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v‘ﬁELEVISION FIIM PROJECTION AND A VIDEO RECORDING SYSTEM
" WITH OPTICAL DOUBLING OF THE SCANNING RASTER¥*

- [Following is e trenslation of an article by A. A, Gol'din
“dnd D. A, Taranets in the Russian periodical TPekhnika kino
i televideniya (Motion-Picture and Television lechnology,
Vol. 3, No. il, November 1959, Moscow, pages 25-33.1 -

" Existing systems of TV film projection and video recording are
classified. The prospective direction of develcpments of such systems
sre indicated, A new system which can be used for black-and-white and
color TV £ilm projection or for video recording on movie film 1s ex-
amined. ‘ . ' ~ ' DR
At present, in the universal engineering practice not & single
trend in equipment development for TV projection and video recording has
evolved. A great number of systeus, differing from one ancther in de-
sign and principle, have been created by verious firms, but not one of
these systems completely satisfiles the established requirements. The
ahgence of a single developmental trend and the variety of the created
installetions are explained by the different standards of scanning in a
pumber of countries as well as by a number of difficulties in principle
%o which, in the first instance, belong the following:: : T

(1) various frame speeds in movies and television; S

(2) short duration of the field quenching pulse (according to
USSR television standards the duration of thies pulse should not bo more
than 4% of the frame speed period), o -

The first circumstence does not entail any substantial complica-
tions for the USSR and European countries, because as & result of the
smell difference in frame speeds it 1s possible to project film in syn-
chronization with television scanning without any ncticeable disturbance
of sound tomality and rhythm of motion., TFor countries whose television
standards provide for a speed of 60 fields per second, synchronized pro-
Jjection is unacceptable. , ' o

The second circumstance is due to the fact +hat the film transport
mechanism of standard movie projectors and caumeras does not allow the
scanning of two television fields during the time the film is not in mo-
tion. Therefore the transmission of movie film by & simple combination
of & theater movie projector and a studio television camers, and also video
recording by photographing the imege from the screen of a monitor by .
means of a synchronized movie camera, camot be successfully accomplished.

Depending on the method of film advence by the transpor® mechenism,
all existing systems are subdivided intc systems with interrupted and
cortinuous (smooth) film movement. .

¥The .V projector featuring optical doubling of the scanning raster
which is mentioned in this article is being used to demonstrate TV color
£ilms at the Exhibition of the Achievements of the National Economy of .
the USSR (1959).
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In turn, systems with interrupted motion according to the prin-
ciple of so’ving the problem of matching the £ilm advance with the
operation of vertical TV scan, can be divided into the following groups:

1. A group of systems in which matching of interrupted film mo-
tion with the'scanning operation is achieved, ‘but with the loss ‘of dome
useful information, ' - -

' TV film projectors belonging to this group operate with field
quenching pulses whose duration is increased up to the time required for
film advance. “On account of their simplicity, similar devices are some-
times used for laboratory purposes, but cannot be used for telecasting
because of significant reduction in the number of lines and distrubance
of the image formet on the screens of TV recelvers.

Video recording systems. operating on this principle have been
widely' used ‘in ‘the USA [26, 27, 28] because they allow a rather simple
solution of the problem of converting 30 frames of the television '
standard to 24 film fPames. In conformity with the European standard,
video recording installations with tramemission of every second or third
field have ‘been put ih operation [25]. Attempts have also been made to
create‘a systém in which the 'selected fleld is replaced by the neigh- -t
boring field. The’inevitable reduction of resolution or the decline in
the transmission of the ‘rhythm of motion can be considered & general

_shortcoming of video recording: systems of ithis group..

”’2 A group ‘of systems using interrupted film.motion and storage

components for- storing informetion about the: image during a field.

Television film projectors of this group operate on.tubes with
storage [21, 23)J The electrical storage of the -tubes. mekes it possible.
to establish conditions  for independent. operation of the film transport
mechanism and the vertical TV scan.. Similar television film prOJectors
have ‘béen extensively Used in black-and-white television, because they
allow the use of standard film transport mechenism and, with the utili-
zation: of transmitting tubes with photoresistors, permit obtaining a. '
high quality of film transmission, The use of this .method for color .-
teleévision film projection is hampered by the. irregularity of the image’
background ‘and the complication of obtaining a temporary combination of
colordivided signals from three transmitting tubes.

~-Vldeo recording using luminophor afterglow for. recording the -
field during which time the film is transported, have been used in the

USSR and France {11, 12, 16, 17). = The inevitable narrowing of the bright-

ness ‘opérating range of the. recording kinescope, it being necessary at
the same ‘time to introduce modulation of the video signal for equalizing
the exposurefof adjacent fields, must be considered a. shortcoming of
these systems.. "

3. Systems in which the film advance time is reduced to the
duration of the quenching pulse [30].



Similar devices are considered for practical application only in
the case of video recording on 16-mm movie film. The film transport
mechanisms in these devices are complicated and have a short life. Fur-
ther,‘the quality of the recording is poor, due to vibrations of the
£ilm in the frame window during a fast stop.

- At present, the uese of smooth .film motion is always accompanied
by splitting of the image by the scanning beam method. The abscnce of
the problem of compatibility of color-divided images, linearity of the
1ight characteristic, stability of the black level, and uniformity of
background make this method more or less indispenseble in color tele-
vision film projection. Therefore, systems with smooth film motion will
be -examined only from the viewpoint of the utilization of scanning by a
scanning light beanm. : '

Before exemining concrete systems, let us find the law of migra-
tion of a scenning spot in the plane of the frame window of the TV film
projector. Refer to Figure 1. The film moves evenly from bottom to
top, &8s shown by the arrow, at a rate of 25 frames/second. o )

Lines 1, 2, 3, 4 represent the displacement of the lower boundary
of the n-th frame, the upper boundary of the (n + 1) frame, lower bound-
ary of the (n + 1) freme, etc., as a function of time. Let us assume
that at the time instant tnl scanning of the first field of the (n + 1)

frame (point 4 on the graph) is begun. At.the end of the time of the
first field, the scenning spot should have moved along the vertical to
the level of the lower bounda:y of the (n &'1) frame (point b on the
graph). For scanning the second field during the field quenching pulse,
the scanning spot should return to the upper boundary of the (n +1)

frame (point c) and finish scanning the second field at the moment of

appearance of the next quenching pulse (point d).  Then, in the same
order; the (n +2) frame is scanned, etc. From an exanination of the
graph it follows that for interlaced scanning of smoothly moving film
according to current television standards in Europe and the USSR, the
vertical displacement of the scanning;gp@ﬁ in the frame window plane
should conform to the law expressed by curve abcdef. Thus, at the ex-
pense of combined operation of vertical and horizontal scans, two strict
identical half-rasters (shown in Figure 1 on the right), each of which
is repeated with a frequency of 25 cycles and contains half a scan line,
should be formed in the frame window. . :

Let us find the basic sizes and mutual location of half-raster.
The height of half-rasters (L') can be determined (cf. Figure 1)
when: : ' ‘

L = m -G N ¢ 0
where hy 1is the height of thé-frame being transmitted, and C is the |
distance through which the film passes during scan of active field lines.




v uet us determine this aistanceV

vhere V is the film speed Tp is. the full field time, and Ti is the

duration of the vertical quenching pulsea.;

During scanning of the frame tane is displaced oy the magnitude B
of spacing of the film (H), d.e., -

v. E ""‘ ST (3)
| B | T T i e
from which: - R i oo : o
coFE(@-E).
| B B L
Substituting (k) in (1), we derive: .~ . . S
poen,-lomQoED 6
1 ._k o . 'Tp:iﬁ,-: o

, Because for the full time of the field the film goes through clips'
equal to one half a film step, the distance between the centers ‘of half- .
rasters (S‘) is equal to.,' L J '

: The interval between half-rasters will be.' |

aest-ve 2L T ene (D

 The width of tﬁeuhalf-raster.(BY)rmsj‘be'Qetef@inea se;"

k

where K is the format of the television image. ‘

As is known, the area of the frame window of a motion~-picture '
camera is scmewhat larger then the frame window of a movie projector,
which explains the necessity for allowances in the inaccuracles of a
frame stop in filming, copying, and projecting.. In_ telwision the role
of a 11miting framework is played by the framing of the receiver screen.’
Thus in television film projection it is-desirable. to- transmit the area-.

of the film frame defined by the dimensions of the frame window of the
motion-picture camera.




Accepting in conformity with USSR standards [4, 5]

:H - 19 mm;&lk éllé.l;mﬁ;
T A T .
i .0.075; K= b
ﬂp 3

and subsitituting the indicated values in (5), (6), (7), and (8), we
obtain: height of the half-raster in the framwe window plane ' L' = 7.3 mm,
distarice between the centers of half-rasters ("Jump” size) S' = 9,5 mm, .
size of the interval between half-rasters A' z 2.2 mm, width of -the
half-raster B' - 21,5 mm. s L . i ‘

Irrespective of the fact that the graph in Figure 1 was considered
as appliceble to the transmission of movie film, it is evident. that the
obtained law of motion of the scanning spot is true even for video re-
cording on smoothly moving tape, This law is only possible for nendis-~
torted reproduction a&nd recording independent of how and what kind of
equipment is used. Hence it can be concluded that in the developuent of
televigion film projection and video recording systems it is necessary
to strive for such a solution as Would permit the fulfillment of this
law with & maximum simplicity of design and a high light-~gathering power
of the device. SR , ’ o

According to operating principle, systems with smooth film  mo-
tion may be divided into the following basic groups: ’

"1, Systems in which the smooth motion of the film is compénsated
by moveble opticomechanical elements {1, 8, 14, 18, 19, 2k]. o
" In the overwhelming ‘msjority of casesthese are thefilmprojeetion systen:

with film frame change by means by gradual "displacement” of tne image
of the previcus frame by the image of the next frame. Such a method of
frame change is accompanied by a doubling of the scanning spot, which .
leads to lack.of sharpness and zonal flickering which is greater than
the time of “displacement” [8]. )

Typical representatives of this group are systems with compen-
sators in the form of rotating many-sided prisus. The Philco tele- R
vision film projector can be considered the best in this group [8l.- In
it compensation is achieved by & prismatic crown being rotated by the
£ilm itself. In contrast tc the systems examined below, deviations of
the rate of film mption here does not leed to mismetching in the rela-
tive position of the compensating eclement and the film frame, and ~con-
sequently does not reduce the quality of the image. The latter circum-
stance, as well as gimplicity of design, are merits of this compen- '
sator, because they permit a sharp lowering of accuracy tolerances in
menufacturing mechanical parts and exclude individual fits during as~
sembly and periodic maintenance, - R :




The Philco. compensator onerates with & relative aperture of i:8
witk light transmission of O. 36 [8]. The physical lems power of the
system can be found frcm the well-knowi expression

Jso %, coshcn R S "iil (9)
P (1.1 )2 -
m

where 7 is the light transmission factor of thé- optical systenb » is
the angle between the axis of the objective and the main bteam of the N
band, K is the denominator of the relative aoerture of the objective,-~--‘
and 1 is the scale of th° imege.

m , . , . o .
- The value (m) g defined as the ratio of the nominal width of the '
raster on the screen of the scanning tube (B) to the width of the half- -
raster in the frame window plane (B') In using Soviet scanning tubes
of the: 18LK-8Zh type B = 124 mm, -and consequently. : ‘

"m= B = lah = 5, 8
| B 215 A |

Substituting the data of the Philco ootical system in (9) for .
® - O we obtain J - 1:310. '

The low 1ignt-gathering power, +he greater "displacemenv' time,
and .the inaccuracies, in principle, of operation due to a:lack of L
strict proportionality between displacement of the scanning'beam.and the
engle of rotation of the prismatic _crown,, prohit ‘the use of this compen-,a
sator in high~grade systems.

Substantlally better results are prov1ded by the "NLchau com-
pensat.r {8, 18], the latest model. of which, was produced by AEG in. 1932.
This compensator has -a;shorter "displacement” time and ensures the oper- . -
ation of an objective with a 1:2 relative aperture with a 0,37 light
transmission fector of the optical system [8]. .Substituting in (9)
the data presented above, when m = 5.8 we obtain 8 physical lens pover
of J = 1:19. A shortcoming of the " Mechau" system is the exceptional.
compiexity of the opticomschanical section,Wh*Ch has a large aumber of -
kinematic parts with- individual fits. - ,

. Simpler in design is the compensator suggested by'A ‘N Tarasov .
and I. L. Sakin [8]. Compensation of film motion is accomplished by tw
oscillating mirrors driven by rotating cams,: The mirror works alter-ulw
nately so that one of the mirrors compensates Bhe motion of the film :
and the othe* mirror at the same time covers the ‘obturator and returns -
to its .initial position. Thus this compensator uses half an ope*ating L
opening of -the objectlve,. which is 1its essential shortcoming. Despite. .. .
this fact, the compensator has comparatively high indices, For a short .- :
displacement time and an optical system transmission factor equal to
0. 6 an objective with a 1:2 relative aperture, which corresponds to a
physical lens power of J = 1:23, 1s used in.it. A compensator of this




type is used in a television movie projector designed and built in one
of ithe opticomechanical plants [8]. The television movie projector is
finighed with a high degree of accuracy and 1s guaranteed to provide a
color image of good quality.

' An examination of the systems of this group shows that here a
high-quality imege can be obtained only by using designs whose manu-
facture and operation are complicated. An essential shortcoming of
the systems is the preseuce of distortions connected with the change
of images being transmitted or recorded by meaps of "displacement." It

should be noted that there has been created in England [22], on the

basis of the "Mechau' system, an installation for video recording which

lacks this shortcoming because in it the charge of the compensating
element is accomplished in a time not exceeding the duration of the

- quenching pulse. Attempts at creating a compensator with a "fast" reset
.- of the compensating element are well known; however, reporis on the prac-
Ctical utilization of similar devices for television movie projection are

not to be found in the literature. - C -
: The advantage of the systems in this group is the posgibility of
utilizing them et different TV and movie frame speeds (nonsynchronous
projection), which is extremely important as regards the USA and Japan.
Regarding the USSR this advantage does not have any substantial signifi-
cance. : ‘ .

2. Systems with electronic and optical splitting (2, 10, 20,-291.
In a system with electronic splitting, the fields required for ‘

!éccomplishing interlaced scanning are formed in’ appropriate scale .di-
- rectly on the screen of the scanning tube, and by an ordinary light-

gcathering objective are projected on the plane of a frame window. The
law of vertical shifting of the scanning spot is here realized by the

Jjoint operation of 50-cycle sawtooth and 25-cycle [i- shape scanning

frequency. The optical scheme of the system consists of only one ob-

Jective, which depends on small losses of light and high lens pover.

.Computation shows that in using a high-grade objective with a 1:2 rela-

tive aperature of the physical lens power of the system with electronic
splitting J = 1:8, i.e., it significantly exceeds the lens power of the
systems examined above, ) ' o A

- A model of the instaliation with electronic splitting was con-

C_Structed“by the Television Department of the Leningrad Elecprical
_ Engineering Institute of Communications [IEIS] [2]. Transmission of

color movie films by means of +this installation was donme in 1955. Also,
a number of test video recordings of TV programs on movie film were made.
Tests of the model showed that under laboratory conditions a high-grade -
image can be obtained. Some shortcomings of the system are the com- . '
plexity of obtaining strict identical fields on the scenning tube screen
and ‘the dependence of the distance between centers of the latter on the
total smplitude of the 7y -shape scan and the accelerating voltage. Con-
putation shows that for undistorted reproduction and recording, this '
distance should not deviate from the nominal by more then (0.1-0.2)%.

The necessity of using precise stabilizing devices lessens the oper-
ational reliability of the system. ‘ :

-7-




Systems with electronic splitting allowing the scanning of 60
fields per second have been constructed in the USA and England. Non-:
gynchronous projection 1s accomplished by running the film at a rate of
24 frames/second and by transmitting two adjoining movie frames by meaus
of five television fields.

In systems with optical splitting, a gingle. narrowed raster is
formed on the screen of the scarning tube. From this raster the lignt
is split into two beams alternately creating two images with a frequencj
of fields being overlapped by the obturator. Because of the simplicity
of their design and high operational reliability, gystems with optical
.splitting are used widely in Western Europe for the monochrome televising
of movie films, However, their utilization for video recording and
color television film projectlon is hindered by the inadequate lens -
power of the existing splitting devices. |

The television movie projector of the EMI firm [10] 158 typical
example of systems of this type. Its splitting system consists of two
truncated lenses joined.at the plane of cut. -The optical scheme of the
télevision movie projector operates with a 1:45 relative aperature with
a light transmission of 0.55 f10] which corresponds to a physical lens
pover of J = 13 6k, ,

: " The Television Department of the Leningrad Electrical Engineering
Institute of Communications propoéed and developed a system of television
movie projection . and video recording whose simplicity of design makes
possible obtaining a high lens power close to the lens. power of devices
with electronic -splitting. .

' The optical diagram of the system is shown in Figure 2. "Its
operating principle consists in the following: a raster with: a heigh*/
width ratio of approximately 1:3 is imposed on the scan tube screen 1.

- The light beams from the scenning spot C can strike the objective 5 only
by reflection from the flat mirror k4, because the direct passage of light
is excluded by a gate 2. After ‘the ob*ective, the 1ight beans are re-
flected from the mirror 4' and form in the plenme of the frame window
6 two imeges C' and C" of the scanning spot C staggered one to another
at a half-step of the film., Obturator 3 with a field freqpency commut-
ates the light flow so that upon the scenning of one field the upper -
.mirror works (position fixed in Figure 2); and upon scanning the other

_field, the lower mirror works. . Thus, in the presence of a raster on
the tube and the operation of the obturator. in the .frame window plane 6,
two flelds required for acconplishing interlaced scanning in TV film

.projection and video recording are obtained. At the expense of ‘coabined

. action, mirror 4 of the scanning tdbe is as if doubled, because the

objective "sees" two completely. identical rasters in the plane of its
screen, Theréfore, in contrast to systems with splitting, this system

" tan be called & system with optical doubling of the scanning raster. In

the optical scheme examined, there is no splitting of the light beam or
loss of light as a result of this, The: objective operates at full
opening, which specifies high optical efficiency.v

-8 -




VEQr a quantitative evaluation of the efficiency of this system
it is necessary to determine its physical lens power. The utilization -
for this purpose of expreesion (9) in comnection with the operation of
the system by means of oblique light rays leads to. the anticipation of
high results, because the expression does not take into account the
real directivity pattern of the scanning tubes. '

~As is known, in the usual case the physical lens power can be

determined by

o BO R ‘
where E is the luminance of the scanning spot in the frame window plane,

B, is the brightness of the spot of the scanning tube in the direction

of its optical axis.
Expressing E and By respectively by the luminous flux ¢ in the

frame window plane and the light power I, in the direction of thefoptical :
axis we obtain : :

I
where l_ is the image scale.
n ,
For determining the luminous flux @ we shall use Figure 3.
Considering the aperture of the scanning spot of the tube as a
point light source, we have:

I- 90 m, (11) *

o(a)zc-I(a)-a(a) (12)

where o is the angle between the main ray of the beanm and the optical
axis of the system; I ( & ) is the light power being radiated by the
scanning tube in the direction & ; & (@) is the solid angle under
which is seen the diaphragm of the objective from the center of the
light source; T is the transparency factor of the optical system.

From expression (I12) it is seen that for determining luminous
flux it is necessary to know the analytic expression of the directivity
pattern of emission of the scanning tube, i.e., the ratio of I to O.

Research conducted in the Television Department of LEIS [3] shows -
that the directivity pattern of the light radiation of 181K-8Zh type
scanning tubes are subject to the law . '

I(a )=1I .cos 8, . - (13)




In conneétion with the fact that thée use of - expression (13) for
practical calculations is not suitable because of the fractional ex-
ponent of the pover, we’ shall consider that the given dependence can be
described by the function.>. : g

I ( a ) I, I cos® @ . . . , (lh)~
Thus, for working angles not exceeding R4 ho°, the error in calculations
does not go beyond the 5% limit [3].

The objective apertures angle Q can be expressed in the following
form: - ‘
- e o - ' p oo
o ( o ) _ =D cos%z’ _ (15)
where D is the diameter of the objective diaphragm,cz is the anterior
combined focal length.

- Expressing the combined focal length by the main focal length
e obtain. .

o( @)z« _1 L - cos 3 a, (16)
L K2 (1 + m)2

vhere K is the denominator of the relative aperture of the objective.
Substituting (16) and (14) in (12), we firnd:

oa )- _= R A T G687 a;(l7)
I X2 (1+ m)*

In determining the physical lens power we shall use the value of
the mean luminous flux by which we understand the flux from the position

of the scanning spot in the center of the raster (Figure 3). prre581ng'“
Qﬁl ‘ by the de51gn dimensions ‘of the optical scheme, we obtain:

‘tgo p-_ 1 = 1'm ' - (18)+

where f is . the focal length of the objective. I

' Because the distance centers of fields consists of half a film
space (H), from Figure 3 it is evident that the value l' can be accepted
as equal to 0.75H, and consequently. ' : '

tga = _0.75Hm . : (19)
£{1 + m)
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Expréssing cos o ‘byytg o and substituting (19) for (17), ve

find: _
) :-—“1..-0 IO' l . l X
*nTT T T k5 (14w
R o o (20)
£ (1 +m) ' )
£fo(1 + m)2 “+ (0,75 Hm) 2
From which: ( |
s lmo.T.p2. 1. _ 1 %
v k2 (sl )F
. . m (21>
5
£ (l + m)
—
£2 (1 + m)2 + Co 75 Hm) o,

where p is reflectlon factor of the mirror, T is the transparency of
the objective.

Using the data of the: opticalvscheme of an experlmental instal-
lation (f = 80 mm; XK'= 2.8; T='0.9; m - 5.8) and accepting for the '
mirror an aluminum coated one p - 0.9, we obtain J = 1:19.- Thus this
system has a significantly larger optical efficiency than the existing
systems with optical splitting, and is surpassed only by the system of
electronic splitting. It should also be noted that the system does not
exclude the use of a more powerful, spec1ally designed objective.

An external view of the apparatus, constructed according to the
principles examined, is shown in Figure L,

The design of the installation: prov1des for the 11ght proofing
of the film transport section and consequently permlts utilizing the
system for video recording.

A kinematic diagram of the film-transport mechanism 1s shown in
Figure 5.. The mechanism is constructed on the basis of the SKP-31 movie
projector converted to ccntinuous film motion. . The drive of the mechanism
is accomplished by a synchronous electric motor (3,000 rpm), The rotation
by sprocket wheels 5,6, and 20 is transmitted by & vertical spindle and
worm gear couples 16 17, and 18, Film tension between rollers 5 and. 6
is accomplished by a spring 8 and a balancing device 7. Stabilization of
film speed for a section of film track is produced by flywheels 3 and b
being driven by smooth rollers 1 and 2. The balancing device 7 accom-
plished counterpoised stabilization. Natural oscillations in the system
are extinguished by air dampers 13 and 14. Framing is done by means of
a crank 11 and a spring 10, which is displaced by an eccentric 12.

- 11 =




Figure 6 shows the tape transport track of the installation, the
deeign of the optical system, the shutter arrangement, and the electric
light converter.

Conclusions‘“

1. Systems with interrupted film motion are poorly suited for
color TV film projection and high-grade video recording on 35-mm movie
£1lm,

2. Opticomechanical compensators are of extremely complex de-
signs. Their use is expadient only with a televlsion standard of 30
frames per second,

3. For a standard of 25 frames per second, systems in which film
motion is used in image scanning, i.e., systems not containing changeable
optical elements, should be considered the most prospective.

L. Among the latter systems i% is advantageous to note the sim-
plicity and high lens power of the system with optical doubling of the
scanning raster developed by the Television Department of LEIS.
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