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PRELIMINARY REPORT ON THE DEVELOPMENT OF THE
ANIMATED MOTION PICTURE IN MESOMETEOROLOGY

by Tetsuya Fujita

1. INTRODUCTION
Since AWt, 1953, the writer has been 1ﬁvestigating mesoscale systems and
features, such as squall lines ,' organized convective systems, témdoea, hurricane
rainbands, etc, Hundreds of charts and diagrams have been ana]jzed so far for
the purpose of describing the behavior of the atmosphere in two- or preferably
three-dimensional representations. -
Standerdization of analysié charts and time section sheets was 1n§.roducad

a few years ago; thereafter the standard size 82 x 11 inch tracing paper was
used, unless other sizes were required for some reason. This standard sise,
first considered too small, now appears to be a very handy size for handling and
analyzing the chéru. These charts are kept flat, without being rolled or wmroll-
ed, in standard size folders from which they are easily pulled out at the time of
nse, Meteorologists and plotters were continuously trained to do fine and artiét»
ic meteorological work on sheets of such small size. |

_ The writer learned that character animation and background painting are made
on very small shéets, such a8 10 x 15 inches in size, vhich are filmed for the use
of commercial 35 mm movies, Therefore, it seemed justifiable to use 8% x 11 inch
~charts for 16 mm animated pictures. Although it was known t.hat. honrly.'charu - |
when filmed, would look too jmy' and t.oo fast on a screen, a test film of three
sequences of such charts was made with the use of a tripod-fixed movie camera.
| The result, although it turned out as expected, led the writer to take one step



"

toward the production of animated weather charts by adding in-between charts.
This report will include a description of the animation instrument and
techniques being developed by the writer.

2, 'ANIHATIOH EQUIPMENT

An animation titler designed and constructed by the writer is shown in Fig.
1. This titler is capable of mounting either an 8 mm or a 16 mm movie camera in
ho‘r_:lsont.al position, and consists of an elqctric switch to control ligxt intensity
on the animated chart and of a meohanical"systoa to operate the camera shutter,
The height of the camera above the chart to be filmed may be changed continuously
between 10 and 36 inches, | |

‘!513 titler can be operated by using the hand lever or fhe foot leyer dulign-.
8dit0 pull the electric switch down, lighting four hundred-watt photofloed ]_.1ght
bulbs, and, after a few tenths of a second, pressing the camera shutter. The ad-
justed time lag between the eisctric contact and shutter operétion is about 15
a;.efosecenés during which the color temperature of the bulbs goes up to 3400° F,

The mechanical parts of the titler are designed to be very firm and abselutc-
ly dependabla; even a single mistake in an entire operation should be avoided.
The time lag adjustment loop allows a very short delay before the mechanical con-
nectién to the connecting rod is set in motion., When the commecting rod, oount.;r-
weighted by the balancing spriné, is depr?ssed, the connectiﬁg acrew, adjustable
but tightened, turns the shutter plate which operates the camera shutter. Either
8 or 16 mm cameras can be used, ,

me’electrical system of the titler is operated by # lever to which a spring
is connected which pulls a kni;‘e #witch down. This switch, in its "up" position,

connects the 100-watt bulbs in their series connections, Ll- L2 and 'L3- L , exert-
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ing 60-volt pressure on each of thé bulbs, Because of the increase in resistance
of tungsten filament with rising temperature, each of the roﬁr ‘oulbé will be
‘lighted with a power of about 4O watts. The titler is thus illuminated by four

4O-watt bulbs when its lever is left untouched. The color temperature of the
| bulbs at this time is very low, with yellowish light quality; this: is, however,
an ideal illumination while changing charts for the following shot. |

The "down" position of the switch is reached by stepping on the foot or by

pulling the hand lever forward. This contact imediate]y changes the series oon-.
nection into parallel conmnection, exerting 120 volts on each of the four bulbs.
The color temperature rises to 3400° F within one-tenth of a second.

' The 1life of the photoflood bulbs is very short, on the order of hours under 5
normal operation, and it is not practical to use them to t.he.irrfull brightness.
The electric system does.prevent the bulbs from burning out, and at the same time
the series circuit illumination gives the photographer a complete picture of how
a chart or drawing woulci appear under intensified illumination. The i.lﬁgﬂ of
bulbs or other shiny objects attached to the titler, which might aﬁpaar as a
result of reflection from the surface of a plastic sheet or a glass plate, will |
not appear on the fiim if the images are carefully eliminated under the illumin-
ation of the four LO-watt bulbs. .
| The heig;l'xt of the camera above the chart to be photographed is scaled not
only in inches:, but also in a series of nﬁbers which are used when the height
of the camera is lowered or lifted. The vertical scalé with these numbers was
computed so that the su;cessivq charts, after being _filmed, expand or contract

at a constant rate,



Let £ be the focal length of the camara lens and h the height of the lems
- above the chart to be filmed. Geomstric optics gives the relations:
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where b is the distance between lens snd film, r and R the radius vectors shown

in Fig, 3.
Assuming that the rate of time change in r, the vector on the film, is pro-

portional to R, the length of the mtor on the chart, we have:

dr
dt

= k R (3)
where k is a constant expressing the expansion rgté of the filmed charts. Azsum-

ing that b is approximately equal to f, and differentiasting equation (2) with
respect to t, we have:

U
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Next we eliminate g—;; by using equation (3):

—h2dp = -';—dt

After integrating both sides, we determine the int,egéat-ion constant; thus the -

height may be expressed by: _ |
E,h"'=~—‘;‘-—1 + hy | (5)

where h_ is the initial height of the camera lens.

‘The titler designed by the writer has dimensions of hy = 100.cm and f = 2 om.

Pnttiug these valm in equation (5), we arrive at:

"'l_..l_ l m (6)
h™' = kt + =55 (c_m‘) g o e

2
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The time required to lower the camera from its highest position, hy, to 30 on,
the lowest position, is obtnined as:

e il

= k tTm + o)

_ 7
L 150

© Experience showed that tm = 5 seo gives fairly smooth expansion of the chart on a '

k

screen. This rate, thorefore,-ua- used as a standard scale. Actually, 76 pictures
will be taken during a descent from 100 cm to 30 cm. The height of the camera
lens at intervals of 1/16 sec is tabulated in Table I.
~ Piotures of both 8 mm and 16 wm cameras in operation are shown in Pig. L.
The single frame shutters of these cameras are ovaateiltn Uie shutter pht.ie by
means of a metal wire which pulls (8 mm camera) or pushes (16 mm camera) to open |
the ahutter. A test operation ahewed that the mechanical links are very depend- A
- able: not a single erronecus operation ococurred in 3,000 repeated tests.
A size conversion gadget was desigmd and made, A photograph appears in
Fig. 5. By using this gadget with attachmt.a » black and white negatives can be i
made from: |
A. 35 mm color slides
B. 35 sm movie films
C. 16 mm movie films
D.. 8 sm movie films - |
Conversion of the fila size is required in animating meteorological characters, 7
such as tornadoes, waterspouts, etc. Most of the Farge tornado pictures have

been converted into 35 mm negatives.

3. CHARACTER AND CHART ANIMATION

The result of this chapter was presented at the A.M.S. National Meeting in’
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Time 0 sec 1 sec 2 sec 3 sec ly sec -
8/16 sec _100.0 667 50.0 100 333
116 97.2 65,4 19,2 39.5 33.0
286 ohs 6kl W8 39.0 3.7
_;/16 9159 62,8 7.7 38.5 32,4
b/16_ 89,5 61,6 L7.0 38,0  32.1
_5/16 86:2 60 463 3.6 3.8
6/16 Bu.0 593  US.6  37.2 3.5
7/16 8.9  $8.2 k5.0 368 3.2
8/16 79.9 STl bhdi 36k 30.9
9/16 78.0 56 43.8 36,0 306
10/16 761 55.0. 3.2 35,6 30.3

7he5  She2  h2,6  35.2 30,0
12/16 728 53.3  b2.0 3.8 . 29.7
13/16 7L,2 S . W,5 3hk 390k
1h4/16 69.6  Sl.6 W0 330 29,1
15/16 68.1  50.8 40,5 33.6 28,8

Table I. The height of the camera lens above the chart, in

om, tmted as a function of time.
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Washington, D.C., &n Msy 5, 1959,
The 16 mm film, lasting about ten minutes when projected 16 frames

per second, consists of:

(A) 24 surface aharts at ome-hour intervals, (Winds and isobars in
black, hourly precipiiatidn-ih blue. )

Eight frames, four frames, two frames and one frame were photograph'od
per chart. These hourly charts appear in Figures 6 - 31, .

(B) 80 surface isotherm charts at 7.5-minute intervals. (Isotherms
in o'rlnge.)
" These charts were photographed one frame, two frames and three frames

per chart, It was found that two frames per chart gives the best reanlt.

- (C) 196 surface charts at 7,5-minute intervals., (Station winds in black,
iscbars in pufple,_‘moacila systems in green, and isotherms in orange.)
The film is made by taking t&o pictures of each chart covor:l‘.ln’g‘the
period 12 cS‘Ir", June 20, tm_-ough‘ 12 ¢cST, Jund 21, 1957, Aﬂer the end of
the series, the charts were photographed in reversed order in which 'pini
-runs backward, :

(D) 196 700 mb charts at 7.S-minute intervals.

These charts consist of about 30 red eircles, originally placed at
grid points, which are displaced with the 700 mb wind pattern, Thé
direction of the 700 mb height contour and the observed wind speed were
used in determining the displacement vector of each circle. A detailed

' desoription of these charts appears in Technical Report ﬁo. 7, 1959,
" to the United St;tes Weather Bureau.



(E) 196 surface and 700 mb charts, .

Both the 700 mb wind charts, drawn on thin plastic sheets, and th‘o
surface charts, vere photographed by superimoaing the former upon the
latter, This film, when projected on a screen, showed an i.ntoroat.ing
relationship between surface and 700 mb charts. '

CONCLUSIONS |

As a result of this.prelm.ﬁary investigation of weather chart animation,
it became evident that a movie is capable of repreeentixig continous changes
in isobars, isotherms, wind;s, eto, In &ﬁditd.on to the three-dimensional
analysis dealing with x, y and 3, "time", the fourth dimension, now appears to
be very important. _ | |

As has been well recogniszed, mmteor;ological phenomena change with time
s0 fast that their descriptions, by means of .charts or drawings, at long time
intervals such as one, three or six hours, are not 'aatiafaotory. The introduc-
tion of time continuity will, therefore, permit us to study the mesometeorologi-
cal pheneiaena by using a "four dimensional technique"., This technique can be ‘
carried out by trained assistant-level personnel under the diéecti&n of senior
mteorologﬁt_a. Of course, it is absg]fut,ely necessary to develop abjective
techniques in making m;betwoﬁn charts from either one-hour or 30-m1nut,em inter-
val charts snalyzed by senior nétecrologists.

Another important use of this animated motion picture is to observe "dynui_-
cal relationships" between two or more .neteorol'ogical elements, Each elanent;
drawn on plastic shests, can be photographed by superimposing it upon the others P
thus enabling all to display their individual movements simul taneously on a movie

screen.
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