrared photograph of a charred document shows
an original writing.
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( See page 72 )







4.2 Infrared Photography in Medical Diagncsis.l
k.2.1 Introduction.

1933 Haxthausen described how he wzas abl: to show the
subcutaneous venous system in infrared photographs which were made
primariry for the study of skin diseases. He reproduced a series of
illustrations, which compared ordinary photographs with those made by
infrarcd. He statcd that wherceas in ordinary photographs and by direct
observation it is possible to see only the very superficial small
veins and the very largb subcutaneous stem, in the infrared photographs
there is a clear delineation of all the small subcutaneous veins which
form an anastorosis with the bigger stems. He quite cl:arly stated
that veins which cannot be seen by direct observation of the skin
appear in infrared photographs.

1934 Barker and Julin reported that the infrared photographs
of the cutaneous veins coan show the obstruction of the blood flow.

In the same time Payne showed that by using infrared plates
it is possible to pet photographic demonstrations of supcrficial veins
which are not recognizable clinically or by means of ordinary plates.

Massopust was one of the first to make an extcnsive syste-
matic study of medical infrarcd photography. A number of interesting
photographs of the upper and lower extrenmetics of the male and fenmale
were shown up quite clearly. He studied the changing pattern of the
superficial veins in a casc of human pregnancy, there is a marked
difference in the appearance of infrared photographs of primipara and
multipara.

: Jones concluded that infrared photography offers a better
neans of demonstrating the collateral venous circulcaiion in the abdom-
inal wall than is afforded by any clinicel method. He considered the
infrared technigue an excellent means of recording abnormal degrees of

superficial venous distension.

1
- Clark,W., op.cit pp. 218 - 252.

- Kodak's, Medical Infrared Photography, pp. 1 - 8k.
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Interesting infrared photographs have becn made by the
University Hospitals, Cleveland,Ohioc, showing marked dilation of the
superficial veins of the breast assodiated, in one case, with a tumor
and another with chronic cardiac compression.

Hardy and Muschenheim concluded that photegraphy of the
human body by infrarcd could yield detail not obtainable by ordinary
photography, at least for structures within a few millimeters under
the surface, although the detail might not be very sharp owing to
scattering.

Jeager showed photographs of varices by visible and in-
frared and commented that the infrared plate showed all the veins
lying under the skin to a degree which Lad never been suspected.

Braga of the Cancer Institute in Lisbon used infrared
photography to show the superficial venous network in cancer tumors.

Infrared photography is cmploycd at the present time as.

a routine method in many hospitals, since it is a means of diagnosis

and record which cannot be ignored. Distinct changes from the normal _
pattern have been recorded in connection with several diseases. Axillary
thrombois, cirrhosis, and some tumor show a marked disturbance of the
adjacent venous circulation.

3.2.2 Lighting for photography of the Superficial venous
systen.

The greatest single factor for success in infrared pho-
tography is flat lighting. The lighting must be consistent.

( 1 ) Direct lighting.
( 2 ) Indirect lighting.

3s2.2+1 Direct lighting.

It is vital to avoid ( as much as possible )
surface shadows from contrasty lighting, edge shadows and reflections
from improper setting of the light sources. There are two requirenments
in the illuminaticon employed.

( 1 ) Eveness
( 2 ) The correct lighting angles

Zedele2 Indirect lighting or diffuse lighting.

Since direct lighting photographs have some shadow
areas including the hot spot aresas which obseure the detail of the

photographs, even when the complete direct lighting is employed.
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To ret rid of these disadvantarcs, indiresct lighting is cihosen. This

is because the diffusc lipght has no shallow arccs Asd the suliect

ot suffer from the heot spots.

There are scvernl nechods of lishtine for mediesl infrarcd

lue the details o{_lightiqgﬁ

m

photography. The writer should like

The following photograpihs are tihc regu -

pedicael infrared ph

f}ﬁé. ;5 BCC . fﬁjﬂ . 1/ scc.
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No.l

Same as No,3




No.5

-

Setup 11

O

I ———— S
non = precnanc woman ;J';'



No.,9Setup III No.10 Same

£/16,1/4zec.,

No.11 Same as No.9 NO.12 Same as No.9



43 Infrered photogrophy by Flash 1ights
be3.1 Introduction, _
Infrared flaosh Has Yeen used for o variety of special purposes,
including press photography im the blookout and in situntions wHere o
bright: flash woul@ be disturbing; eandid photography; photography in
darkness; detection of criminals in the dark; einemz audiencewroaction
studies; unobtrusive instrument recording: in aireraft; dark adaptatiion
ond otHer studies of tie eye; photography of industrial operations in
the davk (e.g., sensitized material manufhetuwe and processing) and
p&utpgmphy off any aeremonies.
Ye342 Equipment: and moterinl
Infirared flash piiotographs can be taken with oxdinary comeras
and flash mbtnnhmanti. The special .mqui‘-:mmm}t’s'lﬁ‘aing a filter infiront:
of the flash bulb (e.g. Kodak flash bully Now5Ry22R) is used together _
with a film sensitive to infawed rays, either Kodak IR~135 or HIR-U421,
In some. omses it may be necessary to make x slight adjustment: of the

foous in the form of a slight forward shift: as though the subjeoct were
somewhat nearer than its actual distance. The foousing oormection have
alnready been discussed,

THe infrared Tight emitted from the f£lxsh (Gxﬂinm or eleatronia
flnsh), f= & dim reddish 51aw~ at the instont of ignition, Therefbre the
subject would sse nothing, except: anyone looking direotly ot the flash,
The MMEMBuEmmmMuﬂ.th a lacquer which acts as an
infrared filter, The mmateur ean make infrawed flash bulbs easily by
dipping o clear flash bulb- in the following solutions:-

Selution A

200 cc. warm water + 10 cec. glycerine + 4 gm. methyl-violet,
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Solution B

200 cce, warm water + 10 ce, glycerine + 4 gne tartrazin,

ke343 Technique

Since the subject should be unaware of being photographed though
it is practically impossible , so that the attention of the subject
must always be drawn away from the light source, or the light source
“must be hidden,

The actual exposure depends on the nature and shape of the
reflector and it is not possible to give = precise data, WEth the infroe
red materials and flash bulbs available through the normal sources of
supply there is no difficulty in achieving a flash factor of 50 or even
100 for on exposure time of 1/50 second. The flash factor-is the product

of the fenumber and the lanp=to=-subject distance in feect.

The following photographs are the results of Infrared flash

photography: -




No.I was taken in a dark room at a distance 15 feet.
The exposure was jf16,1j25 sec.,setting X-synchronization.

Flash bulbs No.5R with bowl shaped reflectors were used.

No.2 is the same as No.l but at a distance 20 fect and
the exposuré was f/ll; 1/25. sec.
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No.3 is the same as No.l but at a distance 15 feet and
the exposure was fflﬁ;l/é5 sec.

No.4 is the same as No.l but at a distance 30 feet
and the exposure was f/ﬁ;lf}ﬁ-sed; TIre nepgdtive ‘was ‘under
exposed. The correct exposure should be f/E.E;I/BD sec.
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No.5 A clear flash bulb was used in conjunction with a
filter No.87C over the lens and the exposure set at ffﬁ.ﬁ;l/jﬂ sec.
This is better than No.k but the negative was under exposed since
a filter factor 87C was too high. It should be No.87 or 88a.

No.6 is a panchromatic photographs using electronic flash
and the exposure set at f/ﬁ.ﬁ;l/ﬁﬂ sec.
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No.7

The ¢inema audinece-
reaction study,taken

by HIR-421 with flag
bult La.S5R,withcut
filter, the exposure
setting was £/5.6,1/25
gcec. at a distant 30
fect. The necar-by sub-
jects were over exposed

and the angle was not

correct.
lo.d
The samne as No.7 but

The corrcct expo-
sure should be f/B,leE
or fflé,lfaﬁ sec. at a
distant 10-20 feet.
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L4 Infrared Photomicrography.

In 1837 Reade made the first permanent photonicrugraphp.
Since then, by skillful understanding of the use of th. nicropcope,
and knowledpe o. tuc pruperties of phetogre; hie plates and films,
phctewicrographers are able to ohtain results showing fine details
with the utmost clarity. By using light filters, th: cuntrasts of
differently colored parts cf théir subjecbe-can he. conbrol to-apy
desire cxtont.

In 1912 Kohler was the first, who attempts at photomi-
erography with long - wzvelenrcth radiatian, at thet tine infrared
plated were not available cormercially. Himwpletes was sensitive
in the rezion 6,4%¢0 A. ~ 7,100 4. which is deep red lisht region.

In 1926 C...K. Hees had studied the dyes comnonly used
for staining biclogical rreparations fur m.crescopic invostigation.
He ®upgeste! the use ¢f the invisibl: ultraviclet and infrarcd in
photonicrography.

In 1926 - 29 Calzavara, Bertrand and his ccllége clearly
the conditiuvns neccessary for cbtaining good contrast and detail of
infrared photonmicrography ond its technique.

In order to obtain satisfoctory rendering of contrast
in infrared to which the film responds. If satisfactory rendering
of detail is to be obtaincd, the subject must be transpapent to the
infrared.

For black and white infrared protomicrography nore care
is needed h:cause the reneral microscope ovptics are not corrccted
for infrarced radiation. In general, apochronatic objeotives will

yicld a sharper imape than achromatic ones.
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APh.l. Method of Focusing.

Method I.  the Kodak Wratten Filter lo. 29 (F, red) is placed

in the light path anl a careful visual focusing is made through this
filtere. The filter is then replaced by Kodak !ratten Filter No. 87
(infrared) and the trial exposures is taken to letermine the correct
exposurc time,

Method II A Kodak "ratten Filter No, 61 ( N,green ) is placed
in the light path and a visual focusing is made Note the fine adjustment
reading and the procedures arce repeated with the filter Iz, 29. The fine
adjstnent reading is again notced,The additional shift of fine adjustment
from the re? focus to achieve infrared focus, is then the Jifference
between the pgrecn and red settings multiplied by two for apcchromats and
by l.4 for achromats, After the correction have been found, a filter(greecn
or red) should be selected to be employed during the focusing of a given
specimen. (the choice will depend on which one furnishes the visual focns
more readily) Thus, the infrared extension can be made from either the
sreen or red index.

An Ixample of infrared corrcction.

- = S S 5 et -

8
Index i Green } Red
i setting +

1

13 + 5x 1.4 = 20
for nshrnmats!

Then remove the focusing filter and replace by the in frared

filter, e.g,lNn,87, Determine the best exposure by making a few trials
vXposures ayund the infrared index so found.
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These photographs were taken through Zeiss Opton microscope

with Zeiss K16 ocular and 16 watts tungsten projection lanpe

No. P1 Rhizopus sporangium token with panchromatic filnm
(X=135) without filter for 1/30 second exposure.

Noe P, The sane as No.P, taken with Infrared filn (HIR=-421)

2 1
with,filter No.29F for 1/2 second exposure.

Noe. P, Stkiated nuscle taken with X=135 filn without filter

3

for 1/30 second exposure.

Hoe Pk The sane as No;pé taken with HIR=421 film withsfilter

No«70 for 1/2 second exposure.

Hoe P5 Potato tuber token with X=135 filn without filter

for 1/30 second exposure.

Noe PG The same as No.P. taken with HIR 421 film, with

5
filter No.88A for1second exposure.

Noe P, Corn Kernel starch taken with Y=135 filn without

7
filter for 1/30 second exposure.

No. Pg The sane as Ho.P? taken with HIR=421 filn, with
filter No.88A for 1/4 second exposure.

Noe I"9 Leaf clear taken with X=1335 film without filter

for 1/15 second exposure.

No. I, The same as No.Py taken with HIR=421 filn, with

filter No.8GA for 1/8 secomd exposure.



{ See page
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L,5 Infrar.d vhobegraphy as comparcd tu Ultravielet Photo-
prapiys

Infrared photorraphy extends the vision ¢F the camera
beyond the livits of “he human ecye. It peactrates Lizze and renders
tie sky, green foliagc and fabrics distrinetly. Investigotion of
questicvned, altered and fade documents;etc.

Ultraviolet photopraphy uses the same ¢ uipuents as
ordinary puotography c¢xcept pecicl lamps arc reguired aw! certain
filte:s ere ne ded. BSpecial filws and precessin, are no. requirced.
A1l filwms respond to ultraviolet without bein; srecially sensitized
which differs fron infrared where special materials are requircd.

here are two ristinctly diffcerenc nethods in usirg
ultraviolet radiation ~cr taking jlietogrraphs. The first is the '
Hpeflected-ultraviclet setlod.® It is strictly analogous to cerdinary
photographiie wethods, uowever, the scurce of ultraviclet radiation
or tiie capera lens is covered with o filtur (e:.Kodak Wratten Filter
No. 18 } which iransmits only the invisible ultraviolet. The second
ricthod is the “fluorescent light méthod." This depends on ihe ilu-
orescence of certain objucts which, vhuen subjecied to invisible
uliraviolet in darken roor, will give off visible radiatir v, The
eolor of ihis 1li ht depends upon the nature of the wvatcrial., Vhen
this mechod is used, it is necussary to place a filter (llo. 2 A
or 2B) over tihe camera lens to absorb tie reflectod uliraviolets

The followin; photopraphs are reflected ultraviolet
phote: raphs conparison to infrared or ordinary vhotopgraphs.

loe u1 an infrared pactu:rapihe

Ioe U, a reflected Bltraviclet pliotograph vaken in total

darkncss.

.No. U, an infrarcd photopraph of a secret writing paper.

No. Uh is an ultraviolet photopgraph of the sane object.

.-A secret writing is visible.
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( See page 91 }



( See page 91 )
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