
:. 

THE UNIVERSITY OF CHICAGO 

DEPARTMENT OF METEOROLOGY 

PRELIMINARY REPORT ON THE DEVELOPMENT OF THE 

ANIMATED MOTION PICTURE IN MESOMETEOROLOGY 

by 

Tetsuya Fujita 

Technical Report Number 6 

to 

United States Weather Bureau 
(Contract Number Cwb 9530) 

June 1959 



.-

.e 

THE UNIIT~SITY OF CHICAGO 

DEPARTMENT OF METEOROLOGY 

PR~IMINARI RJ!l>ORT. ON THE DEVEWPMENT OF THE 

ANIMATrn MOTION PICTURE IN MESOMI!.'T:EOROLOGY 

Tetauya Fujita 

Technical Report Number 6 

to 

United States Weather Bureau 
(Contract Humber CWb 9530) 

June 1959 



~· 

.e 

PRELIMINARY REPORT ON THE DE-!E:WPMENT OF THE 

ANIMATED MOTION PICTURE IN MESOMETEOROU>GY 

b7 Tetaura Fujita 

l. INTROD1£TION 

Since Auguat, 1953, the writer has been investigating mesoacale 117steu and 

features, auoh as aqliall lines, organised convective •JSteu, tornadoes, hurricane 

rainband8, etc. Hundred8 o! charts · and ·diagrau have been ana~ed so !ar !or 

the purpose or describing the behavior o! the atmosphere in two~ or preterab~ 

three-dimensional representatione. 

Standardisation or anal.3'"sis aharta and time section sheets vae introduced. 

8 fW 78&ra ago; thereafter the .standard Size 8t X 11 inch tracing pap&r W88 

used, unleas other sizes were required for some reason. Thia standard sise, 

tirat couidered too small, now appears to be a very h•nc!T aise for handling and 

analJ'zing the charta. These chart.a are kept flat, without being ~lied or lmrOll~ 

ed, in standard siae fold!'rs f'roa which thq are easi~ pulled out at the time ot 

use. Meteorologists and plotters were continuousl.3'" trained to do fine and artist­

ic •teorological. woric on sheets<;>! such sll&ll. size. 

The writer learned that character animation and background painting are made 

on very small sheets, suoh _aa 10 x 15 inches in size, which are .tilaed. tor th• use 

~r cO-rcial 35 J1111 J10viea. Theretore, it seeaed justifiable to use Bi x U .inch 

charta ror 16 • ani.ated picture•. Although it was known that hovl1' ·charts, · 

when f'ilaed, would .look too jumpy and too fast on a screen, a test film of three 

sequenoea of auch charts vae made with the wte of a tripod-fix9d JIOvie camera. 

The rotult, although it turned out as expected, led the writer to take one step 
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toward the production of aniaated weatber chart. bJ' addiDg in-between charta. 

'l'his report will ioolude a description of the animation inatruaent . and 

techniquea being developed b)r _the writer • 

2. AlfIMATIOli EQUIPMENT 

in animation t~tler deeigned and constructed by the writer is shown in Fig. 

1. Th~s titler is capable or aounti~g either an 8 1111 or a 16 ·- JOOvie o~era in 

horisontal poeU.ion, and oonsiets ot an electric switch to control light intensity 

on the anillated chart and of a meohanica1 ·a79taa to operate the camera shutter. 

'ftle height or the camera above the chart to be .filmed may be changed continuously 

between 10 and JQ inohea. 

This t.it.ler oan be operated bJ' using the hand lever or the foot lever duign­

-~-· pull the electric switch down, lighting foar. hundred-watt j>hotOflood light 

bulbll, and, after a fw tenths of a .a·econd, pressing the camera abutter. 'l'he ad­

j:uated· t1- lag between ·the electric contact and shutter operation is about 15 

Jlicroseoonde during which the color temperature of. the bulbs goes up to J400o F• 

'!be •chanical parts or the titler are designed to be Ye17 tirll and aosolvte­

q dependabl•J even a siiigla mistake in an entire operation ·aho~d be avoided·. e '!he tiM lag adjustaent loop allovs a very short del.q before the •ohanical con-
.. 

nectiou to the connecting rod is set in motion. When the conneoting rod, oounter- . 

weighted 1J1' the balancing spring, iB depz:9•eed, the connecting acrw, adjustable 

but tightened, turns the ah utter plate which operates the oaaera shutter. Either 

8 or 16 JD caaeras can be ued. 

~e electrical •J'Ste.J!a or the titler is operat9d b,y a lever to which a spring· 

18 connected which pulls a knife .. switch down. This switch, in its ~up" position, 

connects the ·lOO-watt bu1bs in their series connections, L1- L
2 

and L3- L4, exert-
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ing 60-volt pressure on each of the bulba. Becaus~ or the increase in resieta~ce 

of tungsten filament with rising temperature, each or the tour bulbs will be 

·lighted with a power of about 40 vat ts. The titler is thus illlJJli.nated b;y four 

40-watt bulbs when its lever is lett untouched. The color temperature or the 

bulbs at this time ia very low, with yellowish light qualityJ this is, however, 

an ideal illl11d.Iiation while changing charts !or the following shot. 

'!'he "down" position of the switch is reached b;y stepping on the ~oot or 117 

pulling the hand lever torwar4. '!his contact iDlnediate~ changes the aerie• oon­

neotion into parallel connect.ion, exerting .120 volts on each or the four bulbs. 

'!'he color temperature rises to 3400o F within one-tenth or a second. 

'!he life ·of the phototlood bulbs is V'flr'T short, on the order or hours under · 

normal o}?eration, and it is not practical to use tha to their full brightness. · 

The electric a79tea dou prevent the bulbs frea burning out, and at the same time 

the series circuit illllllination gives the photographer a complete picture of how 

a chart or drawing would appear under intensified illumination. Tbe im.ges or 

bulbs or ot.her shinT objects ~ttacbed to the titler, which m:1ght appear u a 

result of reflection froa the surface of a plastio sheet or a glass plate, will 

not appear on the f 1111 if the images are oare!ulJT ellldnated under the illmin­

ation or the \four 40-vatt bulbs •. 

'l'be height or the caaera apove the chart to be photographed ia ·scaled n9t 

only ·in inches, but also in a series of numbers vhioh are UBed whan the height 
. . 

of ttie camera is lowered or lifted. The vert,ical scale with these nuabers wu 

computed so that the successiv~ chart.a, after being .filmed, expand .or contraot · 

at a constant rate • 
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Let r. be. the .focal length of the c..-a i ... and~- the height of the leu 

~bOve the chart to be tilMd. 

-'- + h 

ci~tric <>Ptica giwa the relat.ioua 

r 
R 

I · I b=f 
b .· 

·= t;-

(l) 

(2) 

where ~ 1a the distance between lmul and tila, r a~d -~- the red1• ftOtora ftov'1 

in Fi{!:. ). 

AdlDliDg that the rate of tiae change 1n _r, the vector Oil t.h• !11.a, ii pro-. . . . .· 

portional to ~, th• length ot the · ffOtor Oil the.· ohart, we have i 

_s!!._ == k R (3) dt 

where ~ .ill a comttant &'lepruailig th• apan.eion r,te ot th• tillled obarta. A..,... 

1Dg that ,b 1a approximte'.q equal to· t, and. tif'terentiati!lg eq•ti• (2) with·· 

_il_ = -Rf h 2 .JUL 
d t d t 

Mezt we el1w1nate ~ by' uiDg equatiOR (3): 
dt 

-2 k ...... h d h = -f- d t 

Attar integrating both sidu, ve d~tenaine the int,e~ation ·oonaQ!ltJ tAu t.h• .· 

h•igllt wq be G:pmaed t171 

(5) 

were h is tu initial height or the camera lens. ' "t> . 

. The titler deaignect b7 the writer has dimuaiona .. ot · ~o • 100 .ca . and .t.. • '2. oa. .· 
·' 

Pv.tting· th•• Y.luea ·in equation ·cs), ve arrive ats 

h-I =+kt + 100 
<en\:) . ~ <6> 

'·.· 

-........... · .. 
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The time required to lower the caaera from ite hi~est position, ho1 to )0 oa, 
t.he low .. t position, i• obtained ••: 

310 ==·+ k tm + 1~0 
tm = 1 lo k . 

Experience showed t.hat ·ta• S aee gi"8 tairq smooth expansion or the chart· on a 

screen. 'lhia rate, th•retore, -wu ued as a standard aoale. Actualq, 76 piotmoea 

will be taken during. a cl•oen~ fro• 100 ca to 30 am. 'ftle height ot th• cuera· 

lena at interftla or 1/16 seo 1a tabulated in Table I. · 

Pictures ·of both 8 - ·and 16 • oueru 1i1 operation are shown in Fig. 4~ 

'ftle aingle trne ehutters or these cameras are oonneoted to the shutter plate bJ'· ·· 
means or a aetal wire which pull.8 (S • oqera) or puSbu ·(16 • caaera) to ope 
the shutter. A teat operation ahovad that the mechanical links are V9'r7 depend• 

able: not a single erroneoua operati0n occurred in 31000 repeated teata. 

A·aise oonTeraion gadget wu deaigned and •de. A photognph appear" in 

Fig. S. Bj' uaing thia gadget vit.h at.taohaent.8, black and white .negative• oan H 

•d• trau 

A • 35 llii color slides 

B. 35 •movie film 

c. 16 -. movie tilme ' .. 
} , 

D • . 8 ·• movie fil.as 

Convsr•ion ot the filll size i• required in aniJlating meteorological ·aharaoters, 

•uch as. tornad.oee, waterspout., etc. Most of the Fargo tornado pictures have 

been conYerted into 35 - negatives • 
/ 

). CHARACTER ARD CHART ANIMATIOH · .,<'.': 
";. .' .,. .;, . -....... 

The resul.t or this chapter was presented· at the A.M.S. National Meeting in>~~";;·;;~ :·.' . . . ~ .. ~~~ ::· :·. 
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Tille 0 sec l sec 2 sec . 3 sec 4 1ec 
; 

0{16 ·880 . 100.0 66.1 . 50.0 40.0 

Jtl.6 . 97.2 65.4 33.0 

64.l 39.0 

J/16 JB.) 32.4 

S/16 · 61 •. 6 47.0 38.o 32.1 

S/16 86.2 46.3 37.6 

6/16 84.0 j1.2 

7/l.6 58.2 .36.8 

8/16 57.1 44.4 30 •. 9 . . 

1a.o S6.l .. .43.8 J6.o . jo~6 . 

l.0/16 76.1 . SS.I . ·· 43.2 35.6 . . ~"J--

uffe" 74.S 

72.8 5J .. ) . 42.0 

71.2 

51.6 ·u.o 
1?1¥ 68.l 

Table I. ftle height or the oaaera lena above the -~•rt, in 

ca, taimlated u a function or tiae • 

·. I 

' . 
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wunington, D.c .• , • -May 5, 1959 • 

The 16 - ru.m, lasbi.ng about ten minutes when projected 16 fr&JM8 

per second, consists oti 

. (A) 24 surface charts at one-hour interval.a. (Winds and isobars in 

bla:ck1 hourq precipitation in blue.) 

Eight frames, f'our frames, · tw~ frames and one trame were photographed 

pe~ chart. These hourl.7 charts appear 1n Figures f> ~ 31. 

(B) BO -surf.ace ieothma charts at 7o,S-minute interval.a. (laothenu, 
. . . 

in orange.) 

· These ~arts were photographed one frame, two ·frame• and three frame• 

-per chart • . It wu to~ that two trame1 per chart give• the best realllt. 

(C) 196 1urf'ace ohartll at 7.S-111.nute inte~lao (Station vinda in black, 

isobar• in purple 1 · aeaoacale aysteas in green, and isotherms in orange o) 
., ., . 

~e _ fila 18 made by taking two pictures or each chart _ covering the 

period 12 CST, June 201 tbroUgh 12 CST, June 21, 1957 • . After the end of 

the aeries, the charts were photographed i1n reYereed order in which ~illle 

(D) 196 100 mb chart.a at 7.5-minute interval.a.· 

These charts consist or about 30 red circles~ originalq placed at 

grid points, which are displaced with the 700 ... b wind pattern. The 

direction of the 700 Jllb height contour and the obser....d wind speed were 

used in determining the d.illpU,acement vector of each circle. A detailed 

description of the•~ chart.I appeara in Technical Report. No. :7, 1959, 

to the . United State• Weather Bureau. 

' 
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(E) 196 · IJurfaoe and 700 Jib charts~ 

Both ihe 700 Jib wind charts, drawn on thin plastic sheets, and the. 

1urtaoe chAl'.ta, vere photographed by auperllipoaing the toraer upon the 

lattez-11 'ftlis fila1 when proj·ectec:l on a screen, showed u interesting 

relationahip bet.ween surface and 700 llb charta. 

COHCLUSIOIS 

.As a result of tba preH•1na17 investigation o!· wea"tber chart animtion, 

it becaM en.dent that a llO'rl.e ia·.·capable' of representing coatinou changes 

in iaobar8, aothenu, winds, eto. In addition to the three-diaenaional 

an&:qaia dealiDg with x, 1' and. s, "ti.Ile", the fourth dillenaion, now appears ·to 

be vf!ll:'f illportant • 

As has been well recognised, aeaoaeteorological phenomena change with time 

so fast that their d•oriptiona, b7 meana or chart.It or ~avings, at long ti.Ile 

inte~vala such as one, three or •ix hour~, are not satisfactory. '!be introduc-

tion of tiae oontinuit.,. will, therefore, permit ua to •tud7 the mesometeorologi-

cal phenomena by using a "four dhtensional teohnique". Thia technique can be 

carried out. bf trained assistant-level peraonn.el .under the direction of senior 

aeteorologi.ata. Of course, it 1a absol'~tei,- neceaaaey to develop Q~jective . ' ~ ' 

teahniquea in' .-king in-between charts froa either one-hour Ol" 3041.nut. inter­

val charts ana'.cyzed b1' senior aeteorologist8. 

Another important use et thie ani.Jla.ted motion picture is to observe "d7J1Ud.-
. . 

cal relationships" between two or more meteorological el.eaenta. Each el.eaeat, 

drawn on plastic· abeata, oan be photographed by superimposing it. upon the otben,, 

thus enabling all to · display thetr indi rldual •v-9nta •Uml taneouaq. Oil ·. a JIOft' · 

screen. 
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