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NATIONAL ADVISORY COMUIITTZE FOR AEROMAUT ICS.

TECENICAL MEMORANDUM NO. 345.

PHOTOGRAPHIC TIME STUDIES OF AIRPLANE PATHS.*

By A. G. Von Baurzhauer.

The object of this report is the description of a method

tested by the R. 5. L. (Rijks~Studiedienst voor de Luchtvaart),
which seems to be practicable for determining the path of an
airplane, especially in taking off and 'in landing. This re-
port tells how, by means of a photograph camera, preferably
a kinetograph, which simultaneously photographs a2 stop watch
the distancé of an airplane from the camera and its height
above the ground, can be determined. For this purpose, we
mist know the span of the airplane and the focal length of the
camera lens. The aifplané must fly either with or against the
wihd dircctly over the camera. Various applications, includ-
ing the dctermination of the take-off distance, are described.
A method for determining the velocity is also described.
With the help of these methods, various data can be cbtained
with a fair degree of accuracy, for which there is no other
satisfactory methed. 1In judging an airplane, it is very im-
portant to know its behavior in taking off and in landing.

For the safety of commercial airplancs, there are govern-

ment stipulations* regarding the altitude an airplane must

* "Report V 79" from "Verslagen en Verhandelingen van den
Rijks-Studiedienst voor de Luchtvaart," Part III, 1935, pp. 101-
108, 'reprinted from "De Ingenieur," of Janvary 26, 1824.

** Hinisterial decree of the "Waterstaat" (Department of Dikes,
Waterways and Roads), May 28, 1924.
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reach within a certain distance f&om the starting voint (z.g.,
at least 20 mcters (65.8 fcet) within a distance of 650 m
(2133.5 ft.)). Morcover, it is uscful to know the flight specd
(e.g-, in landing), the climbing spced near the ground, ctc.
It is thcreforc important to %now thc path followed by the
'airplane and ‘the time taken to reach the different points in
this path. This seeﬁs to 56 possible with the aid of the fol-
lowing methods.

In the changing motion, both in climbing and in landing,
existing altimeters and specdometers cannot be relied on.
Barounictric altimeters, in fact, are -accurate only to within
a few meters, which are ncre of considerable importance. The
elastic rcaction of the aneroid box causes perceptible devia-
tions in the positioh of its needle. It should be possible to
find the distances by integrating the changing speed according
to the time. Windmill speedometers would be retarded by their
inertia. The membrane "indicators of manometric or pressure
speedometers are not sufficiently accurate, due to the elastic
reaction.

The method is based on the pcssibility of deternining the
distanccec betwrecn the camera énd the airplane from the size of
the latter's iﬁagc on & photograph, when the focal length of
the camera and the span of the airplane are kmown. In order
to simplify the matter, carc is taken to keep the path of the

airplane in a vertical planc (passing through the camera) par-
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allel with the wind. This accords with the practical require-
ment that the airplane mist face the wind in taking off and
in landing.

The camera is placed with its optical axis in the direction
of the wind and the pilot is instructed to fly in this "wind-
plane" during the test (Fig. 1). The plane of symuetry of the
airplane is kept as much as possible in the wind-plane passing
through the camera. The wings are thus photographed "unshort-
ened." In these tests, thc actual span of the'airplane is
measured and also the span of its image on the photograph.

From the ratio thus obtained and the aocurately—known focal
length of the lens, the distance between the camera and the air-
plane can then be calculated. The lens is focused at infinity.

Let L denote distance of airplane; B, span of airplane;
f, focal length of iems; b, spnan of airvlane image. It then

3 A

+ b. Since E, Fand b

Hy

follows from Fig. 2, that L : B =
are known, L can be calculated. If, for cxample, .B = 12.5 m
(41 ft.), f = 50 mm (1.97 in.) and b = 2.5 -m (-098 in.),
then L = 250 m (830 ft.).

The ciltitude of the airplane can also be determined frém
the photogreph. The vertical line, from the airplanec to the
grounc, lies in the seme vertical plane as the airplane, this
vertical plane being parallel to the photographic negative.

The altitude is therefore diminished on the'negative in the

same ratio as the wiag span. The altitude h and tac-sman b
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arc measurcd on the photograph (Fig. 3). Then H : h

i
o
o'

.
and H = %%, which is the rexl altitude of the airplane.

In order to determine the times and spceds, the instonts

'S

of exposurc of the photographic film must be accurately known.
In this use of thec photographic camera with stationary film
pack, thc exposurcs arc made &t the instants when the photogra-
pher szcs the second-hand vass predcternined points, c.z., at
10, 13, 16, 20, 35, 30, 40 and 50 seconds after the start of a
commercicl airplane. Thrac carmeras are uscd, in order to allow
time for changing the films.

An accuTrate time record is obtained by the similtancous
photographing of a gtop watch, a device for this purpose being
attached to a kinetograph. In order to avoid the necessity
of chenging the camera internally and thus rendering 1t less
guitoble for other work, the stop watch is fitted %o it cxter-
nallv and photographed by means of a concave mirror, as sLowi
in Fig. 4. The stop watch is placed at the focus of 2 nhollow
mirror waich is mounted in front of the lens of the kinctegraph,
the latter being focused at infinity. The image formed of the
watch is one-tenth of its actual size, since the ratio of the
focal lengths of the mirror and of the camera lens is 520 ¢ 50
= 10. The photographic reproduction of this image occupiles a
circle of about 5 mm (0.2 in.) diameter in the lower right-hand

corner of the 18 x 24 mm (0.71 x 0.94 in.) photograph.

The mirror is mounted on the camera su vort and the watch
DY



7

N.A.C.A. Technical ¥emorandum No. 345 . 5

on the camera itself, both being easily rcwmovable. For trans-
portation, the mirror and its sunport are packed in a small
case 4.5 X 6.5 x 85 com (1.8 X 2.8 X 38 in.) anéd the watch is
carried inverted on the camera. Altogether the extra weight
is nearly 1 kg (2.2 1b.). The mirror is a spectacle-glass
having a focal length of 2 m (6.556 ft.), with one side silvered.
In front of the camera lens, having a focal length of 80 or
150 mn (3.15 or 5.91 in.), there are devices whereby a second-
ary system »rojects the image of the watch on to the film,

with the aid of a prism'placed between the film and the lens.
With a kxinetogravh, a complete series of pictures can be ob-
tained, showing all the special points, e.g., the first con-
tact with the ground in landing, etc. In order not to nave
too many pictures to be developed and to save film, a speciai
adjustment can be made, so as to take about two pictures a sec-
ond, instead of the usual nunber of 15-13. The exposure can
be made short enough by increasing the sigze of the aperture.

In taking off, the film records, with a fair degree of
accuracy, the instant of leaving the ground. In order, how-
ever, to determine from the photograph the distance taxied,
usc is made of the time as found directly with the aid of a
stop watch. This method has heen verified and found to be Te—

liable by direct measurement on the ground.

Judging the errors.- For measuring the pnotographs,

ck
+

+
O
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R.S.Ls used a Leitz measuring microscope suited for plates not
larger than 13 X 18 cm (about 5.1 X 7.1 in.). For images larger
than 5 mm (0.2 in.), the rmeasuring is done on double vertical
scales with verniers to 0.05 mm (0.002 in.). Smaller images
are measured with an ocular micrometer, whereby the accuracy
limit is set by the fineness of the photographic material and
the charpness of the definition, that is, at 0.02 mm (0.0008
in.). If the error in measuring the size of the image is AD,
the error in the actual distance is AL. AL =fb |
On replacing b bylits value %?, we obtain AL = - Ab X %% .
The absolute error in the distance is inversely proportion-
al to the focal length and direétly pIOportionai to the square
of the distance.* For a certain maximum error in the'measure—
ment of the image, the necessary focal length can be calculated:
for the given conditions and a certain admissible error in the
distance. The following example will illustrate. ‘
The span B = 13.5 m (41 ft.); distance L = 500 m (1640
ft.); error in measurement of image Ab = 0.02 mm (0.0008 ine).
With 2 focal length “f = 50 mm (1.97 in.), the calculated error
in the distance is 8 m {26 ft.). This focal length is util-
ized in the Ernemann kinctogreph, with which various expcri-
ments of this kind have been tried. With this camera, suc-

cessive cxposures can be rapidly made.- In plotting the path

* This appliss also to the two-glass tclemeter. In comparisons,
the span of the airplane is taken as the basis of measurenient.
The size of the image is the unit of wmeasurement for the paral-
lax. ’
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through the svccial points, only o small nean crror is made.
For the accurate detcrmination of speeds, ctc., at grecater
‘Cistances, 2 lens with a groater focal length rust be uscd.
With £ =720 mm (28.35 in.) and B = 12.5 u (41 ft.), the rel-
ative error at 1500 n (nearly 5000 ft.) is only 1/3%. If great
accuracy is desired, somc object of known size and distance
can be included in the photograph for the sake of comparison.
Errors due to thc camera have little or no cffect on the
accuracy of the altitude neasurenments, since the height and
width are both affccted alike therchby. For detcrmining the
altitude, the distance rust be measured on’the vhotograph from
some part of the airplane to the horizon. A4s a rule, the hori-
zon 1s not sharply defined on the photograph. In practice,
the horizon was successfully replaced by the horizontal plane
passing through the lens. A point is then taken on some ob-
ject (e.g., a house) or person in the background, which point
is at about the same level as thc lens, while on the airplanc
sone poinf is selected which is as nearly as possible at the
- same level when the airplane is on the ground (Fig. 3).

As regards the timing, the accuracy depends on the time—
piece used and the size of the divisions. Readings can be ac-
curately made to 1/5 second on a watch having a dial 50 mm
(about 2 in.) in diamcter with a revolution period of 30 sec.

Fig. 5 records the measurcments made on photographs taken

during the start of an observation airplane. Both horizontal



N.A.C.A. Technical Hemorandum No. 345 3

distance and altitude are herc plotted against the time. The
scattering of the points is very slight, even at a long dis-
tance. The climbing syeed became practically constant shortly
after the airplane left the ground. The following results
were obtained: length of ground run, 104 m (341 ft.); time
taken for rﬁn, 8.7 sec.; distance flown during 16th to 35th
second’ inclusive, 240 m (787 ft.); mean speed, 24 m (78.7 ft.)
per second. The velocity of the wind being 7.5 m (24.6 ft.)
‘per second, the speed of the airplane was therefore 24 + 7.5 =
31.5 m (103.3 ft.) per sccond or 113 km (70.2 miles) per hour.
At 300 m (984 ft.) from the starting point, the altitude was
38.5 m (126.3 ft.). At this point the cliﬁbing speed was

6.2 m (20.3 f+.) per second.

The photographic method is preferable for mecasuring the
take-off and landing runs of seaplanes, since these distances
cannot be measured With'a tape, ds in the case of land air-
planes.

 As one of the accomplishments of the photographic method,
We.can'also report the measurement of the maximum specd of an
airplane from the ground. The usual method of determining the
speed of an airplane is to eliminate the velocity of the wind
by flying along the sides of a triangle. If the path of the
airplane happens to be in the direction of the wind, it is only
necessary to fly over the samec route in opposite airections.

This scldom happens with fixed landmarks, but can be obtained
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at will by the photographic mctl hod, the airplane having only to
fly over the oamera both with and a2szainst the wind.

The fact that the altitude can be deternined with suffici-
ent cccuracy for several kilometers vefore the begianing of and
during the course, furnishes a good control of the so—-callcd
tgteken" (i.e., the diving before and during the coursc) for
the purposc of unfairly increasing thc speed. Whencver the
aviatoTrs know that the altitude ig prescribed, they should re-
frain from this trick.

With o great cnough focal length, £ = 720 rr (28.35 in:),
a coursc of 3000 m (nearly 10,000 ft.) can be covered, i.c.,
1500 m (nscarly 5000 f£t.) from the caricra in each Girection.

By toking scveral photogra »phs at the distance of avbout 1500 wn,
the effcct of the errors can oe iessencd by taking the wecan
result in the graphic reoresentation. In this neasureient, 1t
is'desirable, for the sake of comparison, IO includc in thce
photographs objocts of known dimensions and ot cbout the sanic
gistance (c.g., 1500 m).

Since grent accuracy ig required, a watch whosec sccont-
hand revolves oncce in three seconds con be crployed. The ox-
nosure tinc of 1/60 sccond would give a plurred image of the
hand ot o higher rcvolution specd. In this way, the time can
he rend fron the image tO 1/100 second.

1 tnink the above-described method will mect the require-

nents of the Intcrnational Acronautic Federation for measuring
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the maxirun spced of airplanes from the ground.

In conclusion, it ray be remarked thet this method can
perhaps be utilized in other fields, e.g., to dctermine the
speed of shins. In the latter case, the kinetograph can be
placed on board, in order 1o photograph landmarks whose distance

is known.

Translation by Dwight- il. Miner, .
Nationol Advisory Committee '
for Aeronautics.
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