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New Apparatus To Study the Kinematies Of Moving Objects
by w
V. K, Morgunov

When conducting scientific investigations it often beccmes necessary to de-
termine the kinemntic elements of moving objects, And such objects can be & moving
"ship. a floafing ice field, hydrcmetric floats eto,
| The basic data for the obtaimment of kinematic elements are movements of objects
'in the function of time.‘l‘é fix the step-by-step positions of a moving object at pre-
‘aent time are basically used geodetic methods,which offer sufficient accurscy in de-
:tormining the speed at greater time intervals between the intersection, With an in
:cruso in the frequency of intersections there is a rise in relative error of the
!menaurod" movements, and consequently elso in.tho speeds,on accocunt of the errors dur-
40 inaccuracy of sighting the inatrument toward the observed point of the object in
'ratio to its movement, Consequently in the given case the accuracy of the instruments
is not brought te full utilization, In many instances gecdetic methods are generally
unaccopnbh as result of insufficient froquoncy of intersections (2-4 intersections
per minute),

Consequently, vhen it beccmes necessary to more frequently determine the speed
of a wing object motion picture 1- quite frequently employed, Measuring the displace-
| mnt- of a picture of an object on motion picture f£ilm by a definite mmbcr of tr.me,

\awvd.ng the frequency of the photograrhing and taking into considoration tho
scale of the image , is found the law of motion of the object, and then the speed

and .ccohntion as a function of time,

} e ——

But in many instances motion picture taking does not offer the necessary accu-~
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racﬁj vheﬁ investigating the kinematics, Small dimensions of the image on the moticn
pict\:u'o films require greater magnification on the screen or under the measuring
microscope, which leads to uncloarness as result of limited resolving power of the
motion picture camera lens and film emla;on. and also its 'gra-nuhriw. Unclearness
leads to errars and does not allow to reveal smll accelerations of the object with .
:naceaury aceurasy, |

|
Scmetimes motion picture taking has to be done under conditions at which the angle

:betveon the optical axis of the objective (lens) and the trajectary of motion of the
Tob:ioot is con;:l.derab.ly di fferent from 90° To obtain in this case an equiscale condition
‘along the line of motion of the object on the photo it must be transformed, which mus$
be dcne graphically, which even more reduces the accuracy of results,Phototransformation
‘u the given case 1is generally very difficult, because it requires a yeater number .
of rinsa for individual fremes, !
. The accuracy decreases also on account of temperature and shrinkage deformatiom
Kof the film material,After expiration of a certain time as result of aging and irrequ-
© lar shrinkage of the film it 1s no longer suitable for measuring processings

Ve must alsc mention the troudble and difficulty in measuring displacements by ia-
dividual mmerous frames,

To eliminate all these deficimoies the euthor introduced a ® photo camera for phote-

graphing a moving object * (Fatent application No,12757h dated June 17, 1959). The

given apperatus a_nou to obtain on one glass negative of large form a sequence of
images of a moving cbject, photographed atmti.?any within unifarm, preset time inter-

s This apparatus has a series of advantages in compariscn with the motion picture
;;i;ruaod for thgt,mrpon. The amployment of a long focus lens and, oqmo&uuny. maeh
larger d.ﬁunaiou of photos allow,y at ell other conditions being equel, to increase

the accuftey of measuring. This oii;:mtamb'th;t the .'atop-ﬁy;st'o.p images of tho -

cbject are printed con cne Thoto, offers the possibdility of making on the phote the |
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trajectory of motion of the odbject and reduce the measuremsnt of displacements to
measuring the diatances between adjacent images of the objec$, as resuls of which
1s obtained a single chain of dinensions, connecting all road incremxitl. This also
considerable raises the accuracy and considerably reduces the effort in measuring preo-
cessing of photos, and vhen necessary it allows easy rhototransformation of ploturese
The emplayment of glass negatives eliminates shrinkage of same \dth the explratioa

:ot time, ‘ o

| . » 1. Arrangenent of the apparatus !

- In fig.leds ginn a achamtic drawing of apparatus arrangement, On the forward wall
1of the rigid camera 1 is situated lens 2 with central shutter 3+ Vhen photographing
xtlm shutter opens sutomatically within egual time intervals with definite exposure,
.'l'm shutter is activated by a spring mechanism 4 through cam S,
| In the immediate vicinity in front of the photo plate 6 is situated a light imper-
meable elastic screen 7 with vertiocal slot 8, which can be moved along the photo phjo
by turning hmdle 9 on the remowvable pamel 10 and then through a flexible roller 11,
conical gears 12 and vertical roller 13 om which screen 7 is fitted,

. At the top of the apparatus is a looking dewice, consisting of a forward sighting
frame 1} and movable retiocule 15. The ai.-i.ng frame ia fastened over the rear junction
‘point of the lens, Movement of the reticule is simultaneons with the movemsm$
|of slot 8 with the aid of elastic bamd 16, vound oh rollers 17, having identical dia-
mtor as ronou 13. Thanks to thi.a arrangomn:t at any given position of the redicule
its am coincidu accurato]a with the axis of ‘the. vertienl nld:.
A _To rocord tho chractcuﬁc moments in ths xrocos- ot photayaphug or %o m
u'chronizo with other observations the apparntna is Irovided vith a time nrbr.cmh‘b
' ing ot elsctric light 18 in housing 19, When pressure is applied in the Decessary
manent against button 20 at the edge of the photo plate is illuminated a cpot.ognl

to the vidth of the slot. ‘ ' '

1

For photographing the apparatus is set on a tripod so that its optical axis is
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perpondieuhr to the trajectory of motion of the cbjecs, otherwise phototransformstion
of pietures is necessary,

At the mament of photographing is activated s spring mechanism and the shutter
takes autamatic pictures within equal time intervals, The task of the oburné is
to move the reticule 15 by turning handle 9 on the dimuountable panel,follow tirowgh
the looking device the moving object and keep it all the time in the field of visioa

of the farvard sighting frame lh.

Fig,le Schamatic drawing of apparatus arrangemen$

9
The image of the object on the photo plate will be situated all the time within the
boundaries of slot 8 which allows to photograph subsequent images of the object on

one photo plate, And s0, in the moment t; the object occupied position A and in the
moment ta position B,On the photo plate are obtained corresponding images a and b,

’l'ho vi.dth of tho slot is fixed beforehand according to formula

d‘ 1w

where 4 - width of slo$ (m); V= oxpactod hut spood.vhich the objoct hg. at tho m

of photog.'apbing (n/secs F= focal distanoe of camera lens (m). 1= d:lstanoo to

photo object (m); w-frequency of photographing (exposures per uc); e perminibh :
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mmber of exposures for one and the same place of the photo layer,

The magnitude n depends upon the quality of the photo materials and upon the con~
ditions of background and object illumination, At & dark background and bright object
n can be allowed to 5-7, at a bright background and dark objecs n can equal 2-3, The
hagativoa obtain an optical density,allowing the measurement of &isplacements,

Moasuremnt of displacemmts by obtained photos in dependence upon the required
accuracy can be made directly on the negatives on a moasuring microscope or with the
aid of a measuring magnifier yith 0.1 mm graduation scale, The speed of the object ip
Lle?ermlned by f&mh | N
t ) Dxed
i = 4 tJ .
vhere vy-speed of ths object at the moment of time (m/sec) ; AT= distance between ad-
Jacent images of the object on the photo (nni);At e time interval between tims oxpo-
sured of the photo (sec); l= distance to obJject,measured by opticel axis (m); |
P-focal distance of camera lens (mm). '

Having calculated for each mament the magnitude of the speed,it is possible to

obtain the change in speed as a function of time, and then go over to acceleration, '

2, Example of Emplqying the Apparatus and Fpasible Fields of
i its Application,

A% the Ice~Thermal lab of the Transportation Power Inst.SO0 of the Academy éf
Sciences USSR vas prepared an experimental sample of the proposed apparatus,The c. ’
mera had a lens with a focal distance F = 300 mm and gives an image on & plate with :

a dtmension of 18 X 2 ems

The creation of the apparatus was due to the Lwed of raising the accuracy of
measuring the rate of motiom of ice fields during their actions againpt bridgo isnpport'.
at the time of spring ice movements co rivers, The obtained .da‘ta‘ served as ba‘.ail for
caleulating the nagnitude of dynamic pressure of the ice against the construction by
dinematie oothod of K,NeKorzhavina[l, 2], For this purpose the cemera bas been suceess
fully used in miy instences along the rivers of Siberis , and to observe the Syring

{
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ioe movementa in the region of the Lratsk Byiroelectric Fower Station which is under
ccnst:uctiono

A photo of an ice f1oe, approaching toward a. bridge s@xppcrt. va made from shore o :
A% aajotning support, In the latter cise the photos wers mbjeoted to pototransfoe-
!mation. As reference points on the ice floes were special surveying rods,which :

launched by a catapult to the floating ice blocks from a distance of up to 180 n . ‘
and were rammued into the ice.

At a distance betveen cemera and :um ot notion of tha surveying stick of 150 m
Ean'd phobyaph.ing frequency of one exposure per second the mean square deviatioa
‘on the rate of motion graphs of the ice floes in the function of time was 0,012 m/ese,
?vhieh characterizes a sufficiently high accuraey of results, attainable with the ailE
'of the apparatubpsing ordinary geodetic methods or by motion picture photographing .
|it is impossible to obtain such an aceuracy,
| In fige2 is given a fragment of a surveying rod photo, obtained with the aid of
itba apparatus, The photo was made to determine the rate of moticn of an ice field
lduring its effect on a dridge support.
| The apparatus can also find application in a number of other b;anchos of scienr
vtif:lc investigations, perticularly to meesure surface rate of flow in the case when
vit changes intenzively along the flow and, consequently, and more frequent notch:lnai
.(mrldnga) of position.;of théi:yd.rmntr:l.c float amnecessary. thing which geodetis
instruments oannot accanplish. Such an instance may take place for example during
‘hydraunc 1mst1gations at hydrotechn:lcal installations,In fige3 is given a photo- Y i
of o amall ice flos, serving as float when determining the rate otlﬂw As result
'ct measuring on the photc it 15 possidble to detect even slight changes in the rate -
of flow along the stream o A

At various types of inertia testing of ships comes up the necessity of sccurately
fixing the changs in speed of the ship with respect to the shores,Up until now the .

e . g _!
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speed of a ship at such investigations was determined by fixing the momen$ the ship
pasau through flooa/;gntol o broken down on the shores, or by marking fraa shore the

inatantanem positions of the ¢hip within definite tims intervals by means of geode-

"

tic 1nstnunanta@] Such methods do not assure necessary accuracy and. vhat 1s of

’apecial importance, they have a limited notching frequency. Geodetic methods do not

‘at all satisfy the requiremets of testing high speed shiDps,s.g¢ Of the "Roclet * type
!on underwater wings and others, when ta reveal all the details in change in speed
| trequent notchinga are required (1-2 per second). -
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Fige2eFhoto of surveying rods (two rods in lime),placed on moving ice floe
Subsequent positions of the rods aleng the axis of bridge supports.motograﬂud
at a frequency of one exposure per second,

With the aid of the proposed apparatus it 1s eagy to obtain kinemauc elcnentl d:

- tosted sb.ip at desired photoganhing frequemy. Thia extreme],y simp liﬁea the nature

ot field 1matigat1uw. ainco the photogxaphing can be done by one poraon.

" In 1899«1900 ice mveaugauom were pade by the icebreaker *Yormak®, During
thcae investigations academivian A.N.K’rylw determined the resistange of the ice covexr
to the movomt of tha icebresker by an inertia method, For this was made a motion
rdoture f£1lm,approaching the edgs of an ice field, By the data of the motion pleture
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Fig.3eFhoto of floating ice block to determine rate of flow,Fhotograrhed at a
frequensy of onle exposure Dper seconds
£ilms was found the speed of the icehbreaksr in the function of $imey which ensbled to
find acceleration and at known mass of the icebroaker to uetermine the resiauncq mag-
nitude of the 1ce to the movement of tha icebreaker{k]e
This method, but with a much improved motion picture camera, isused up to this day,
But the difficulty of rhotographic and measuring motion picture films (at low acecuracy
of obtained resulta),does not allow to conduct mass chservations of txis type, so
naeded for the accumlation of factual data, which appears to be the besis for reasom
able planning of ice breakerse
Using the mroposed camera for this purpose will emable at ‘ineonsiderate loss of
tine.meana and hbor to cbtain data on tha ice load ap:lnst the icebreaksr with sreatu'
accuracy. Protcgraphic and metering proceseing of rhotos can be done o bau‘d the shi)y
and here,within 1,5 te 2 hours,to obtain test results, Tharks to this it appears to
be possible to chenge over from single to mass investigations of varicus icebreoakers
and under different conditions of ice floating, involving in this task the engineer-
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ing personne) of the ship, ard this will allow within a short tims to gather a greater
nuxbexr of factual dah. on ice loads against the body of icelreakerse

The camers can appear to be useful also for the obtaimment of kinametic elemonts
:of aerial observation objects,particularly the movemsnts of an aireraft at$ various
flight eonditions, Taking into econsideration the greater speed of aircraft,ths photo-
:yapb.tng can be done with a frequency of aseveral exposures per second, In all these
‘mtancu ths photos appear to be documental material,which can then be subjocted to
:detau.od analysts, N
. At the pmesent day structural design the camera can find application in many other
tbranchna of scientifie-research operations when observing under natural and labaratory
tconditi.ona as vell,
; Conclusions f
1. A principally new method is introduced for photographing moving objects with the
lam of a special camera, The camera allows to obtain on one photo of large size a
sequence of images of a moving objec$, photographed autamatically within equal time
intervals,

2o large dimensions of the photo, as well as the circumstance, that subsequend
images of the object are fixed on one photo, allow to greatly increase the accuracy
of measurements in comparison to the motion picture film used for that purposes

3. At a suitable structural design the camera can find application in various
branches of scientifie-research investigations, as for example, in hydrology, and
hydraulics,when testing motional qualities of ships, in aviation etc, in natural and
'm lab conditions as well,

Transpcartaticn=Energetics Instqof Siberian Sutmitted; Feb,1,1961, -

Branch of Academy of Sciences USSR
Novoaibirsk PR -
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