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ABSTIACT

Des'relcpmc-nts in photograpyhic equipment have made
1: ééssible to desiga a wide ';rat'iety of time-lapgse equipment
to paotogranh and measure geologic processes. New {ilms,
expozure conlrols aad techiniques promise belter photo~
graphy under diverse light conditions, Application of photo~
grammetry to time~lapse analysis will allow measurement

of rate of change of distance, elevoticn, and directica.
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Many eveats occur too slowly for accurate observation by the
human eye. Thae time~lapse camera is a tircless ebserver that can pro-
vide 2 permané::t recora of such eveats, Vith the time element greatly
compressed by time~lapse photography, geolegic phenomena may be
analyzed frame by irame and shots of particular events may be showa 23
wany t;mcs &3 necessary to view everything to be seen, The film can
even be rua In reverse and an evelnt traced back to its origin, As the
geolozist is primarily an cboerver, the additicnal dimension and the
accurscy wiaich time lapse caa add to his observations shouald be welcomae,
while used primarily by melcerolozists and biolegists, time-lapse
photography has beea uzed to study clilf recession, glaciem (31iller and

Crandell, 1939), landslides, ripple and dune formatioa in a Ieboratory

iflurmne, Cevelopment of model meanders, and pattera change in a glacial



stream {Fahaestock, 1959). Among the rmany possible uses for the
techaigue ere the study of mud flows, weathering, erosion, slope develop-
ment and soil ercep., Time-lapse {ilms sheuld prove excelleat geologle
teaching tools,

The geolozic process to be studied, and the measurements degired,
determine the type of cquipraent that should be used, Processes thgzt are
continuous require equipmeat desizacd for continuous operation, Inter-
mittent processes such as the passage of a flood wave may require specia
activating devices to permit camera i:’g)eratiou only during periods of acti-
vity, 61‘ photography at an increased rate.

The motion picture camera is best suited to provide a coutinuous
record of eveats that take place over porlods which range from minutes to
days. It also can be used for events requiring much loager pericds;
although photeographs made with cameras with larger formats may provide
more useiul récorés cf slow processea.

Vhen measurements of the changes ia distance, direclica, eleva-
tion, znd velocity are desired, a number of devices may be employed.
Grid systems, reference points, and scales may be placed in the fizld of
view of the camera for reference, From these knowa references, values

may be read directly or Iaterpolated with & fair degree of accuracy,



are available for makiag sin

Engincers at Colorado State University are working on equipment to expose
2 sequence of atereo pairs to allow phctogrammetric raeasurement of cloud
formation (oral commuaiention). For phctogramametric uze, negatives on
film 70 millimeters wide or even larger are desirable,

A time-lapse mechanism consists of & timing device, camera actua-
tor, and camaera, Numercus commercial mechanisms are available for time-~
lapse photography where weight, lizht, and power requirerents are not
eritical; however, many are escesslively heavy and {or) require fairly elabo-
rate lizht and power systems., Eecause geologic work is often done in
remote locations, portabilily and pimplicity of equipment i;; a regulsite

A number of motors, which combine timer aad camera actuator,
1e frame exposures with 18 millimecter cine
camcraa. Unfortunately for the geolozist, most if aot all such equinpment
rcquireo 110 volt aliernating curreﬁt for operatica. The best mechanisms
for battery-opercted actuating devices appear fo be solenocid units or
motor drivea cam units. Another possibility is a pulse type camera that
exposes one [rame for each impulse received from the timer

Numcrous 110-voll timing devices are available, aud one article
(Boger, 1960) degeribes a device that can be constructed for a material
cost of £6.50, Such devices can be battery operated with an inverter;

however, the unit would be heavy aad bulizy because of the heavy battery



drain, At lcast one portable battery-cperated timer 1s available commer-
cially (Ricteorology Research, Ine.). Miller, Parshall, and Crandell
(1981) have described a battery-operated timer, The major obstacle to
inexpensive time-lapse mechanlsms at preseat is the lack of a dependable,
versatlle, and incxpensive timer which is portable, |

Goologists frequently eazounter photographic problems because of
highly varied light conditions., These problems can, in many iastances, be
solved by automatic exposure coatrols, These controls are available on
at least 57 E-millimetler motion plcture cameras, 2 18~millimeter cameras
and 11 35-millimeter still cameras (1961 Fhotography Directery). There
is one light weizat battery-operated unit (Flight Rescarch's Autex) which
. provides automatic aperlure control for maay lenses. The problem of cut-
door photegraply of large arcas ?t night has not been solved., It may prove
possible however, to utilize some austomasatic aperfure coatrols to shut off
the time-lapse mechanisms at dusk and resume photography at dawn,

One techaique of black and white photozrashy (Adams, 1943) utilizes
- uader-development of negatives that have been over-exposured during the
brigistest pari of the day to get priatable negatives over a wider range of
ligat conditions than is possible with conveantional development when a

fixed exposure must be used. Exposures should be sect for the darkest



'

Figure 1 - Exposure latitude using shortened developing time, Left
picture taken on Tri-X film at 1/300 sec., £ 22, (3 stops under=
exposed); rigitt picture under same light conditions (7 stops
over-exposed) at 1/8 sec., { 5.8. Development tirne was
8.25 miautes in undiluted Microdol X developer at 68°F
instead of the normal 11 miautes., (Keichi Nakamoto, Colorado
State University Pnotograpaer, oral communication),

period for which photos are to be takea and all brighter pericds over-exposed,

Figure 1 shows the exposure latitude using this technique. The shoriencd
develeplag time and selection of printing paper of proper contrast will cor-
rect for thls over-exposure, Tﬁis technique should eliminate the necessity
of automatic aperture coatrol using black and white film in such 35 milli-
meter cameras &5 Robot and Practina, which are available with motor
drives aund film capacities from 30 to 200 fezst, Moter driven cameras
such as tae Hulcher 70 millimeter and the K-24 acrial camera with a 5 x 5-
inch format can be used for time-lapse purposes.

A number of types of equipment'are useful in time-lapse
analysis, At preseant, at least 5 16-millimeter and 1 35-millimeter time-
and motion-study projectors are available commercially, These projec-
tors feature variable projection speed and projection of individual frames.

Some ¥ millimeter projectors are also suitable for time-lapse analysis,



Figure 1 - Exposure latitude using shprten-ad developing time, Leit
picturé taken oa Tri-X film at 1/500 sec., £ 22, (3 stops
underexposed); right picture nader same light conditions
( 7 stops overexposed) at 1/8 sec,, f 5.6, Develepment
tirae for both pictures was 8,25 miautes instead of the
pormal 11 minutes ia undiluted MMierodel X developer at
68%F. {Keichi Nakamoto, Colorado State University

Photographer, oral communication).
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Devices for readiaz microfilm and editing movie film can be used also to

study individual frames or purtions.er {rames, VWhere stereophotbgi;ap’ y
is of sufficient guality photogrammetric plotting equipment é?.n be used for
enalysis,

Finding en inezpeasive batliory operctced time~lapse mechanism
with automatic aperture control is difficult, if not impossitble, at this time,
However, wilth the present rate of development, there is hope for tae

future, With components now avellable, the variely of the time-lupse

eguipment that con bo produced by aa iadividual ia limited oaly by his

finances, his mechaonicnl ability and his ingeauity, A time-lnpze mechans

-
ism with an 8 millimeter comera having nutomatic exposure control, can

_ be built for less than $53.
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