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Paragraph

termed “aerial photography,”
Aerial phntﬂgraphs may be ta ingly with any length interval
of time between, in which cate known as stills, or the indi-
vidual pictures may be tak 1% in succession so as to record
movement in the scene, in w they are known as motion pic-

#*Thizs manual supersedes TM 2170-8, , 1838,
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tures. Motion-picture photography is sometimes referred to as
“cinematography.”

2. Aerial photographs.—The design of this manual is to teach
the taking of all the types of aerial photographs used for military
purposes. Aerial stills or still photographs are classified as vertical
oblique, and mosaic or composite photographs.

a. A vertical photograph is the picture of an area or objective ma
with the camera axis perpendicular to the earth.

b. An oblique photograph is any photograph made with theyfxis
of the camera tilted sharply from the vertical.

e. A composite photograph is the finished product of a m :
camera. It is composed of a contact print of the vertical ¢ %

and the prints of the oblique chambers after they have bee cCtec
in the proper rectifying printer designed for the camera.
be

3. Aerial cinematography.—Aerial cinematﬂgrsph

either sound or silent, vertical or oblique.
4. Military aerial photography.—Military aerial ©hotogtaphy
is divided by its tactical employment and equipment into neral
classes:

Mapping photography.

Intelligence photography.

; My be compiled from either vepsi composite, or

oblique plotograplis, only the vertical or compggite pbtograph will

1clépe map-making aid. Inasmuc e technique of

s much the same when usi er a vertical or

a, the technique of mappi graphy will be
tion.

mplete list of the

Corps may be found

s Technical Orders,

5 unfamiliar. In addition

efs include necessary operati@n/ingfructions for all types of
photographic equipment or d therefore detailed instrue-
tions concerning such auxiliary{eq ent will likewise be omiited

from this manual.

ras, Air Corps Technical
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CuaprER 2
MAPPING PHOTOGRAPHY
Paragraph
enieral TequiTemiemiba L o s e i i L

Preflight preparation. e e s 7
Cromers operathon: oo e an s e o e e R i 8
Completion of camera miselon ee o _____________ R i ]

6. General requirements.—Mapping photography will be per
formed with the best and latest equipment available as it is a \-*N
precise operation and must be accomplished with the utmost ski
and precision.

7. Preflight preparation.—a. The scale of a map or thegc:
a photograph is the ratio existing between any distance on the
and the representation of that distance in either the map o
photograph. It must be computed with like units of méasure

The two factors for determining scale are focal length of E&m

and altitude above the terrain. For example: It 1s i ible to
obtain initially a vertical photograph at a scale of 1/40, th a
camera of 24-inch focal length. To do so would involve flying at
80,000 feet. However, it is a simple matter to obtain i 1 & camera
of 6-inch focal length, which requires flying at 20, t above the
terrain.

ls of edpressing scale—(a) The scalp of Wy vertical
photograph W the aflation between any distance he print to

the co ¥ distance on the ground. B, are different
methods of jng the scale of aerial photogr@phs aBld the methods
used a as employed on line maps. ¥

esentative fraction” (R. F. ap is one whose
s the units of distance on t nd whose denom-
the corresponding units of apgfe on the ground.
lef1/12,000 means that one the map represents

e same units on the gmun:@ches, feet, yards, or

unit of measurement. In manu t, the R. F. is usually

Another method of stating théyglaleVis in words and figures,
as 6 mches equal 1 mile, which at 6 inches on the map
represent 1 mile on the ground; 1 als 800 feet, meaning that
e ground. A scale of this

also is called “natural” scg r example, if 6 inches equal
1 mile, or 6 inches equal 6860 1M€hes, then 1 inch equals 10,560
inches, which of course gi \
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AR M famopory C e s

I. Focal plane,
f. Focal length,
0. Lens.
h. Altitude.
L. Ground coverage.
FicURE 1.—Similar triangles. Q
scale is a line or double lisemgrawn on the map,

ual parts, each division bein:i with the dis-

tance it repyesents on the ground.  /
le of aerial photographs de n the focal length
nd the altitude at which t ographs were taken.

es of the sensitized
es of the area covered

i 2

arge triangle (the distance
e ratio between the base of
film d) and the base of the

from the lens to the ground
the small triangle (distance
large triangle (ground dis

Example: The focal ]eﬁ&-

&equals R. F., which is 3 3 which equals

inches, the altitude 25,000 feet;

6
300,000 °* 1+ 50,000.

4
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Both the numerator and the denominator must be of the same unit,
so altitude is multiplied by 12, changing feet to inches. Or, the
distance between two points on the ground is 8,000 feet, the corre-
sponding distance on the film, 5 inches:

dRF i

D~ 3,000%1g °F 1: 7,200. ,‘(b’

Note.—When a 12-inch focal length lens is used, the denominator of
seale corresponds to the altitude reguired. If the desired scale is 1:125

the altitude is 12,500 feet.
() The first method of ﬁndmg the scale is, of course, accu

only providing the altimeter is accurate, the airplane was fl8
exactly the same altitude for each exposure, and the eleva
the ground did not change. However, such ideal conditigns Seldon
exist. Consequently, the scale is only approximate, but w ¢
enough for ordinary ecaleulations which do not involve jectiohs.

b. Ground area ineluded in vertical photographs and nu of
exposures required to cover certain areas—(1) It was stated in ¢ above
that the ground distance and its image on the sensiti rial are
the bases of two similar triangles. Therefore, the Si%titudeﬁ
of one are propgstional to similar sides and altitudes e other,
This gives th
covered by oge expus
length lens at %

For the

b equation for calculating th distance
e, say 7- by 9-inch film, usi 12-inch foeal

de of 11,000 feet,
¥ 12 Ty O

A Dor11,000°°X \

X—J%{E'—]—ﬁ 416 fe

1 side:
9
X

2
12 .
1J 0°
9,000
] s
12 _S’ -
nee in both ratios the denominat in feet, it is not necessary

to reduceTeet to inches.

) The number of exposures uired to cover a certain area
dep-ends on the scale and the amdlnt O®overlap desired. It is cus-
tomary to have an overlap of nt between exposures in the
direction of flight and 50 peg ween strips. That means that
we use only 40 percent of the p&mgive on the 7-inch side and 60 per-
cent on the 9-inch side. Sup ¢ area to be mapped is 10 by 15

[a]
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miles (the direction of flight being the long way). The area covered
by one exposure on a 7- by 9-inch film is 6.416 feet times 8,250 feet.
Forty percent of 6,416 feet (6,416x<40+100) equals 2,566.4 feet.
Sixty percent of 8,250 feet (8,250X60-100) equals 4,950 feet. Divid-
ing the length of the area by the distance used on the 7-inch side of
the photograph gives the number of exposures for one strip, an

dividing the width of the area by the distance used on the 9-i¥
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Figure 2. —Flight map. {Drl;;!nﬁ [N 2,500—nplotted for focal length lens 24 inches,
focal @lane 7 Wnches by 9 inches.)
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side of the photograph gives the number of strips. Thus 15 miles,
or 79,200 feet divided by 2,566 equals 30.8 exposures; and 10 miles,
or 52,800 feet divided by 4,950 equals 10.6 plus strips. It would be
necessary to make 31 exposures per strip and fly 11 strips, making
a total of 341 exposures.

e. Flight map (fig.2) —(1) The flight map is a map or sketch of the

territory to be photographed. On this map or sketch, the flight line@

are plotted to scale, indicating the number of flights to be made ani

the distance between the lines of flight. The flight lines are

spaced on the map that the strips of photographs overlap each ot
d

the desired amount. The flight map is a valuable guide to the pil
selecting the lines of flight and indicates the beginning andg
each strip. The following examples will illustrate two methge
caleulating the distance between the flight lines on the map halg
scale of 1:62,500, allowing an overlap of 50 percent betw®en, stTipe
At an altitude of 30,000 feet, using a 24-inch focal le TR
ground distance of 11,250 feet is covered by the 9-inch"%the
film. Of this distance 60 percent is used (6,750 feet), which iz redficed
to a scale of 1:62,500.

6,750X12_ 81,000
ﬁ-E,ﬁ-{]ﬂ' _62,5‘}0._1‘3{. ]Jll:hﬂﬂ,

or the length #T the"®-inch film used is 5.4 inches ent) and
the scale of afhegativefat 30,000 feet altitude, usinggh 24-inch lens, is
1: 15,000, whichygivesftis the following equation:

54 62,500 5.4 81,00
-y 15,000=T’XEE%R =

e distance between the ﬂlgh%
lems illustrated in the preceding/ paragraphs may
shown in the form of forfhu In each case let &
ion (R. F.), & equal

-oRultitude; f equal focal length, Baggua®width of ground area
photograph, w equal wid m, L equal length of
! al length of film; then:
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d. Installation of equipment—(1) It is the cameraman’s responsi-
bility to install in the airplane all the photographic equipment required
for an aerial mission, and to see that it is in operating condition.
This equipment will include an aerial camera complete, of specified
focal length, filter unit, sufficient film to accomplish the contemplated
mission (whenever this exceeds one loading, additional film will
carried either in interchangeable magazines or in film spools avajl®
able for daylight loading), mount, view finder or sight, E]E{:tk
cables for automatic or semiautomatic operation, vacuum husa%
camera to source of supply, intervalometer, data pad or flight re
ord, exposure meter, safety wire, lens tissue, adhesive tape, fe
altitude temperature computer, and adequate protective clot %
(2) In the selection of a filter for the mission the follSumi
formation will be found helpful. The filters supplied the
for aerial photography range in color from a light gell

and eliminate haze in proportion to the depth of colo W]Eﬂ}?,
with the use of slower and less color-sensitive emulsi%;huice

of a filter was a matter requiring considerable practica ience
in aerial photography. Now, with very color-sensitive film the
choice of a filter is not such a eritical matter. ditions in
relation to aerial photography may be characte der three

classes, namg approximate absence, light haz
For vertig

il phot@graphy at altitudes below 2,

; @t altitudes from 2,000 to 5,000 fee Iter is required
Melas®, a light filter for the secopdmand” a deep yellow
last; at altitudes from 5,000 W00 feet, a light
desirable for the first class, Wadefp yellow for the
red filter may be desirable N}r haze conditions;
above 10,000 feet there wil bly be no change in
m the last indicated. Obligfie photographs made at
30° to 60° from the verti e the use of the same
gnated for vertical photograph at the same altitude.

iue photographs made from an f 60° to the vertical to
Mcluding the horizon requi the approximate absence of
light yellow filter; under l‘mhcunditiﬂns, a deep yellow

8; and for heavy haze, a e choice of the filter for
oblique photography depends fho 1 the angle at which the
photograph is to be made on the altitude. For aerial
photography ranging from vegtical to 60° of vertical, it is desirable
to use a filter which avdidg exC®wive contrast and sufficiently ex-
cludes haze. The filter dKm111}_::~1-n:-1:ﬂ1im. For oblique photo-

graphs taken at angles 1 from greater than 60° of vertical

eavy haze.
, no filter is
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to and including horizon objects and sky, it will be necessary to
use a filter of deeper color that may overcorrect in the foreground
and produce undesirable contrast in the nearer portions of the
photograph. The photographer must estimate his needs somewhere
between these two, bearing in mind that any of the three filters

may produce undesirable contrasts in the foreground, and base his m
choice on these conditions and upon experience. The average yello

filters require increased exposures, usually not more than two ti
normal. Use of the red filters requires approximately four ti

normal exposure.
(3) During installation the following precautions will be uhse

Check to make certain sufficient oxygen is in the aircraft to
the mission; cleanliness of camera compartment ; cleanliness o
and t:rut,slde of fuselage near camera opening, especml]}' fn
fluids; test camera hatch or hatches for proper operation®(

should be kept closed during take-off and landing; whe& is

mounted in bomb-bay, the bomb-bay doors are kept cl uring
take-off and landing) ; check a complete cycle of automatic operation

after completing installation. The photographic crew be pre-
pared to execute the mission at any one of several alti henever

weather reports are inadequate cr in the event that rritory

is defended ag#instNircraft.
ion.—a. Method.—Aerial cgfueras Tay be op-
the following methods: fully atic, semi-

8. Camer
atic operation mvulvea the u@ ng of the film
hanism by an electric mnﬁ; of an inter-
ping the shutter, and signallig warn both the
the pilot when the next ex to be made.

matie operation reqmres th an electric motor
e shutter is tripped

e camera is said to be manual ted when the leveling
mera, the shutter rewindin dgshutter tripping are all
performed.

(4) “Aerial cameras may be oper
of several means. The camera ma
part of the airplane, such as th
wing, the tail of the airpla ng, i
control may be th!'{mgl‘.l mech
trolled servo units. CameriSusi
all pressure-cabin type airpf
desirable to locate the camera

remote control by any one
unted in some inaccessible
ay, the leading edge of the
the nose compartment. Remote
ring or by electrically con-
operated by remote control in
find in other aircraft where it is
sition inaccessible to an operator.
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b. Determining crab and interval.—When the airplane has attained
the altitude at which the mission is to be flown and reached the objec-
tive to be photographed, the airplane should be alined with the first
flight line several miles prior to the boundary of the objective. The
pilot or navigator signals the cameraman who determines the crab
and interval by the use of the vertical view finder ; the dark slide is the
removed and about 10 seconds before reaching the objective the K
or navigator again signals the cameraman to start his exposures.

e. Exposing first strip.—It is now the pilot’s function to re
as closely as possible to the track of the flight line and mainta
the airplane laterally level and within the required altitudg
or minus 50 feet. The cameraman must use the utmost prect
to secure photographs that are truly vertical, being poZi
camera 1s level at the instant of exposure. He must chee

finder for crab after each exposure. When the flight dine TSuigi$

the pilot or navigator notifies the cameraman t tinue
exposing. K

d. Second strip—The pilot continues on the course 2 or 3
minutes before making the turn for the approach of the second flight
line. After the turn has been made and the airp ined on the
approach of the second flight line, the pilot or navigafor Bignals this
fact to thgg@Mmeraman, who checks the crab rval, which
usually st be hanged with the change of di The second

in the same manner as the This procedure

il the area to he mappe en completely
ce of record—The camer Dlst note the ex-
reading at the beginning a ing of each flight
e of beginning and ending era operation on any

ission, direction of flight o1 various flight lines, and
in which they are flown. erf"the area to be photo-
s larger than that which overed in one loading,
e camera permits inter-
pability of magazines. The@hminud by the cameraman

1 be attached to each magaz n Brder to be with the roll of
Awhile being processed.

f. General information.—(1) rime factors must be remem-
bered at all times: leveling of a and overlap. The cameraman
must have the camera level agt the instant of exposure and secure
the proper overlap in lin® 1 and the pilot or navigator must
be positive that side o *ﬂ‘inienﬂy covered as reflights over
hostile territory to repho “holes” would be impracticable,

(2) On long missions er, shutter, and general mechanism

10




TM 1-220
AERIAL PHOTOGRAPHY 8-9

of the camera should be periodically checked to be certain of proper
mechanical funetioning. In the event of camera failure the airplane
commander will be notified immediately, the cameraman stating
whether repairs can or cannot be made during flight, and if so, the
length of time before camera operation can be resumed.

9. Completion of camera mission.—a. On the return flight m
after the completion of the photographic mission the cameram
should check the data cards for completeness, ascertaining that a
data are recorded that will be necessary for the processing and i
tification of the film by laboratory technicians, maintenance g
W. D, A. C. Form No. 45, any special data pertinent to the mi
and the legibility of all data.

b. Upon landing, it is the cameraman’s responsibility that a
with data cards, is delivered to the laboratory for processin
camera and accessories should then be dismounted and r
checked, and any repairs or alterations necessary shl}u%de.
All empty film magazines should be reloaded and installeghon cam-
eras, and all equipment prepared for another photographic ion.
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CHAPTER 3

INTELLIGENCE PHOTOGRAPHY

Paragraphs
Secrron I. Vertical photography____ . ___ 10-15
LL ObLigon PHOBITRDIY - oo mmmmmsms s 16-2

Secrion 1

VERTICAL PHOTOGRAPHY

ORI i o s e s s e e e s e
Employment ______ S L R R L R S
Cameraman’s duties
BEORRECE oo v s e e e e s e

10. General.—Intelligence photography gains infoftnatior for a
commander through the medium of stereoscopic pairs ical or

oblique), reconnaissance strips, small mosaics, and some oblique

photography.
11. Employment.—The cameraman’s duties i@g vertical
5 fa ' a

ntially the
ipal difference
g before operation.
iffertit tactical situa-
5 perfgrmed, it must be
constant in mind by the camemrgm thi elligence photog-
fleeting objectives.

tly calls for securing photog 0
is used here to denote not ﬁnm objectives, but also
; i a
1

d airdromes that are
wely located prior to the d of the mission, The
1on of whether an objectivg is tographed vertically or
' will depend upon the judg f the cameraman as to the
manfgr in which he ean best secu necessary coverage under the
condjfions existing at the time, ‘mviuus that cameramen em-

d on this duty must be readi i '

onsive to the signals of the

airplane commander.
12. Cameraman’s duties

of vital importance that the
cameraman clearly indicate of exposure, the nature of the
objective, its location, theyalti nd if possible, the direction of
north. Upon returnin se, it is the cameraman’s duty to
see that the exposed film d over to the photographic labora-

12
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tory for processing, together with all essential data. Reports should
also be rendered upon the functioning of all photographic equipment.

13. Mosaics.—Mosaics for the purpose of intelligence photog-
raphy will be quite limited. They might consist of a mission calling
for verticals of an objective whereby weather conditions will not
permit the full coverage by a reconnaissance strip, thereby making it

necessary for two or more short strips to be flown at a comparativd@

low altitude. In such cases, computations for flight lines and line-
flight overlap should be computed as explained in paragraph 7

stereoscopic study.

The resultant photographs will then be susceptible of sub@equo

14. Reconnaissance strips.—A reconnaissance strip is a
overlapping vertical photographs made from an airplane flyg
selected course.

15. Pinpointing.—When two or more aerial phntu#m
taken of a small area or point the result is called a “pinpoin@”
photographs are useful in intelligence work and therefo east
two overlapping pictures are taken of the objective so that the result-
ant photographs may be studied through a stereosco The piec-
tures made in pinpointing are classed as vertical vie dfare es-
sentially the same as those obtained in making reconna’ strips

r. It should
ly cover the

therefore care
must be see that—
a. T and finder are level at the of exposure.
b. der shows as much margin ible around the

me of making the second eslposure this objective still
L the view finder and has trav a it sufficiently from
at. the moment of the first to afford the overlap
or stereoscopic viewing.

&
S
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The resultant photographs will then be susceptible of sub@equo

14. Reconnaissance strips.—A reconnaissance strip is a
overlapping vertical photographs made from an airplane flyg
selected course.

15. Pinpointing.—When two or more aerial phntu#m
taken of a small area or point the result is called a “pinpoin@”
photographs are useful in intelligence work and therefo east
two overlapping pictures are taken of the objective so that the result-
ant photographs may be studied through a stereosco The piec-
tures made in pinpointing are classed as vertical vie dfare es-
sentially the same as those obtained in making reconna’ strips
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ly cover the

therefore care
must be see that—
a. T and finder are level at the of exposure.
b. der shows as much margin ible around the

me of making the second eslposure this objective still
L the view finder and has trav a it sufficiently from
at. the moment of the first to afford the overlap
or stereoscopic viewing.

&
S
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graphs of buildings or structures should show at least two sides and
will normally include the sunny side of the building. Similarly a
photograph of a bridge will not be made from a viewpoint at right’
angles to the bridge but from some angle between 30° and 60° in IDI‘dEI'
to reveal the construction of piers or supports. Photographs of ter-
rain made for the purpose of yielding information to advancing trmps
should be made from as low an altitude as practicable and show t
terrain to the horizon. Photographs of docks and wharves should
made at a fairly steep angle to show as much of the underwater st
ture as possible. Similarly photographs of obstructions placed u
water at beaches should be made from a steep angle. In the latter ;
of photography the direction of the sun must always be coy 'd
as reflection will completely obscure all underwater detail.

19. Technique.—Oblique photography requires greater e
the part of the cameraman than does vertical photograpy,

requires that the cameraman have a clear understanding of ghe re
be

of the objective and an ability to recognize it because un ombat
conditions it may be expected that acceleration forces will sent
at the time of exposure, whereas the cameraman should expect this

and not endeavor to aim the camera until just bef ing the
exposure. It 1s essential that exposures made at di t gltitudes
and times of ade so as to secure negatives the same
density, whi@ reatly facilitate processing i aboratory.
The simple odfof making oblique photograpi8nif the camera-
man has 39T positions, 1s to point the cgf@ma to the rear or
in front o irplane. If the photographs ade directly
ahead of the Wygplane more time is affordedrt imframan to com-

pose t . and secure the desired perspec Active coopera-
i aphy as he must
may be expected
titudes and viewpoints; he so realize the prob-

ameraman and avold accelefation ®xcept when essential
actical viewpoint. The lughes.f:a;Q:peed that will yield
ed in oblique photography.
@) photography where the
is being made at right

pe:;.m]ly important in low s
" motion is great, if the photooTs
angles to the direction of flight. non error 1s the alinement
of the camera with some openingf®®gart of the airplane which fre-
quently produces photographs square with the vertical. The
camera should not at any tiffesduriMexposure rest upon a metallic
portion of the airplane as % a ship will spoil photographs
except when extremely high speeds are used. The condition
of the lens and the filter unit be frequently inspected as should

15
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the vacuum supply, shutter mechanism, and film rewinding. Ac-
curate and complete data regarding the nature, location of the ob-
jective, time, and altitude must be maintained.

20. Aircraft processing.—At this point it is considered oppor-
tune to enjoin the caution that whenever photographs are very rap-
idly processed in an aircraft while in flight, according to the meth
known as “quick work photography,” in which a portable processin
outfit is carried, care must be taken to prevent the spilling of %

icals and chemiecal solutions.
21. Cameraman’s duties.—An importart duty of the ﬂh

man is to assist in the identification of the ground areas or ohj#
represented in the aerial photographs taken by him. His othe
and responsibilities are stated in paragraphs 18, 19, and 24
22. Additional information.—Additional informatic
photography concerning tactical employment, particularl
erence to the duties of members of the combat crew ot

cameraman, is contained in FM 1-35. K
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CHAPIER 4

AERIAL CINEMATOGRAPHY

'aragraph

L 1 g o SIS SR e R e e e e e A e 23
Motion-picture camera .. ___ S e e e e e e e 24
Technique e A e i e B e R e e 25
3 D T [t b e T I T A AL O DA S N
Maintenance of FetOPdS o o e

23. General.—a. The Air Corps is charged with all cinemgyjs
graphic work from aireraft which may be either silent or

vertical or oblique.

found that if a series of pictures are presented to the eye i
succession, spaced by intervals of darkness, the eye retaft :
tarily the impression received from each picture until it &E{l
by a new impression from the next picture. If the pi%ﬂlry
one from the next only slightly, the impression of smooth gfidual
change is received and the illusion of motion is created.

¢. The successive pictures must be presented to the e rate
of at least 16 pictures a second to fulfill the con sgoutlined

] 1 requirement a large numbe ctures are

needed. as beenfound best to make these pictlires, Mdividually
small in sizé ,; strips of film. Since the t of sound
Wen-picture film, the use of 24 Q a second has
basically similar to the ofdj pe cameras is
ill accommodate large roll M and a mecha-
¥l intermiittently advance th frame at a time
d shutter, and then hold t I stationary in the
ile the shutter opens and sure is made.
n-picture camera.—Figyfe 4 1illustrates clearly the
parts of a common type of moti icture camera. These
a lens, a shutter, a film ga igh is back of the lens, a

shani®m for feeding the film andjintepmittently stopping and
pullin® it through the gate, a fin a reel containing the roll of
unexposed film, a take-up reel, a hanism for drawing the
film through the camera, which sprockets and rollers that

keep the film at proper tensio he camera is driven by one or
more of three methods, namﬁy& rive, spring drive, or electric
motor drive.

25. Technique.—a. Ca -up.—As film is so easily and so
rapidly exposed in a motio re camera an especially careful

8210168°—41— 3 17
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check should be made before each mission not only to see that the
camera is complete with all accessories possibly needed, but that there
is a very ample supply of film.

Figure 4.—General mechanism, motlon-pieture e

b. Impoyplneengf skill and training—Becau e small field
of view o of the motion-picture camea, and®the fact that
the came & kept on the subject for lon jods, the taking

pi@flires from aircraft requires Era,hle skill and

ork of the motion-picture ¢ afhan when photo-
aircraft is analogous to% e aerial machine
each must be able to poin Me he is operat-
rget and keep it there f nsiderable time. In
mplish the purpose each m epend upon the pilot to
iff proper position to “shoot” eep him there regard-
e uncertain movements ofgghe target. Panoraming and
of the camera in the airplane sh be kept at a minimum,
imera mount for aerial wor, terial cinematography any
several mounts may be us include a special attach-
mell¥ designed for the machine e, a floor mount for “shoot-
ing” out of an open door or windpw, a floor mount for “shooting”
out of the hole in the bottom ip (verticals). The two latter
types may be constructed at iscretion of the aerial cinematogra-
pher, although some camem\gmthe standard triped by securing

it in the airplane in s er that the vibration will not
loosen it.

18
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d. Position of camera in aireraft.—If the motion pictures can be
taken from the nose or tail of aircraft the work of the photographer
is considerably lessened, for his camera can be trained easily in al-
most any. direction and the pilot can readily aid him in keeping the
airplane in proper position. If the phﬂtngraphs are taken from the
center station of an airplane, the field of view is limited to the sides
and over the tail. In any case the relative motion between the c
era and the ground objective should be kept as small as pﬂsmhle-
is enhanced by photographing toward the nose and tail of the
plane rather than at right angles to the direction of travel of t Q
plane.

e. Composition of picture.—The composition of the pict
view finder of motion-picture cameras is similar to that
in making aerial obliques and verticals with “still” ca

[. Adjusting shutter for aerial work.—For aerial work u arg-
est shutter opening with which it is possible to stop the ion. "The
belief that the narrow shutter opening should be used 1 er to

neutralize the effect of vibration is incorrect. If vibrations are se-
vere enough to spoil single pictures they will spoil t ip. While
each individual pmture may be sharp when a narrow tel opening
i & of sharp pictures, separated by a interval,
een.  In order that the eye able to see
85 a8 & moving picture, th erval of motion

s beips S
r@. In the case of
' i a60 X Yoa=Yog sec-
This leaves 27044, X Y, = nd for the shut-

d, the shutter open one-foufith ti@ime and closed three-
hs 0fthe time. In the case of t shutter opening each
eceives 1804, X 14, =1/ exposure. This leaves
Wy =14g second for the sh@ be closed. The shutter
fiegl’ one-half of the time and clo e-half of the time. It is
obvious that in the second case ifie t of time the shutter is
closed is less, giving less time fo object to move between frames,
thus reducing the flicker. Truegthere 1 more blur in each frame due
to longer exposure, but this s ticeable in a series of pictures
as the longer interval,
g. Camera speed for aervigl
generally be filmed at a hi

—Aerial motion pictures should
p of speed than normal because of
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the speed of the airplane. This reduces the interval of motion between
frames. (See d and f above.) Thirty to forty-eight frames a second
are generally used at higher altitudes. As the altitude increases the
camera can be run at slower speeds without causing flicker. In the
case of a sound picture taken from the air, the deviation from 24
frames a second (sound camera speed), is not serious as the sound an

picture are seldom synchronized. However, if life motion and Exz

sound synchronization are required, a camera speed of 24 fram

second must be used, ﬁ
h. Lenses.—Long focal length lenses are not ordinarily used

of the effect of the movement of the airplane while using such

However, medium focal length lenses may be used when photd
ing one or more airplanes from another. The focus of th
at infinity except when the objective is less than infinity.

i. Filters—Filters should not ordinarily be used at lgw a or
on clear days. Definite rules cannot be laid down mgard'wr use.
However, the rules as applied to “still” aerial photog and pho-
tography in general apply as well to motion-picture pho hy.

3. Photographing airplanes in air—When the subject is one or more
airp[anes flying in the same direction as the one in h the camera
is mounted, a Small shutter opening may be used pr@hﬂ earth is

kground or if the altitude is at lea feet.

cposureWf negative.—a. The absol ure received
, afhe of a motion-picture negatimg depends upon sev-
SPuaadly, shutter opening in degreegghined®film speed, lens

, amount of incident light fal @ n the subject, the
ies of the subject, the filte of the filter (if

d (or light sensitivity) of
one combination of the facto,
is determined and express fraction of a second.
meter or exposure table the relative amount
t Wflected from the subject. K@owI¥ythe emulsion speed and
adjust the diaphragm stop

though experience comhine@expnmm tables relative to
g and illumination has been a reliable exposure meter is

Etl'ﬂllgljf advised. The error of judgment is thus greatly re-
duced. Exposure meters set f emulsion speed rating, filter fac-
tor, and shutter speed will gige the @brrect diaphragm stop when set
at the indicated light readin

d. The use of neutral gensi er is recommended to compensate
for a faster emulsion speegF{Sghen a fast film is being used and the
illumination is suddenly i @‘i ), or when the minimum f value of

20
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the lens is not sufficiently small to give the correct exposure. An alter-
native of the latter is to reduce the shutter opening in degrees, which
would automatically increase the shutter speed. It must be remem-
bered, however, that reducing the shutter opening also increases the
interval of motion between frames,

e. In shutter speed calculations, the actual time of exposure of each

frame of a motion picture negative is determined by the speed at whic@

the film passes through the gate and the shutter opening of the Eamek

A simple formula for determining such is as follows:

Shutter opening in degrees 1
360 exposures per second

Ezample: Shutter opening 180° ; exposures per second, 24,
Find the shutter speed.
Bl 8.0 1.3 & o
300 <3300 <za 2 Xpmmgseeond o Ny
This fraction of a second is the one used in making exposu ter
calculations for the indicated shutter opening and film travel. Some

motion-picture cameras have a table of shutter speeds to these
two factors printed or attached directly to the ¢ bdy for

reference.
27. MainténanceWf records.—It is essential #ha iled and
accurate datd cards pertaining to the subject, wadgher conditions,

altitude, N location, and any other periise formation,

accompan el of film upon being delive % e laboratory

for processin e cameraman should alsg inclagde g1l data neces-
m

SNG and 45,
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CHAPTER 5

AERIAL PHOTOGRAPHIC MOSAICS AND MAPPING

Paragraphs

Sweryy L GEBeER) oo sisisssrrnniepmsei s s e 28-31

IL. RecOnNAISance SEPIDL oo wwmmmsmememmm——— 3
L Aevin) TO0ORIE: o e s s apasssare s &

bR E i L R NPT S ﬁﬁﬂ
VI. Assembling the mosaie_______________________
g0 A N @
Secrion 1

28. General.—a. Mosaics, how made.—The he altitude at
which a photograph is taken the greater the size e @round area

that will bg

ed in the picture.

altitude that can
impossibl§to ine
may b
wvertica

single pi .. As the combining

Sire was made. Therefore, i
the making of a mosaic, selecti
with reference to the focal 1
reached as to the altitude at

mit to the

However, 1
» reached by an airplane an re it is often
le in a single exposure the und area that

e Resort is then had to the jpals f a number of
aphs in such way that they joined to form a

of gh ual photographs

art of joining pieces of colo ss, stones, tiles, ete.,

of decorations or pictures ca saics, the term “aerial
apbic mosaic” has been applie a jgroup of overlapping

a single composite

pl To be able to fit the photograp gether, it is necessary
iy they all be of the same scale. scale of an aerial photo-
erapll depends upon two factors , the focal length of the
ns Msed, and the altitude of th pline at the moment the ex-

ng to take photographs for
be made of the aerial camera
f the lens thereon, and decision
e airplane will be flown. The
f maintaining the airplane at a

flying problem involved %ansi
uniform distance from ¢ urface so that all the photographs

can be taken from the

22

itude. As there are a variety of
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available focal length lenses and the only limitation as to altitude
is performance ability of the aireraft, it is possible, practically speak-
ing to make a mosaic at almost any desired scale.

b. Importance—~Mosaic photographs are valuable for a variety
of military purposes, especially when topographical maps are not
available or are obsolete. They can be produced roughly under war m
conditions in a surprisingly short time with a degree of accurac
proportional to the time available and the accuracy of the photo
graphs, and because of the fact that they represent current mndit&N
and that every object on the ground is reproduced in the photograpk
in its proportional plan view size, they compare very favorably, %
military purposes with hasty topographic maps. In additio

ability of topographic mapping symbols, that is, scattered o
woods and approximate heights and kinds of trees. ?

e. Reconmaissance strip—A reconnaissance strip is a si ip
of overlapping photographs taken especially for reconnaissance pur-
poses following a central line of interest.

29. Scale.—The scale, methods of finding, ground area included

in vertical photographs and the number of exposu ired to
cover certain areas, the flight map, general informat tine of

of a verti-
ively as pre-
apeshould be made
covered by each individua tive. A map of

hasa1:62,500 or1 +48,000 t hie map is usually
d. #A wap of this scale has detail iRgdichyquantity and suf-

to be used in the identific ofthe area covered by
. In the case of T-type pl@m a map of smaller

used to advantage, since the covered by each photo-

fll be much greater from a titude. The index map
for the following reasons:

dicates total area covered n flight or assignment.

(2) A suitable negative coveri particular point may be
selected.

(8) The index map is used
so that in the case of a corff)
of the polyconic projection
the center of the mount.

termine the center of the mosaic
saie, meridians and parallels
roperly located with respect to

23



TM 1-220
30 AIR CORPS

(4) Suitable stations may be selected from the computation of
“average scale” of mosaic by triangulation for ground distances
between said stations.
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b. Template—~In order to ldcate ¢Brrectly the area covered by each
negative on a map, two a re constructed. A first template
1s made by cutting out a area in a slightly larger piece of
cardboard. The standardsmM@gating board for photographs is well
adapted to this use. Th@edged of this cut-out rectangle are grad-
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