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A Tf~\8T 

it pcs~iblc to ck~,iga a wide variety of t ime-1 .... p e c.-.quipmeat 

e xposure contro · and t ech;1i ues prorr.Jse better photo­

grapl\}.,. under diverse li_;;ht. conditions .. Application of p.1oto­

gramwctr--1 t o time-la_ps e analysis will al10°.v 1neasur -ment 

of rnte of ch.'l.nge of <li.st.:1n e , elev"'ticn > an<l direction . 
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Coloro.do .':t:?.te Un.ivcraity 
Fort Colli!ld , Color""do 

l'ifany events occtt too slowly !or accurate observution by t he 

human eye. T ho Ur.r,.e-lupse caoer~ 1s a tirde..::, ·observer t a.at can pro-

compressed by time- ' ps~ p1.1oto rnphy . gc-olczic phenomena '!r.a.y be 

a nalyzed iram 0 by irn.rne an shots of particula r e:vents 

m any times es nece:-;;sary t o view c ~ rythi.'l.J t o bo seen .. The film cail 

even be rU.!l in ro N'S0 an an evct1t t rnccd ba~k to its ori '""in. As the 

geologist i s primarily an .}G~r vcI", t, ad 1i io:ial dimcutdon an. the 

Crandell. 1959)., l a1 ,L.,lldos , r ipple O.U' uni? Eorn~atio i n a le.boratory 

ilurtte , C:evelc mcut of mc.del m nni pnttern c han3e b: a g laci 
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stream (Fnhnestc.-c { # 1959). An:.ong tho m~'1.y pos~fol .... uses for the 

t echnique ere the study of ud flows ,. weat1:rnr1n6 , ero.aio.i . slope • evelo!)-

ment a.nd soil creep. Timc -la:J£C films should prove exc ... 11.;n.t 

teaching t ools .. 

•rne. geologic process t o b ~ studied , a1-:i the m~asnremcnts desi:red > 

det-ermhe the type o! equipment , at i;:!iould be used . Proc-esaes that are 

c o•1tinuous re uire cq lip nc t designi::d for co! tfuuous o.,.H.~r.1.tion.. fo.tc.r ­

mlttc t processes uc1 an the passa~e of a flood wave ay require special 

activatio.g de ices t o · -err.cit caiuera operatio~ only 'uriog pcrioc!..'l oi acti-

vity. or photozr".p.ay at an increas"' rate . 

The 11 utlon p dure ca .. rH~ra is est 4':uit e<l to provide a cca inuou. 

r ecord of events · t tru-.e plnce over p~t .. lotL ·vllich rau...,e from minutes to 

days . It •·' so can be usca fer c~ents rec uirlnJ much lon.,;, r perfo<l.s; , . 

although p;:1,.ot ogro.i) s m.~dc with camerru; ~·dta lar ... ~r formuts m:i.y provide 

more eefu rccoro er s ow process..,s . 

\"l'acn me ... sure:rrnents ! t he ch2.n.ges in d.istn. ca ., di .. edicn., eleva-

tion, i1nd ·velocity re des~ --cd , ~. nu.r.aho f tlcviccs may b·~ en:t loyed. 

'Grid systen1s ., r ef er "'nee poLts , nnd ""calcs r:1ay b~ placed i n the ffold cf 

view of the camera for reference . Fro., t.h1t!s .e known reforences ~ values 

m ay be t ·ead diri!ctly or i nterpolawe 1th a .f~ir deg ·ee of accuracy. 
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Eogi.l.eers nt Colorl!do State U iver eity ar~ work~ri6 on equipmeat to expose 

a sequence of atcreo pair to ollo• ):..,.oto~trammdric ra.easurement of clo d 

foI u .. .ation {oral co.n:unuakutlon). For photograr.nmetrk uae • nct·"'~tiv:cs on 

film 70 millimeters wide or even lare • ~re esi!'a"ble . 

tor , &nd c::u .t.1era. .1. .. um.ere s cornme1"cfal ral:!c· onisms are a " · able for t i me-

e ritic ; however , i:r.any aro exccs.sively h ·a ·vy o.nd {or) require fuirly efo.bo-

r ate- light ruid power syt1ter::is. Because eeo o~ic wor'· in o.fte.1 tloue in 

r emote l oc"'tio. s , port~bility nnd sic1• licit'.f o. e:qu' '" ·mcnt is a i:eq isite . 

A number cf motors , which co 1.bine t ir.,;~r an ca..."l'1cra actt :J.tor . 

are aveilable fo .. ruald..ag s •. g le frafae e.·::pos u~cs wiL11 16 m..illim :ter d .ne 

cam.eras. Unfortunately for th.e g ~o-eiJfr;;t , n:wst if ... wt ml t~u~.h cqu:pmcut 

r equires 110 volt u terrp tfog current for operot!or.1. T, ·est mech .... n.isms 

!or battery-oper.:.tcd r.1ctu.:.ting ccvkes ,ippem:' to be so!e;:1oid uni .. s o­

motor dri rea cam ' ·nits . Anotber p ssibility is a ,µulse type ca1~era th~t 

exposes on frtu:n~ for each. imf)u.12:... recei e iror:n the timer . 

i un1oro· s 110- volt timjn~ devic€:s are uvailahlc p aud one articl 

(Boger , 1960} rlcscrib~s a devi "' thn.t can ..:. com:,,-trnctcd for n material 

cost of ~ 6 . 50. Such c. evices can be bat .e1~y opfJ1·~t€d with ;:tu .hverter; 

however , the unit would b,_ heavy 
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drain . At l east •O;.e portable bat ery-operat ed t i:mer is available commer­

cially (I,!eteo.rology Re.search- , Inc .). lit iller ~ r-arshall, and Cr«ndell 

(1 961) hav-c described a battery-operated Urncr . 'l"he iajor obstacle to 

ersntlle , ~u i?l.e:x .nsivc ti er which is p-'.)l'cnblc . 

G,Jol o 7 ist s .fl--e:q1.1ent y c:tcounter ')hotogruphic probl en--...a oocausc o! 

highly va.ric light con.<lihons . These problems can , i n many i nGtanccs , be 

solved by automa.tic exposure controls . These controls are availabl e on 

at least 57 C- .n::illi1~cte.r motion picture cameras , 2 16 ... in illim t.er cameras 

nnd 11 35-millir 1et0.r n-Ull ca.m ... r as ( 19 l Fhoto:?-r·2 y Directory). Th~rc 

it (.Fligut R scarcli 's Aute:::) v:1 :ch 

_ provides uton1atic aDCrture control for ;;.r,.:;.ay lense$ . The pr oblcn. of cut -

do.or plloto~raphy of l e.sge nreas t nig t has n.o: been aol ve<l . It m.ny prove 

possible ho -✓ever~ to utilize some auto .s.tic a ertu.re controls to shut or.r 

the time-lapse rne--- Anisr.'1:S at us : a d reoume puotography at cavm. 

One t ec.un.iq~~ of blnck. rm whit~ phctogrc~ · ( dams , l 48) utilizes 

under- development of nE<gativcn t. at have ~en o-:er-exposuz-ed urir i tne 

brightest art of' t no day to ~et printable ne...,ative , ov~r a wider r-~ge of 

light conditions t 1an. i :s pos.::ible \\'ith c nventional de ·e-o me,1t :1h~u a 

e set !or the darl·cst 
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-----·------------------ ,.-----·------------·-------
Figure 1 - Expo.sure fatitude usin

0 
shortened d evel opLg tim e . L oft 

picture taken o Tri-X film at 1/ 500 sec •• f 22, (3 sto?S under ­
exposed); rigtrt picture under same lig:it c ondition.:J (7 sto11s 
pver- e; .. posed) at l / 8 sec . , f 5 . 6 . Develo ment time was 

----

8 . 25 minutes in u ndiluted 1. · crodol X de·veloper at 68°.F 
instead of tne normal 11 mi. utes . ( Ceichi I -aka~cto . Colorado 
State University Photograp:1er , oral comnrnnication}. 

------------·--------J-------------
pEriod for which phot os are to be t aken and all brighter periods ov~r-cxposc<l . 

li"igure 1 s ows the exposure latitude us ing this t echni uc . T 1e shortened 

develo,Jinz time and selection of printing paper of proper contra.st will cor­

rect for t h!s over- exposure . This t ec}ini que should eliminate t . e necessity 

o! automat i c aperture c ontrol using blnck ar tl wb.it~ film in such 35 milli­

meter cameras as Rohot and P r a ctL a . \i1hich arc available with motor 

· drives and film· ca%cities from 30 to 200 feet . Motor driven camcro.s 

such S:s t he Hulctier 70 rcillime-ter and the K -2•.!- aeria l camera with. a 5 x r.: _ 

inch. format can be used for tine-lapse pm·poces . 

A number of tynes o! equipm ent are useful in tirne- laµs e 

a nalys is . At present . at least 5 16- m illirneto.r and l 35• m illimetcr tim e ­

a.'ld motio - study projector-" ~..re ::i.va ilabl · com merciuily . T hese projec• 

tors feature variab e pr oj ecti on s r ced cc"ld projection o! individu.al .frames .. 

Some u millimeter projectors are also ~uitable for t in!e-lapse atialysfo . 

' I 
- I 
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Figure l - .xposure ·:1-titude u .. ·ng shorten""d developing tima . Left 

pich:re tnk~u o 'l'r1- M? film &t 1/ 500 sec., f 22, {3 stops 

un<lerc:-rpose::..h ri.;ht picture under Barne li~ht coudilious 

( 7 e;tops overexposed) ·:i t 1/3 sec ,., f 5 . G. D~velopr-~1..cnt 

time for both pictures ,.-1:is 8 • .?.5 minutes inst eud o! the 

norrri..nl 11 mi~ utes i u und · utcd Micro ... ol 4- ... developer at 

68°'.i?-. (.Keichi F:.i.k .. moto • Colorado St a te Uni ver ity 

P.hc,to-.>rapue ,, oral co:i.11municillon). 

·.;_ 

I 
. i 



( 

J 
I 

6. 

Devices for .re.::.cllng. ucr-o 'i 1 aud edi' LJ n1r:y• _e film can be USC'.:tl e.lso to 

study individ • .Er.~Mes er p rtions of frame ~. t;:,uere st :-eophotogruphy 

is o! sufficient ~:..,<=Ju.·t.;r photogra:nmt:tric plo tin:! equipme t can b ,. used for 

e.nalys is . 

wit sutomn.tic a ')Cl'iure contr ol is diiiicult , if not hn pos !,..le. at 1 :s timo. 

Howe er, vita the present r ate of developr.1.1.ent ., t h.ere i s} hope tor Cl<? 

future.. W1t. cc .n.pou.~n.ts · ow ava:.1~ble . tho v;;.:dcty ol th time-ln. <.i e 

ced by Qn i lillv.i 1ru 1Ji., lim ited only by his 

tins.nee ·• his mcchmrtcn bility O.."'l 

I 
I 
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