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ASSIGNMENT 09
TELEVISION STATION EQUIPMENT

This assignment will be devoted to a general discussion of some of
the pieces of equipment used at a television station to develop the com-
posite video signal and to transmit it to the television receiver., In
addition to the equipment used to develop the composite video signal, &
television station, of course, employs equipment for developing and broad-
casting the audio frequency signal. However, this equipment is the same
type as that used in standard F-M broadcast stations and, since this
equipment has been discussed in previous assignments, no further dis-
cussion will be required at this point,

Before procesding with this assignment, it is suggested that the
Associate review carefully Assignment 66 which explains, in a rather
basic manner, the operation of a television broadcast system. With this
overall picture well in mind, it will be possible to proceed with the
general discussion included in this assignment.

Station Layout

Station equipment will be considered under five categories for this
discussion. These categories are: 1. Studio equipment; 2. Control room
equipment; 3. Film projection equipment; 4. Field pickup equipment; and
5. Transmitting equipment,

Figure 1 illustrates by block diagram the layout of a standard tele-
vision station equipped to handle studio, remote, film, and network
programs., The studio, control room, and film projection room will ordi-
nsrily be at the same location., The transmitter may or may not be loca-
t¢d at the same place 23 the studio. The remote pickup point can be any
site from which a "live® show originates such as a sports arena, theater,
site of a special news event, or a studio located at some distance from
the main studio. Network programs will come to the station by means of
special coaxial cables installed by the telephone and telegreaph compan-
ies.

Figure 2 illustrates the layout of a large television station
having several local studios. Centralized control of the station is
maintained in the master control room, The equipment used in a large
station will in general be of the same type as that used in a small sta-
tion but it is obvious that more of the equipment will be required,

Studio Equipment

The basic studio equipment will consist of television cameras,
microphones, and lighting equipment., The studio cameras normally employ
image orthicon pickup tubes., These cameras are generally mounted on
special dollies or booms so that they may be easily and quietly moved
during a telecast in order that a scene may bo picked up from different
angles or so that special effects may be produced.
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Studio microphones are of fthe same type as those used in standard
broadcast studios, Some of the microphones will be mounted on special
booms so that they may be moved freely during s telecast since micro-
phones are generally kept out of the range of the cameras, In some
cases microphones are placed in the camera range but are concealed so
their presence is unknown to the telecast viewer,

The studio lighting system must be very flexible to provide suffi-
cient lighting for the television cameras and yet allow the creation of
special lighting effects which may be required for some scenes. The
lighting system may consist of controlled overhead lights plus movable
lights mounted on dollies or suspended from special tracks on the ceil-
ing for front and side lighting of a scene.

Control Room Equipment

Control room equipment will consist basically of a video console,
director's console, audio console, synchronizing generator, and auxi-
liary equipment. The video console is the position from which the studio
cameras are monitored and controlled. Film cameras may also be control-
led from this position., The equipment in the video console will consist
of a camera control for each studio or film camera,

The director's console has provisions for monitoring the picture
being fed to the transmitter for previewing of pictures before they are
actually "put on the air" to check picture quality and signal amplitude,
and switching of video signals,

The sudio console will be of the same type as used in standard
broadcast stations and will provide for monitoring of the sound portion
of the telecast as to quality and signal level, Transcription turntables
and announce microphones may also be included with the audio console.

Figure 3 illustrates a typical television studio and the control
positions of the control room, In the studio are shown iwo cameras on
tripod mountings, two microphones on boom mounts, and studio props,
Three control positions are shown; these are, left to right, the sudio
control position, the director's control position, and the camera cont-
rol position, At the audio control position is the turntable, announce
microphone, and audio console. At the director's position are two pic-
tures and video signal waveform monitors (video control switches are in
front of the monitors but below desktop level), and at the camera control
position the camera controls for the two studio cameras are shown.

The synchronizing generator which is in the control room, provides
the signals which make possible the synchronization of the television
cameras and the receiver at the telecast viewer's home so that the trans-
mitted picture can be reproduced. One type of sync generator has been
discussed in an earlier sssigmment, A sync generator designed for oper-
ation at & fixed location is shown in Figure 4.

The auxiliary equipment in the c ontrol room will consist of such
units as regulated power supplies for the studio cameras, camera controls,
switching systems, monitors, etc., video and audio amplifiers, and video
and audio jack panels and patch cords. Additional equipment may include
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monoscope camera, relay receiver and transmitter controls, relay equip-
ment antenna controls, and terminal equipment for network and remote
video and sudio transmission lines. Some of this suxiliary equipment ‘is
illustrated in Figure 4.

Film Projection Equipment

Film projection room equipment will include film cameras, special
film projectors, slide projectors, multiplexer, and balopticon. Some
stations are also equipped to process and edit their own motion picture

film so that local programs or special events may be filmed and telecast
later.

Film cameras will differ from the studio cameras mainly in that a
different type of camera tube is used; the iconoscope being omployed
widely for this spplication. The film cameras are mounted so that the
picture produced by the film or slide projectors is focused directly on
the mosaic of the camera tube.

The film projectors are similar to those used for standard motion
picture projection and use standard 16mm or 35mm film. The prineiple
difference lies in the shutter opening and film pull-down rates. Standard
motion picture film is projected at a rate of 24 pictures per second,
whereas a television picture is produced at a rate of 30 pictures per
second. To compensate for the picture rate difference the film camera
tube is exposed to light from the projector at a rate equivalent to 30
pictures per second, but the film speed through the projector is still
at the average rate of 24 pictures per second.

The slide projectors are used for the projection of transparent
still pictures onto the film camera tube and are of the conventional
types used in homes and schools for showing slides.

The balopticon is a device used to projoct a picture from & non-
transparent surface onto the film camera. This makes it possible to
project still pictures without having them prepared in the form of slides.

The multiplexer is a device using an arrangement of mirrors so that
twe projectors may be used with one film camera. The projector is focus-
ed on the multiplexer and the light is then reflected by the multiplexer
at right angles and onto the film camera tube. Two projectors are mount-
ed on opposite sides of the multiplexer as illustrated in Figure 5. In
Figure 5 the multiplexer is mounted on the tubular stand in front of the
film camera. A slide projector is slso shown mounted on the stand with
the multiplexer and focused on the camera tube.

Figure 6 illustrates in a block diagram the studio, control room and
film projection room equipment, showing the general paths of the picture
and sound signals. Analyze this figure carefully to determine the menner
in which the various signals are handled.

Field Pickup (Remote) Equipment

Field pickup equipment will differ from corresponding studio and
control equipment mainly in that it is designed for portability. The
basic units required are field cameras, field camers controls, power
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supplies, field synchronizing generator, field monitor, field video
switching system, r-f equipment, and sudio equipment., It is obvious
that the equipment types are essentially the same ss required at the
studio location. In many cases stations use field equipment at the
studio location. This is more economical for small stations since the
equipment may be used interchangeably for studio or remote pickups, there-
by reducing the actusl amount of equipment required.

The picture signal generated at the remote pickup point is usually
sent to the main studio or transmitter location by mesns of transmitting
and receiving equipment operating in the 2000 mc or 7000 mc band. This
mothod is used because the type of coaxial cable required to carry the
wide-band picture signal is ordinarily not available between the remote
pickup point and the station, The audio signal will generally be trans-
mitted to the station location by telephone lines rented from the tele-
phone company.

A field pickup layout employing two cameras is illustrated in Figure
7. Compare this layout with the block diagram illustrated in Figure 6
and it can be seen that fundamentally the field equipment is similar to
the studio equipment. However, the field equipment is in most cases
considerably simpler and is designed for portebility. To facilitate the
movement of this equipment from one place to another the units are cust-
omarily mounted in conveniently sized cases which have suit-caze handles
on them. This permits the equipment to be moved and set up as desired.

Transmitting Equipment

The transmitting equipment includes a sound and picture transmitter,
transmitter-to-antenna coupling system, antenna, transmitter control
console, and suxilisry equipment, Additional equipment may include
turntables, microphones, and sideband filter. Figure 8 illustrates, in
block form, a typical transmitter layout.

The television transmitter actually consists of two separate trans-
mitters; an F-M transmitter for the sound and an A-M transmitter for the
picture signal. These transmitters are coupled to the antenna through
a special coupling network so thet both the sound and picture signals
can be radiated by the same antenna, yet isolation is maintained between
the two transmitters.

The television transmitting antenna is designed to concentrate
signal radiation along the earth's swurface since, at the high frequencies
used for transmission, energy which is radiated skyward iz rarely return-
ed to the earth and is consequently wasted. By concentrating the radi-
ation along the surface of the earth, the effective radiated power of a
station is increased. The antenna will be mounted on some high point
of the terrain from which the desired coverage can be obtained or on a
self supporting or guyed tower several hundred feet high. Figure 9 shows
a photograph of a typical television tower and antenna.

The tronsmitter console contains the power switches for controlling
the transmitters, a picture and video signal waveform monitor for check=-
ing the picture signal at input, output, and in various stages of the
tranamitter, and audio signal monitoring facilities,
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Auzilisry equipment at the tranzmitter lecation may include videe
and sudio asplifiers, power supplies, frequency monitors for the trams-
mitters, wsatercooling systes for transmitier tubes, and test equipasnt.
Turntables and anncunce micropbones will generally be avallable at the
transmittor location for test purpesss and for station breaks
periods when studio programs are not being presented. Telsvision stat-
fone transmit & test pattern and tone signal during certals hours of the
day for the convenlence of television receiver servicemen and users in
od justing the recelvers. During theos periods, statieon breaks and spec-
ial anmouncoments can be made directly from the transsiiter location.

Another urit which is used with some picture tranamitters is the
sidoband filter, According to the present tramesmission stondards only
part of the lower sidoband frequescies produced im sodulating the plcture
sigmal carrier are tramasmittod. Different transsitter sanufacturers use
difforsnt metheds %o resove the portion of the lower sideband. In scam
tranamitters it 1o dono by the tuned circuits of the tramsmitter. With
othear transmitters the frequancies are removed after the signal leaves
the tranasitter preper by feeding the signal through a filter circuit
shich removens the undeaired frequenciss and passes the resaining freg-
usncios on to the antenna coupling system. The filter 1s commonly called
& midoband filter,

At this peint it will be apparent te the Assoclate that many types
of equipment are used by a talevision stetion to gonerste and transmit
sigmals which are 1o be picked up by the television receiver and conver-
tod into & plcturs and sound, The discussien to follow will trest in
somowhatl more detail the besic functlons and theery of cperation of cir-
cults which are used in conmection with the handling of the pleture sig-
nal. It Bas bean peinmted eut that the pickup and tramsmission of the
sound porticn of the telscant is basically the same as that wsed in F-M
broadcasting. The Associnte may refer to the savignments on brosdocast
praciics and F-M tranamitters for this information.

Synchronizing Gamerator

The synchronising generator is located In the control room of a
television station and 15 n key plece of equipment for s television
aystem simce 1t produces the signals which contrel the scanning beams
of the camers tubes in the television camerss and the picture tubes of
the tealevisien receivers, The scanning beam in the camera tube sffect-
fvely converts various light intensities into electrical lmpulees in s
particular order and the soamning bean ¢f the receiver picture tubes
must reproduce these varistions in light in the sase order.

The output signals of & typleal syne generator will comasist of a
composite syne signal which becomes part of the tranamitted signal to
control the TV receivers; s composite blanking signal which becomss part
of the tramsmittod signal to blank out the TV receiver beam during the
vertical and lorizental retrace intervals; horizontal and vertical drive
ing pulses which are used to comtrol the swoeop circuits of the studie,
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field, or film camoras and monitors and as blanking signals for cameras
and some types of monitors. Additional output signals may include pulses
having frequencies of one-half the horizontal and vertical sweep frequen-
cies. These pulses are used to synchronize oscilloscopes or monitors for
waveform observations and ftest purposes.

Sync generators are made in two general types, one for operation at
a fixed location (see Figure 4) such as at the station, the other for
portable operation since & sync gonorator must be in the vicinity of the
cameras and associated controls.

The basic units comprising a sync gonerator are shown in Figure 10
(A); and consist of & timer or pulse former, pulse shaper and power
supply. The output signals sre generated in the pulse shaper circuits,
but since the output pulses must be accurately controlled with respect
to frequency ratios and time relationms, the timer or pulse former supp-
lies trigger pulses of the correct frequency ratios to the shaper for
the control of the shaper circuits.

Pulse Former

A pulse former is illustrated in simplified block diagram form in
Figure 10(B). A master oscillator operates at a frequency of 31,500
cps. The sine wave output of the oscillator is fed to a clipper circuit
which ie an overdriven amplifier and the resulting waveform is essenti-
ally a square wave. The 31,500 pps (pulses per second) output of the
pulse former is used to control shaper circuits operating at this rate
such as the equalizing pulse and vertical sync block generating circuits.

The 31,500 pps square wave is also fed to several frequency divid-
ing circuits in order to obtein the other required frequencies. A 2 to
1 frequency divider produces output pulses of 15,750 pps to control sev-
ersl shaper circuits such as the horizontal sync pulses and horizontal
blanking pulse genersting circuits. A 525 to 1 frequency divider pro-
duces s 60 pps output for the control of such shaper circuits as the
vertical blanking pulse generstor. Actually the 525 to 1 divider con-
sists of four cmscaded frequency dividers operating at division ratios
of 7T to-1, 5 to 1, 5 to 1, and 3 to 1. Thus the 31,500 pps signal is
divided by 7 to give 4500 pps, 4500 pps divided by 5 gives 900 pps, 900
divided by 5 gives 180 pps, and dividing this by 3 gives the 60 pps out-
put. The three freguencies 31,500, 15,750, and 60 are the basic freq-
uencies necessary to produce the sync, blanking, and driving signals.

The test signal, 30 and 7875 pps, may be produced by additional
frequency dividers as shown in Figure 10(B). These two frequencies are
then exactly one-half of the vertical and horizontal sweep frequencies.
Their use has been previously pointed out.

Since all of the frequencies have been obtained from the frequency
of the master oscillator a fixed ratio between all of the frequencies
can bo meintsined even though the frequencies are not of the exact values
spacified. If the master oscilletor is slightly off frequency all other
frequencies will be off by s proportional amount, their ratios remaining
the same. A fixed ratio between frequencies is absolutely necessary in
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order to produce the componite ayne, blanking and driving sigmals in
proper time relations.

In order to ‘mprove the stability of the sync gemerator, the msster
ereilletor is frequancy controlled. One method of frequency sontrol i»
to lock-in the master oncillator with amother eseilintor which {s erystal
comtrolled. Another methed, which is commenly used, 18 to compars the
60 ppe output of the pulse former with the 60 cps power line frequency
which in geserally maintained st o stable frequeeey oy the power compan-
fos. The pulse fermer eutput and line frequencise are compared by
discrimimmtor circult which produces a changs in d-c¢ output voltage If
the pulse former sutput is not of the sane frequency ax the power lime
voltage. The d-o output voltngo of the discriminator is scplied to the
#rid of » reactance tube az a contrel voltege causing the reactance tube
Y0 chango its effectiye resctence by the smount required te bring the
mazter oscillutor teo itz correct frequency. In primciple, the sctiem is
the same as that used {nm APC elrcuits explained in & previous discuseicon
on the sync gewnerator.

Felan aaper

The pulse shaper sctually produces the pulses which are the output
signals of the syne gemerater. Figure 11 1llustrates the shaper circuits
in & simplified block disgras.

Before connidering the general operation of the circults, it will
be sdvisable to study the various signals which are to be produced by
the circuit, to get inm mind the wave fhaper and timing of variouws out-
put pulses. The output signals of mtmpm-urmlhouhnpu
12(A) s= waveforss A, B, G, snd H, which ars the horizontal driving
pulses, vertical ériving pulses, composite synec eignal, and composnite
Blanking aignal respectively. The composite tyno and blanking signale
tegether with pleture nignals from the camsras yroduce the composite
television aignal.

The standard composite televiszion slgnsl which is used et the pres-
ont time I 1llustrsted in Figure 11 of Ansigrment 77. This figure shows
the gemarsl aopearsmce of the slgnal lmmedistely preceding, during, and
lamedintely following the vertical blsnking period for succensive fields.
The compoaits signal s sleo shown in Flgure 12(E) of this nssignment
in proper time relationm with reapect to all the other wavefarms of Flg-
ures 12(A) and 12(B). The composite video #ignal should be curefully
reviewsd at ihis point in order to visuslize the timing that sunt exist
betesen the parts of the signal, The threo basie parts of the =igmal,
sync, blanking, snd pleture information Are gensrated separately and
then added tugether to fors the ftandard signal,

It »ill be noted that the Ioeding odges of the borizontal blanking
pulses cccur slightly before the loading sdges of the horizonmtal syne
pulaes, This is to insurs that the recoiver scanning beam is blanked
out before the horizontal retrace begina. The small interval of time
botwesn the leading edges of the teo pulsos is called the “Prunt pereh™
interval. A front poreh laterval slec sppears betwsen the loading edpge
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of the vertical blanking pulse and the first equalizing pulse, It will
alse be poted thet there 15 & spocific interval between the leading edge
of the vertical blanking pulse and the last preceding borizontal blunking
pulss in ench field., A epecific time interval also oxints betwesn the
leading edge of the vertical blanking pulse and the first vartical syme
block. It becomes obvious that exsct tining zust be maintained betweasn
the sircults shich generate the warious parts of the composite signal.

0f the signals produced by the sync generator, the mowt comoles i»
the componite syme signal. There are seversl metheds of producing this
sigoal but only ore typicel method will be discussed in this sasigrment.
In this case the nync signal §# produced by mixing four difforent signals
together. These signals are illustrated by weveforsa O, D, K, ard F of
Figure 12(A). The sddition of these signals, peint for point, will re-
sult in waveform G. The portlons of waveform @ above and below the dot-
ted Jinen are clioped off 4in overdriven anplifiers, and the resulting
waveform will be standard composite ayne signal. The resuliing wavefers
mAy bhe more sasily visuslised 1f the clipped off portions of wavefors
G are covered by slips of paper.

To get & more complete ploture of how the syne signal is generanted,
it will be necessary st thin peimt te atudy the bleck disgras of the
pulse staper (Figere 11), in conjunction with the waveforms of Figurs
12(A). The four signals, C, D, B, and ¥ of Figure 13(A) are individual-
1y fed to four mizer tubes labsled te correspond with the particular wave-
form handled by esch mizer. These mizer tudes wploy the same plate load
resistor so that the resulting output signal becomes that of 3 which is
fod to » clioping sircuit. The syme output stage iz designed to operate
into a low impedance lood such as s coaxisl cahle which is gonerally used
to convey the signal to the nert unit ef e uipesnt.

Noxt conaider the source of the four signals C, D, B, and 7. The
equalizing pulses, C, are gonerated by = pulse generating cireult, such
A% A sultivibrstor, which is Sriggered by the 31,500 pps output from the
pulse fermer. The squalizing pulse getarator oparates cemiinuounly and
the pulass sppesr in the common plate circuit of the four mixers st all
tiams,

Vertical sync blceks sre wlso gemeratod continuounly by a varticsl
syne bleck genarator triggered by the 31,500 PP® signal from the pulse
fermer. Altbhough both the equalizing pulae generstor and sync block
goneraior are effectively triggerod by the same pulses from the pulse
former, they are met triggered at the saow instsnts. The trigzer pulses
are fod to a delny cireuit before bolng applied to the pulsus gemerstor
in order to "time™ the clircuits,

The equalizing pulse generater is trigeered alightly before the
vortical pulse generater. The result of this timing 1s shown by edding
wavalfornse C and E. A portion of an equalizing pulse forms the leading
#dge of each vertlcal sync block that appesrs in waveform 0. The resmine
ing part of the equalizing pulse occcurs at the time when the vertioal
block beging to sppesr and the sdditien of the two pulses produces the
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“pip"® which rides on top of the vertieal tync blocks. The equalizing
and vertical pulses are alse timed in respect to the 60 ppx cutput of
the pulre former by meams of the delay circults, Ag It bas been pointed
out, the vertical sync blocks are generated continwusly. However, szas-
ination of the composite symc sigmals shows that only six pulses are
sctually meoded every sixtieth of s second. The sis pulses sre inserted
by the verticel pulse insertionm elrcult which, slthough {4 uses several
vecuun tube circulis, may be considered as & switeh which closes sixty
times por second for periods just leng enough %o allow six verticsl
blocks to be fod from the vertical pulse gomarator to the mixer B, 4 60
ppe trigger pulse for the vertical pulse insertion eirewit is obtal ned
from the pulse foramer.

The pulses in waveform D of FPigure 12(A) are generated by the hor-
izontal syne pulse gemerator which is triggored by the 15,750 pps eutput
of the pulse former through amother delay cireult for proper timing. The
horfsental sync pulses are alse timed in respect 1o the equalising puloes
20 thet every other equalizing pulse will form the leading ndge of a
borisontal syne pulse. This results in » “pip"® on each borisontal syne
pulse as in the case of the vertiesl sync blocks,

Examination of the composite ayne signal will show that horizental
sync pulses do not appesar for a period of nine lines during oach field.
Tho nine pulses are removed by & 60 ppe signoal for the %-1ine keyor
eircult In conjunction with electroniec switch nusber 1. The electrenic
switch 12 simply a tube having tws signal grids, The output from the
horizontal ayno pulse gemerater Ly fod te one grid and the signal from
the 9-1ine keyor isr fod to the othar grid. The electronic switch tube
is normally in conduction allowing the horizomtal sync pulses-te appear
in the output end be fod to mizer D. MWhes the nine pulses sre to he
removed, the 60 ppe sigmal triggers the S<line keyor, ceusing it to
apply a negative going voltage to ome grid of the electronic switch tuba
cutting the tube off and thus rraventing the beriszontal pulses from
Sppearing at the input of the mixer D.

The notehing pulses, wavefors Fy are uced as & means of resoving
evory other equalizing pulse during the pericds when only horizomtal
syne pulasn ure to bs present in the cesposite sync signal, The notching
pulses are timed so that the unwanted oqualizing pulses fall inte the
notchen as shewn in waveform G. The ne tching pulses are produced by
the notehing rulse generator which 1s triggersd fros the 15,750 pps delay
eireult. The output of the notehing pulne gererator in fed to slectronic
wwitch numbur 2 which s controlled by the 9-1line koyor. Nine notehing
pulses are resoved at the time that the rime horizental sync pulses are
removed, in order to allow the six equalizing pulses to appoar before and
after the group of vertical sync blocks and for six other oqualising
pulses to form the lseding edges of the vertical blocks. Thin completes
the gererstion of the composite sync wignal.

The blanking pulses are genersted by separntis horizontal and vertical
blanking pulse generstors, which are triggered by 15,750 and 60 pps
signals respoctively and fed to a blanking mizxer. The nixing action
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will result in s waveform similar to H of Figure 12(A) except that hor-
jzontal blanking pulses would appear on top of the vertical blanking
pulse. The blanking mixer output is fod to & clipper which removes the
unwanted portion of the signel and produces the composite blanking signal
H. The signal then goes to the output circuit and terminals.

The driving signals which are used as trigger signals for sweep cir-
cuits of station equipment are generated by separate pulse generators and
fed to separate output terminals, The timing of these pulses, waveform
A and B, is shown in Figure 12(A). The leading odges of the horizontal
driving pulses coincide with the leading edges of the horizontal blanking
pulses. The width of the horizontal driving pulses can be equal to or
less than that of the corresponding blanking pulses. The leading edges
of the vertical driving pulses occur st the same time as the leading
edges of the verticel blanking pulses. The vertical driving pulses cannoi
be greater in width than the vertical blenking pulses.

In the case of the fixed-location type of sync generator the pulse
output circuits will generally be provided with two output terminals for
each signal so that s signal may be obtained with either positive or
negative going pulses. Portable sync generators are used with a specific
group of equipment and will ususlly have only one polarity of output for
each signal.

The Camera Chain

The camers chain consists of three main pieces of equipment; namely,
the camers, camers control, and associated powser supplies. The camers
is, of course, located in the television studio. The camera control and
the sssociated power supplies are located in the control room.

The camera consists of two units, the actual telovision camera or
pickup head s it is sometimes called and a view finder. The camera tube
together with the necessary deflection circuit and video amplifiers
makes up the pickup head which operates independently of the view finder.
The view finder consists of a small picture together with deflection and
amplifier circuits for reproducing the camera signal as s picture. The
view finder chassis is mounted on top of the pickup head chassis thus
essentially becoming part of the camera, ensbling the camera operator to
ses the picture being picked up by his camera end to adjust his camers
for best picture quality.

The camera control unit may be located many feet from the camers and
provides means for several slectricsal sdjustments of the camera tube
circuit, monitoring of picture and sddition of composite blanking signal
to camera signal.

The power supplies used in conjunction with this oquipment are of the
voltage regulated type having high current capacity. The mumber of power
supplies required with a camersa chain depends on the type of equipment
used, whether it is portsble or of the studio type. Portsble equipment
power is obtained from a single power supply, whereas, studio type camera
chains may require several power supplies. High voltages for picture
tubos and cemera tubes are obtained from high voltage supplies built into
each particular unit using such high voltages.
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Basically there is 1ittle difference betwoen studio and fleld camers
chain oquipmwnt. Prirciple diffarences are in the sechanical construction
and in the size of cemera control monitor picture tubes and wavefors
senltor tubes,

The lmage Orthicon Plcker Nead

Studio and field cnmeras used st the present time eaploy the image
orthicon camars tube which has been described in Assigrsent 94, The
pickup hoad of u camers ias relatively simple as shown by the block
disgram in Figure 13, The heart of the unit ia, of course, the camers
tube which comverts light energy into slectrical lapulses which are fed
to & video mmplifier. The videeo amplifier consists of several stages
which are componsated 30 a» to give a frequency respomne of sbout A
sogacycles. These saplifiers are of the same type that are used in
telovision recelvers sxcopt that they are derigned to handle a very low
level sigral and have s greater frequency response. A typical ampli-
fier requires four stages fesding a catheds follower output tube which
is connected through low impedance sosxisl cables to the camers contrel
snd view finder. The ssplitude of the sfgnal developed at the cathode
followsr in mormally approximstely 2 volts peak-to-peak,

Blanking signals sust be applied to the image orthicon tube during
the verticsl and horizontal retrace periods to prevest the scanning beas
from touching the target. If the scanning beam scans the target during
the retraces, the original charge produced on the target by light from
the sceme would be dlsturbed and dark lines would tend to sppear in the
picture. Blanking of the image orthicon 13 obtalned by spplying suf-
flclont megative going sigmal to the target to prevent the scanaing bhesm
from reaching the target. As shown in Figurs 13, the driving pulsss are
fod to » blanking mizer to produce s Blanking signal which is fod to the
image orthicon target with negative polarity. BScamning of the target
plus the wffect of the bdlanking signals will produce a camers output
signal simllar 1o that shown in Pigure 16(A), Although blasking pulses
are thus introduced, they are not satisfactory as the fimal blanking
signal of the composite video nigmal. The cosposite blanking signal
produced by the sync generator will be added Ister in the cmmers control.

The deflection circuits used with tho camers tube ars of the con-
ventional magnetiz type. The discharge tubes are triggered by the re-
spective driving pulses. Righ voltage fer the camera tube i3 obtained
by ssplifying and rectifying the high veltage pulses developed in the
horizontal deflection’ circult during the borizontal retrace. This is
much the ssme as the mathods used in receiver high voltage suppliss.,

Several of the veltages spplisd te elemsnts in the image orthicon
tube are remotely controlled from the camers comtrol. This system re-
duces the nusber of sdjustments that the camers man has to mmke during
operation when he may be kept busy focusing the camera om & scons. There
are mumerous slectiricel sdjustments on the plckup bead but these do not
roquire adjustmant during norsal speration.
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Optical focusing of the camera is generally carried out by a com-
bination of lons adjustments and positioning of the camera tube. The
lenses used are of the types used with high quality cameras and the
adjustments are similar, Fine control of the focusing is obtained by
mounting the camera tube on & track so that the tube can be moved a
greater or lesser distance from the lens by means of a gear assembly in
connection with the control knob or handle on the side of the camera,
Various types of lenses are available for different pickup distances,
A camera is generslly provided with four different lenses mounted on a
turret on the front of the camera, The desired lens may be selected by
means of & handle at the back of the camers so the operator can quickly
change lenses to meet various pickup conditions.

To show the camera operator that the signal from his camera is being
transmitted, a small light on the camera pasnel will glow. Lights may
also be provided at the front of the camera so that the performers can
tell which camera is being used at any given time to pick up the scene.
Theose are called "tally lights."

The Yiew Findar

A typical electronic view finder is illustrated in Figure 14, It
consists of & picture tube with a video amplifier which amplifies the
camers signal to sufficient amplitude to drive the picture tube and
deflection circuits., These circuits are of the same type as those used
in receivers, The signal fed to the input of the video amplifier is
about 2 volts peak-to-peak and is taken from the output terminal (A),
Figure 13, of the camera amplifier output stage. To insure that the
picture tube is properly blanked during retrace intervals, a blanking
signal is fed to the video amplifier in the view finder and mixed with
the camera signal, These blanking pulses are the mixed driving signals
obtained from the output of the blanking mixer in the pickup head, ter-.
minal (B) of Figure 13,

The deflection cirtuits and high voliage supply circuit of the view
finder are of the conventional type found in receivers using magnetic
deflection except that the discharge tubes in the saw-tooth voltage gen=-
erators may be driven directly by the driving pulses rather than by
horizontal and vertical oscillators,

The view finder unit is compsct and clamps to the top of the pickup
head in such a position that the picture tube is directly in front of
the camers operator so that he can constantly check the output quality of
his camera., This enables the camera operator to correctly focus his
cemers on the scene snd also to properly position the viewed scene, The
view finder can be removed from the camers without affecting the operation
of the pickup head,

The Camera Control

A camera control unit is required for each camera. The camera
control unit is equipped with two picture tubes, A large one used for
monitoring the picture and & smaller picture tube is used in an oscillo~-
scope circuit for the purpose of observing the waveform. The oscilloscope
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used for viewing the wavefor= is called a wavefors monitor. Im the camers
comtrol units wsed with pertable squipment the picture moniter tube is
gonerally 7 inches wnd the wavefors monitor iz a 3 inch tube while in the
eamare contrel units used with studio squipment the picture monitor is s
ten inch tube and s five inch tude ia used for the wavefors moniter.

The compesite blanking signal developed by the sync genmerater is
added to the camers sigmal in the camers control unit, The composite
sync signal =y also be added in this unit, however, this 12 done omly in
m-aocn.uuommnmmmrmmmumu
her 18 net dene during & telscast, The asplitude of the blanking pulse
in the video aignal is adjusted %o the desired wmlue in this unit, The
amplitude of the blanking palss with respect to the picture information
betwesn the pulses will detarmine the backgreund illumination of the re-

picture, that ia, whather the picture sppears light or dark. The
blanking amplitude Ls adjustable by means of » sanual comtrol and 1s set
by the camars control eperater, Correct adjustment is determined by
ohoerving the reproduced gcens on the pleture monitor and the signal wave-
form on the wavefors mealtor,

Soveral veltages far eloctrodes im the image orthiconm tubs of ihe
samers are adjusted by means of controls im the camers comtrol unit,
Voltages that are sdjusted at this unit are the grid voltage (benn currest
somtrol), beam focus slectrode voltage (orthicon focus), target veltage
(target contrel), multiplisr focus voltage (maltiplier focus control),
and the phote-cathode voltage (imsge focus control). These voltages may
require adjustment during operation, so by placing the contrels in the
camers contrel unit, the susber of adjustments that the camsrs operator
suat make during s telecast is reduced, enabling him to concemtrats om
the optical foous of the onmers and to follew a moving scens more easily.

Figure 15 L1llustrates s typical casera control unit in simplified
form, Let us first comsider the path of the video sigmal through this
unit and the sddition of the composite blanking signal, The output
pigeal of the caswrs is brought teo the ingut of the contrel video ampli-
fier by means of n coarial cable, This cable in generslly of the 75 olm
type and is terminated at the control ingut. The length of the cable may
be up to sevoral bundred fest Ln neame inatallations, The signal is mxp-
1ified by several conventional componsnted video auplifiers and the
composite dlanking signal i» added in one of these stages. The addition
of the two signals is illustrated Ln Figure 16, waveforms A, 8, nnd C.
This results in & blanking pulee which is too great in anplitude and
may have sooe irregularities which are mot suitable for transsission,
The uswantod part of the resuliant blanking pulse has to be clipped off
leaving & blanking pulse of the correct sxplitude and with a flat top se
that the composite symec signal cen bo added later,

A claspor circult st the input of ons video saplifier clampe nll of
the blanking pulse tips te s set refersnce point (ss in d<c restorer
sction) and the proper mmcunt of the blanking paloe is elipped off im the
clipper cireuit, The amcunt of the blanking pulse that is clipped of! ia
such that the resaining blanking pulse amplitude will be spproximately
squal to that of the blanking puloes which appear in the camera sigmal
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(waveform A) which were produced by applying the driving pulses to the
camers tube target. The waveform D of Figure 16 results after clipping,
and the dotted lines indicate the position of syme pulses which must be
added. The output of the clipper is then fed to a video output stage and
the picture output terminal of the camera control.

If the composite sync is to be added in the camera control, it is
fod to & sync smplifier which passes the signal to s video amplifier
following the clipper for mixing.

The clamper circuit differs from a conventional d-c¢ restorer in
that & keying or triggering signel must be apnlied to it in order for it
to function, whereas d-c restorer circuits generally use the video signal
itself as a keying sigral. The horizontal driving pulsee are used as the
koying pulses for the clamper. When the clsmper circuit is triggered, it
causes the grid of the clamped smplifier to go to a specific voltage
each time and since the driving pulses sppear at the same time as the
blanking pulses, these pulses are sll effectively clamped to the same
lovel.

The video signal output from the camera control will gemerally be
connected to a switching system in the control room at the studio or in
the case of a remote setup to a field type of switching system. The
video output signal is also fed to the grid of the camera control monitor
and to the verticsl deflection plates of the waveform monitor so the
picture cen be monitored snd the waveform observed.

Secondly, consider the path of the driving pulses through the con-
trol unit. The horizontal driving pulses coming from the sync generstor
are supplied to four circuits; to the clamper through & clamp keying
amplifier, to the horizontal deflection circuits of the picturs monitor,
to the horizontal deflection circuits of the waveform monitor, and to
the cmmers through s ceble. With the driving pulses fed to the deflection
plates of the waveform manitor through switch S8W, two lines of the video
signal waveform can be cbserved on the CRO.

The vertical driving pulses are fed to three circuits; to the
vertical deflection circuits of the viewing wonitor, to the horizontal
deflection plates of the waveform monitor tube, and to the camers. With
the vertical driving pulses supplied to the deflection plates of the
waveform monitor, an entire frame of the video signal may be observed.

A tally light is provided on the camera control panel to indicate
that the signal from the unit is being transmitted. This tally light
will work in conjunction with the lights on the camera. The tally lights
are controlled from the switching system.

The units of equipment discussed so far, namely the sync generator,
camera, and camera control, can produce & composite video signal provid-
ing the sync is added in the camera control. However, many other types
of equipment are required to provide a flexible system for the handling
of the video signsl and pulses which control these units.

Yideo Switching System
The video switching systems in use at television stations are of
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many types. The system wed will depend upon the sise of the station and
the flexibility that is denired. OSisple studic and fleld types will pew
be discussed which provide for switching between seversl camerss and
other sources of video sigmals.

A general ides of a typical switching system and sssocisted equip-
®ont may be obiained by referring te Figure 17. The system consiasts of
the actual ewitohing circuits, a ploture and videe 2ignal wavefora mon-
iter and, of course, mecessary power suppliss. A typical switcher has
inputs for handling video sigrals from six different sources, for exam-
ple, fres four stulio and file cameras, network, and remote sources. The
output of the switcher is fod to additional switching eircults in the
master comtrel room of a large lnstallation, to a stadlilising saplifier
and then to the tramsmitter in the case of smaller installations, or te
the relay transmitter in the case of a flald setup. The exsct srrange-
mnet used will depend on each particuler station layout. The output
sigonal 1s alno fed to necessary monitors.

Provisions are gemerally made so0 that the composite syne sigral may
be ndded in the switcher if desired. In the case of remote or field
equipmont, the symo is added in the switcher. AL the station location,
sync i gererally added in n stabilising smplifieor. The syme nigmal ia
always added to & camera signal at = point in the system following the
switches which ars used to change from ome camers to amother. This is
done to provent interruption of the synme signal during switehing which
say cause undesired pulses to appear in the composite video sigmal and
caure television recelvers to lose sync scowntarily cech time the statien
changes from ore camers to another. In many instances dwring & telooast
the scome picked wp by one cammrs is faded out and the scens from snother
camers 18 faded in o prodwce an effect like that woed in motion pictures
for seone ohanges. This o done by merely reducing Lhe axplitude of the
signal from onoe camers and increasing the saplitude of the sigml from
the second camers. If the sync pulses were present on the sigml from
onch owmors, for exsmple, 1f the syme had boeon nddod st the camers comt-
rols, the syne pulse maplitude would also change with the result that
syne pulses transsitted o the telavision receivers would tend to vary
in saplitude ard cauae loss of synchroniasntion to occur,

Power for the tally lights of the camerss and camers comtrols is
also supplied from the switcher through switches imterlocked with the
video signal selector switobes,

The type of monitor used ir conmjunction with the switohor is socme-
tizes referred to as & saster monitor. The picture tubs will generally
be of the 10 inch aize and the waveform moniter tube of the 5 inch type.
Switches are provided in the switcher so that the monmitor can be used to
monitor the sigmal leaving the switcher or sigmls coming to the wwitcher
which are not actuslly beinmg fed to the output of the system., Thus,
pleture quality of & signal can be proviewed before it is switchod to the
tramamitting cireuits,

Switching circuits for the irtoercommunmication system used by oper-
sting personnel during & telecast are sometimes included as part of &
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fiold or studie switching system,

Fiald Switching System

Ona typs of field switching usit i illustrated in Figurs 18(A).
This diagram considars enly the video and monitor switohing ciroults.
Four camers imputs and two muxiliary imputs are provided, BEach imput
terminal provides a terminating resistor for the coaxisl eable which
cornects the switcher to a camers or other pignal seurca, Csmers selec~
tor switches and nuxiliary switches are provided for sach input but are
interlocked 2o that only one signal can be selected at a tims, As shown
in Pigure 18(A), the selector switch for the Camera=2 input would be
slesod and the signal would be fed to the input of the video smplifier
and the symc soparator and amplifier, Also, the tally light switeh would
pu-uuuyummuu.ppuuuu-wulmnmm
control and camers which 1s sonmected to the Camara-2 termisals, indica-
ting to the cumers man, camera sontrel operster, and other persennel ihat
tho signal fros this particular caswrs i3 belag transmitted,

The video sigmal gees through a video smplifier to a elamper cireuit
of the type used in the camers control. The clamper reimsertis the d-2

of the video signal snd passes the signal on to ihe vidoo out-
put amplifier, The video output torminal will gemerally be coemected to
& relay transmitter in the cease of & resmote pickup, however, in some
casens suitsble cable may be svailshle to carry the gignal to the sistiom
location, If the switching system is used in place of the studis iype
at the station, the video output would be sonnected to master sontrol
circults, & stadilizing video amplifier or other video amplifiers,

A sigml from the camers control would mot have composite sync added
when fod to the switcher, Composite sync would be fed to the 2yne
amplifier and with the switch 5W in the position shown in Flgure 18(A),
sync would be mived with the incoming signal in the video output mmplli-
fier. The composite sync pulses are also fod to the clamp keyimg ampli-
fier to trigger the clamper circuits, (In the case of the camera comt-
rel, borisental driving pulses wers used to comtrol the olampor.)

1f & signal slready baving the sync added comes in to the switching
ayatem, 5W i turned to the INT SYNC position. This disconnecis the
sync amplifier from the clamp keying azplifier and connects the zyne
separator and axplifior %o the clamp keying smplifier. Sync pulses pro-
sent on the insoming siganl are separated from the picture information
fn the sync separating circuit snd are uned to trigger the clamper cir-
cuit, (NOTE: The symc soparator does not resove the sync pulses from
the signal passing through the video ifiers). Signals having sync
already added will normally be brought in te the auxiliary inputs,

The video signal is also fed to an suriliary monmitor sutput ampli-
fier and to one terminal of tho monitor selector switch,

The moniter selsctor switch permits cne monitor %o be used for
moniteoring of the switching system outpet signal (sigmal to be trans-
mitted), the signal at the output of the relay tramsmitier, s pignal
which is not passed through the switching circuits such as a cus signal
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from the station, and the two auxiliary input signals. Thus, the quality
of the picture can be checked as it leaves the switcher and sgain at the
output of the relay transmitter so that if trouble develops between the
switcher and the relay tranamitter it can be quickly localized. Also,
signals fed to the auxiliary inputs can be previewed before being switch-
ed in. If desired, a second master monitor can be connected to the aux-
iliary monitor output for constant monitoring of the signal at the output
of the switching system.

Some types of field awitching systems also provide circuits for
fading and superimposing pictures.

Studio Switching System

An example of & studio type of switcher is shown in Figure 18(B) in
simplified form. Four camera inputs are provided plus two auxiliary in-
puts, each terminal being terminated in a resistance of correct value for
the type of coaxial csble used, The camera and auxiliary selector swit-
ching is different than that used in the field switcher. Two selector
switches, which are labeled A and B in the diagram, are used in conjunct~
jon with each input, Each signal can be fod to either of two video amp-
litiers called *Channel A" and "Channel B® amplifiers. The output of
the %wo amplifiers is common 50 the output signal of each amplifier is
fed to one output terminal. At the input of the amplifiers there are
controls by which the amplitude of the signal to each amplifier can be
controlled, (fading controls). In the diagram, the Channel A amplifier
is conmected to the Cam-3 input and the Channel B amplifier is connected
to the Cam-1 input, With the fading controls set as shown, full signal
amplitude would be aoplied to the Channel B anplifier and the picture
signal of Camers 1 would be fed to the video output terminal, By moving
the fading controls in the direction corresponding to the left~hand
direction on the disgram, the picture from Camera 1 can be faded out and
then the picture from Camera 3 faded in.

An offect called a “"dissolve® is produced when one camera is faded
out at the same time that another is taded in. This causes the pictures
from the two cameras to appear on the screen st the same time end one
picture appears to dissolve or tade into the other as the changeover is
made, The rate at which the changoover is made can be controlled by the
speed at which the fader controls ars moved, Instantaneous changeover
can be made by relessing the selector switch for one input and depressing
the selector switch for the desired input. Many special effects can be
produced by the proper manipulation of the selector switches and fader
controls,

A monitor selector switch is also incorporated in the switching
system, so that one monitor may be used to monitor the signal to be trans-
mitted, or to preview the signals fed to the aurxiliary inputs., However,
generally at least two monitors are used in connection with the switching
system, one to constantly monitor the transmitted signal and one to pre-
view pictures which are to be transmitted. The picture signal to be
transmitted is obtained from the output of the stabilizing amplifier
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which follows the switching systam,

The sutomatic sync control circults shows in the block diagras will
be considered under the discussion of the stabilizing ssplifier, Although
not shewn in the disgram, tally light seitches are operated in connectlion
with the camers switches as in the sase of the fleld switching elrcult,

Stabilizing Aplifler

One of the most important of the videe amplifiers listed as part of
the station equipment in the first part of this sssignment is the stabdi-
1izing amplifier, The main purpose for this smplifier iz %o minimize
nolse snd distortion which say have been imtroduced inte the video sigmal
as & result of the sigmal having to pass through many circults betwesan
the originating point and the video tramsmitter, to suppress surges in
the signel which are s result of switching, to add the composite syme
signal te picture sad blanking or to correct sync pulsss to the désired
shaps and amplitude, The amplifier may be used at several pointis in the
station system such as at the lsput to the tramsmitier, st the esutput of
video awitchers, at the terminating end of the network or lomg studlo-te-
transmittor cables., Some installations may require several stabilizing
amplifinrs,

A typleal stabilizing asplifier 1s shown in block form in Figure 19,
The way in which the amplifier removes noise and distortion from the
video sigmal would requirs & discussion of the sctusl clreuits uned and
po will net be comaidersd here, However, the path of the video signal
and the nddition of the sync signal can be comsidered with little dirfi-
oulty.

The video signal 1s brought to the *PICT IN® terminmal from a source
such as the studio switehing system, The composite symc may or may not
be present on the iscoming signal, A signal origimating at & remote
plekup point or from a network will have symc pulses nlready added,
Bigeals originating at the studic may not bave the symc added until 1t is
added in the stablilizing seplifier, Thus it bocomes mecessary to diacuse
the nction of the smplifier for two different imput sigmal conditions.

First 1ot us sssuse that = signal without sync pulses in fed to the
stabilizing smplifier, The incoming signal fs then amplified by piciure
amplifier number 1 snd fed to amplifier mumber 2, Local aync from the
sync genorator is fed through s gyne mmplifier and to the inmput of ploture
anplifier number 2 which results in the addition of the syno signal %o
the incoaing signal. lHowsver, the addition of tha synme sigmal at this
point 1s only for the purpose of comirolling & clamper circuit ss will be
obvious Iater,

The output of ploturs asplifisr nusher 2 goos to a clamped pleture
saplifier and clipper ciroult which cperstes on the same priaciple as the
clamper and slipper elrcuits used in the camera contrel and fleld switeh-
ing system, The clipper is sdjusted so that the signal 1a clipped at the
»iack lavel (level of the blanking pulssa) and the sync pulses are re-
moved. The sigeal goes through ploturs smplifier nusber 3 and to & ayne
mizer in which the cemposite sync is finally added. The signal goes to
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the picture output elre,h which is designed to work inte s low lapedance
cable s » load,

The video signal with syne added is also fed to pleturs amplifier
nusber 4 from the output of the clasped picture mmplifior. The signal
goes to = symo soperater and clipper in which the pilcture and blanking
portion of the signal is removed and enly the sync pulses are retained,
(This action iz similar to that used in receivers). The sync separater
and clipper circulls bave two cutputs, one 10 & cable terminal g0 that
the sync pulses may be supplied to any umlt requiring s composite symc
signal, and the other to a pulse former circult. This pulse former must
mot be confused with the pulse former discussed in comnection with the
aync gemerator. It is merely a differemtiating eirsult plus s vacuum
tube clipper which produces an output comslsting of pulses which coincids
with the trailing odges of the sync pulses. The pulses produced are fed
te the clasp teying ssplifior and then to the clasper as trigger pulsss.
The only time that the clamper (d-¢ resterer) elrcuit is in eperation,
then, In for a short perlod beglaning with the trailing odges of the syne
pulsgs. Thus 1t 13 seon that the sddition of the sync at the input of
picture aaplifier nusber 2 merely provides & keying signal for the
elasper,

With the sync selector switch in position 2 as shown in the disgram,
the sync pulses from the sync separstor and clippor are slso fed
another clipper and output clrcultl to the sync mizer for final addition
of the cemporite ayne Lo the outgeing video signal. A syne amplitude
centrol ls incorporsteod in the syne cutput clircult ao that the sdded syne
pulses will be of the desired smplitude. If the stadilising asplifier
is at the input to the transmitter, the sync amplitude control must be
adjusted se that the sync mmplitude in the transmitted sigmal is of the
standard aaplitude. (See Pigurs 12(8), wavelfors J).

An ouwtput Serminal 1s provided on the saplifier for conmection %o a
moplter so that picture quality amd signal waveform may be checked ut the
output of the stablilizing smplifier.

The switching-transient suppresser circult e used to remove surges
which may be introdused into the video signal as & result of switehing
betwean camerss or aignal sources,

Secondly, anssume that the incoming signel includes the componite
sync. In this cese the automatic symc-contrel circults in the studio
switching system will prevent the syne saplifier from feeding local syme
into the imput of picture amplifier nusber 2 and the addition of any
lgcal symo to the wmignal. The syne is removed from the blanking pedestals
in the sune manner as for the preceding csse. The symec pulses from the
output of the symc separator and clipper stage are amplified and clipped
again by the syne clipper and output circult. This arrangsment i en-
ployed so that, 1f the sync pulses on the erigisal signal at the imput of
the stabllizing ssplifier have become distorted in preceding stages of
the atation system or in the transmission from a remote point or metwork,
they will be completely reshaped when added to the sigmal sgainm in the
aync mizer stage. In other respects the saplifier works as described
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for » signmal without syne.

When the sigmal {2 changed from one with syne to one without sync
At the switching system, such as switching from s remote signal control-
led by s sync geserator at the pickup point to s signal from the studie
which iz comtrelled by the station syne generator, the sutomatic syme
control clroult will permit the sync smplifier to function and the local
sync will be added.

In some cases 1t may be desiradle to sdd local syne to & signal
controllsd by remote or network sync generstor. This will require sddit-
ional equipment in the way of a system which will centrol the local
syne gensrator to the same frequency axd phease ss the remots or metwork
generator. The selector switqh is then cpersted in pesition nusber 1
and the local syne is fed from the "SYNC INPUT™ terminal to the syme
mizer. The symc puloes present om the incoming signal will sppear at
the “EYNC OUT™ terminal of the stadilising asplifier and can be used
in conjunction with additional control equipment to "lock in™ the locel
sync gonerstor to the frequency and phase of the remete gemerstor.

Platribetion Aaplifier

Ancther type of amplifier which finds comsiderable use in a station
is the distridution amplifier. It will consiet of several, for example,
five, low gain amplifiers sountsd on one chassis. Bach of the five
soplifiors will have & gain of sdout 1 and & bandwidth wp to 8 mo. Bach
amplifior will alse be designed to have s high input impedance so that
it will mot load the circult to which it is conmected and will have a
low output impedance for operation into s low impedance coaxial cable.
Each of tho five maplifiers may be operated an s separate unit,

A distribution ssplifier say be used to distridute one signal te
several load circuita; to feed several signals to ome load circult; to
mix syne signals with the plcturs and blanking signals; to operate as a
stralghtforwnrd amplifior by connecting 2 or more stsges in parallel.

Several oxample spplications of distribution saplifiers are shown in
Figures 20(A), 20(8), 20(C), and 20(D). Pigure 20(A) shows how the
vertical or horisoatal driving pulses or the composite Dlanking sigmal
from the sync generator may be distriduted to four camers contrels and
& monoscope. This method of dlstridution persits isclation of the five
output elrcults from the syme generstor output. For exaaple, i{f u short
eireuit should occur im one of the output cables, the sync gemerater owt-
put and the other four outputs would not be effected.

Figure 20(B) 1llustrates how the compesite syne signal could be
distributed to the switching system stabilising amplifiers for thres
studios, to tha film projection room, and to the station repair shep.

A wmothod of adding composite symc to a aignal L shown in Pigure
20(C). Pleture sigeals from twe studlo switching systems are fed to
smplifier sections one and two of the distribution saplifier smd the
outputs of sections one and two are parallsled with the output of section
four which bas sync pulses applied to the inmput., Thue, the cosbined
outputs of amplifior sections luand 4 or 2 and 4 will be & componite
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video signal. The picture signal from the film room is fed to amplifier
soction 3, the output of which is paralleled with the sync output of
section 5 to produce & composite video signal.

If it is necessary to produce a gain of more than one, the amplifier
sections may be parslleled as shown in Pigure 20(D). The inputs and
outputs are parslleled and a single signal may be handled by the am-
plifier.

Pulse Distribution Box

Another unit used for the distribution of driving and blanking sig-
nals from the sync generator to camera controls or other devices requir-
ing these pulses is called & pulse distribution box. The distribution
box is used primarily for pulse distribution to camera control units.
This unit is illustrated in Figure 21. The three outputs of the sync
generator may be connected directly to the input terminals of the distri-
bution amplifiers if several distribution boxes or other sync generator
outputs are required. The distribution box is provided with four output
sockets, each socket furnishing vertical drive, horizontal drive, and
blanking signals. If it is desired to operate more than four units
from the output of the box, the units may be series connected in sets of
two so that a totel of eight units may be operated from the four outputs.

The cables connected to the inputs of the distribution box are ter-
minated by resistors corresponding to the impedance of the cable. This
means thaet the circuits connected to the outputs of the box must be of the
high impedance and low capacity type such as the grid circuit of a vacuum
tube. The distribution box must also be located in the vicinity of the
units to which its output is supplied because long cables connected to
the output would have foo much capacity and would distort the pulses.

Film Projection Room Equipment

Basic projection room equipment is illustrated in Figure 22. One
film camera iz shown which is used to pick up the pictures from two
film projectors and one slide projector. Film cameras are generally de-
signed to use the iconoscope type of camera tube. The iconescope requires
high illumination for satisfectory pickup, but this disadvantage is over-
come in tho cese of pickup from film because the projector can be focused
directly on the mosaic of the camera tube and sufficient illumination is
thus easily obtained. The film camera requires no lens system bocause
the lens on the film projectors or slide projectors will take care of
adjusting the projected picture to the proper size and focus on the
camera tube mosaic. A camera control is required for the film camera as
in the case of studio or field cameras. This unit mey be placed in the
control room alongside the studio camera controls as part of the video
console., However, the film camera control may be located at any gonven-
ient point,

The film projectors used are standard projectors with certain modi-
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fications required to change the 24 frames per second rate of prejection
to an sffective 30 frames per sscond to conform to the television siand-
ards. (This will be discussed in greater detail prosemtly). Stations
may be equipped to project léas, 30mm, or both types of movie film.
Soall ststions will geserally use lGem film beceause 1%t is readily avail-
sble, and it can be stored safely without special storage vaults and
handled with less precaution than the 3I0mm type. AL least two fils
projectora are generally used so that full length movies or mere than one
short film can be run without interruption for the changing of fils reels.

To 1imit the mumber of fils camerss needed in the projection reom,
n unit (sometioes called s multiplexer) having an arrangssent of fixed
or movable mirrors 18 used to reflect the light from the projectors ente
the camers tiube. An example of this areangesest is shown in Figure 232.
Twe fized mirrors are placed so that the pleture from either projsctor
$a reflected on the sossic of the camera tube eves though the film pro-
jectors are placed at right angles with respect to the filecamorn. The
slide projector i» moumtod sbove the sultiplexer so it is focused directly
on the camers tubs. In some imstallstions the mirrors are movable and
can be gquickly adjusted by meams of a lever te permit the use of ome
camara with several projectors.

Accossory equipsent 1n the projection room mey include s conirol and
monitoring panel. Floturs and seund monitors are used %o check picture
asd sound quality of the file during program transmission or during the
pre-running of a film which is to be telecnst later. The control pamel
will include the necessary start, stop, and changeover comtrols for the
film projectors, snd slide projector lamp comtrols. A picturs and sound
moniter will also be available so that portioms of the telecast mot
originating in the film rcom may be obsarved by the film rocm persennel,
sspocially for ow purpeses.

Princinles of Film Projection

The basic principles of film projection and the difference in stand-~
ard and television film projection may be descridbed with the aid of
Figures 23 and 24. A movie film sctually comaizts of n series of still
pietures, each ploture differing slightly from the preceding ome, By
prosenting this series of still pictures on & screen at & rapld enough
rate, the {llusien of motion 1s ebtaimed. Inm standard movie projectors,
sach still picture on the film is projected onto the screen twice and
then the succeeding still pieture is shewn twice, eto., at = rate of
24 pletures (frames) per second. By showing the serles of still ple-
tures st this rate, the illusion of sseoth sotion i produced by the sys.
The showing of esch ploture twice ix done to reduce the effect of light
flicker.

The prineiple of film projection iz 1llustrated in Figure 2. The
film paases in fromt of an sperture or opening which is the same size
a3 sach of the still pletwrss (frames) on the film. Each frame is held
motionloss in front of the aperture and light from the preojector lsap
passes through the lens, the fila, and through the projection lens and
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to the screen. In order to bring the succeeding still picture in front
of the aperture, it is first necessary to prevent the light from passing
through the film, This is done by means of the shutter which usually
consists of a circular disc with one or more notches cut in it. The
shutter rotates allowing light to reech the film only when a notch is
in front of the aperture. While the light to the film is cut off by
the shutter, the pull-down claw engages the small holes along the edge
of the film and pulls the film down until the next frame is in front of
the aperture. The shutter then allows light to pass through the film
to the screen to present a picture. If the shutter opens only once for
eoach frame the human eye will detect a flickering offect because of the
light interruption. To overcome this condition, which would be tiring
and undesirable, the shutter is rotated so that two notches pass by the
aperture for each frame. The timing of the light flashes through the
film with respect to each frame and film pull-down is illustrated in
Figure 24(A) and (B). This shows that the light is interrupted for each
pull-down and once during the period that a frame is held stationary at
the aperture.

It would seem at first that a television camera could simply be
focused on & movie screen, or the projector focused directly on the
camera tube, without any changes being made in the projection system.
However, the television camera is more sensitive to sudden light changes
than the eye. Although the sudden changes of illumination produced by
the shutter in the projector are not readily noticed by the eye, these
changes of illumination on a camera tube will produce varistions in the
electrical output of the camera which consequently results in variations
of the beam intensity of the picture tube in the TV receiver. The
changes in illumination occurring 48 times per second, plus the visual
effects of blanking out the receiver picture tube 60 times por second
for vertical retrace, produces a noticeable flickering of the reproduced
scene which would be annoying to the television viewer. It is possible
to overcome the flickering effect by interrupting the light through the
film at the projector 60 times per second instead of 48, and by phasing
these light interruptions properly in respect to the vertical blanking
pulse of the composite video signal. This change must be done in such
& manner that the standard film speed can be maintained so as to permit
the televising of standard movie film.

The proper time relations between film pull-down, film and camera
tube illumination, scanning fields, and vertical blanking pulses are
illustrated by Figures 24(C), (D), (E), and (F). From Figure 24(C), it
will bo noted that the time allotted for film pull-down has been reduced
in comparison with the standard pull-down time. This requires modifi-
cation of the pull-down mechanism of the projector. The slhutter may
also be changed so that it produces light pulses through the film and
to the camera tube as shown by Figure 24(D). (Some asystems use a pulsed
light source in the projector instead of the shutter). It will be noted
that the light pulses occwr during the vertical blanking pulse interval
and that the cemers tube is scanned during the interval between the light
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pulses; hence, there is no sudden change of illumination on the camera
tube during the scanning periods which would tend to produce flicker in
the received picture. The storage action of the iconoscope camera tube
makes this system possible. The tube stores the picture information
obtained during the light pulses so that it can be scanned in the absence
of light.

Frame number 1 is shown to be exposed twice, frame number 2 is
oxposed three times, frame number 3 twice, frame number 4 three times
and so on. The average scanning rate is, then, two and one~half scannings
per frame, and since the film speed is 24 frames per second, 60 scanned
fields are produced for the 24 frames. This effectively changes the
48 "fields" per second of the standard film to the 60 fields per second
required by the telesvizion system.

Yideo Equipment

So far in this assignment the individual units used in the studio,
control room, and projection room to produce a composite video signal have
been discussed, At this point it will be desirable to get a more com-
plete montal picture of how all of these units are interconnected as
far as the various signels in the TV system are concerned.

The distribution of the composite sync, composite blanking, and
driving signals is illustrated in Figure 25. The composite sync signal
from the sync generator is fed to the stabilizing amplifier where it
will be sdded to the picture and blanking signals from studio and film
cameras. The blanking pulses and the vertical and horizontal driving
pulses are fed to & pulse distribution box (or to distribution ampli-
fiers) and then to each of the four camera controls. The blanking signal,
as previously explained, will be added to the sigmal from a camera in the
respective camora control. The vertical and horizontal driving pulses,
however, must be fed to the camera to control the sweep circuits and
provide blanking pulses for the camera tubes.

Although not shown, two sync generators are generally available
at the studio location, one in use and one as a spare because if this
unit becomes inoperative the station cannot operate,

The path of the camera signals through the control room equipment
iz shown in Figure 26. For an example, consider the path of the signal
from camera rnumber 1. The signal first goes to the camera control where
it is mixed with the composite blanking signal, the correct blanking
amplitude being adjusted by the camera control operator. The signal
with blanking added is fed to the camera monitor so that the picture
quality and signal waveform may be observed. The signal must also go
to the switching system being fed to the camera control number 1 input
on the studio switcher, When the camera number 1 switch on the switching
system is depressed, the signal will be fed to the picture signal input
on the stabilizing amplifier where the composite sync is added producing
the composite video signal.
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The video output from the stabilising axplifier goes $o the trans-
aitter locatien, The menitor outpul of the stabilising smplifier i
shown going to ths input of & distridution amplifier. The signal 12
thugs distributed to sevaral monitors. Section 1 of the distribution
snplifier feeds the video signal to the "line® monitor input eon the
switchar so that the outgolismg signal may be viewed on the preview meni-
tor for monitor sdjustments when thers {s mno signal on the suxiliary
pesitions of the moniter selecter switch. Section 2 of the distribution
smplifier supplies the cutgeing signal to a line menitar which is genar-
ally used for consiant monitoring of ths signal being fod to the trame-
mittor., Amplifier section ) and 4 are shown an heing used to feed the
sigeal to & monitor in the announcer’'s booth and to an office meniter,
Amplifier section 5 supplies the video sigaal to a menitor im tha pro-
jection room.

It may appesr that saly the auxiliary input signal can be previewed
with the system shown, FHowever, the camera controls cam be used %o
proview films or studie robonrsala, With the simple system shown, the
eamera conirels would be placed side by aide snd the line and previsw
monitor would be placed near the switcher in such = position that the
person operating the switching system can chserve the plotures on the
ecsmers controls also, Therefore, any ploture can bo proeviewed before
it is switched to the transmitter input,

The pulse distridution snd video sigonl path diagrams show only
one possible way of intercennscting the principal units of equipment
ased at the studie, comtrel resm, and prejection rooms. A very simple
syztem has been shown in erder to get a gensral picture of this part of
station squigment layout., Prebably ne twe television stations would use
the sane equipment layout since the layout must meet the requiremenis
prosanted by a station's size, tuilding arrangesent, studio and trans-
mittor location, ste. The units discussed are genarally designed to
handle standard pulse and video signals of smplitudea ranging from about
1 to 4 volts peak-to-peak, thus making it pesnible to intercommsct the
wvarious unite into almost any desxired combinationm,

Telavision Nelay Equipaent

A television statien iz frequently oanlled upen %o telovise & program,
guch as & sports event, whieh originated at a location outside of the
main stodics, Im such csses the picturs and sound signals must be pont
%o the station locetion for tranmsmission, The sound sigrals may be sent
to the station by means of telephoms lines which are roadily avallable
in most cases. Howsver, ordimary telephone company cireults are not
suitable for the transmisaion of the picture aigmal becauss af the high
frequency components contained in the picture signal, Coaxial cadles
are required te bandle the piciure signal and such cables nre genarally
nat available from telepbene ceapaniss sxcept the netwerk coaxial cables,
and in soms cases, & short, pormasent link batwesn ihe program pickup
point and the statien., In erder %o provide a means for relaying the
picturs aignal to the station locatiom, TV atations are equipped with
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a relay transmitter and receiver cperating at very high frequencies.

A relay system is illustrated in Figure 27 and includes a trans-
mitter control unit, a relay transmitter and antenna, and a relay receiver
with antenns and control unit, The FCC has allotted three frequency
bands’ for the operation of such equipment, namely, 13,000 mc, 7000 mec,
and 2000 mc, Commercial equipment is available at the present time for
the 7000 mc¢ and 2000 mc bands, the former band probably being the more
commonly used,

Frequency modulation is used and the transmission range is limited
to approximately the line of sight between the transmitter and receiver,
The antenna systems consist of parabolic reflectors and are highly
directional so as to concentrate the transmission and pickup of the
signal to an effective beam along the line of sight., Because of the
highly directional antennas used, a transmitter operating with an actuml
output of & fraction of a watt can produce a signal at the receiving
point equivalent to thet produced by a transmitter having an output of
several hundred watts using a non-directional antenna, The antenna
system for the transmitter consists of a wave guide which serves to
convey the r-f signal from the transmitter output to a' point in front
of tho reflector (the focal point of the reflector).

The receiving antenna is usually identical to the transmitting
antennn, R-F onergy striking the reflector is reflected into the end
of the wave guide which carriss the signal to the input of the receiver,
The reflectors are generally four feet or greater in diameter and are
bolted directly to the transmitter or receiver housing.

Because the relay transmitter or receiver is generally mounted
on & high point such as the top of a building or on the station antenna
tower & control is used in conjunction with the transmitter and receiver
g0 that electrical adjustments may be made at a remote point, For
example, the relay receiver is frequently mounted on the antenna tower at
the station transmitter location several hundred feet above the ground,
The receiver control is then rack mounted as part of the auxiliary equip-
ment in the transmitter room or in the station control room and normal
ad justments are easily made,

The transmitter and receiver are mounted so that they can be rotated
and tilted to obtain maximum signal transfer. In some installations, an
electrical rotating and tilting mechanism is provided so that the unit
can be remotely adjusted for proper direction and elevation from the
station control room,

The video signal fed to the remote transmitter control is taken
from the output of a unit such as the field switching system, or from
a camera control if a single camera is used at the pickup point. 1In
order to check the quality of the remote transmitter output, a sample
of the r-f signal is taken at the input to the waveguide, detected, and
amplified to produce a signal for a monitor,

The signel output from the receiver control is the composite video
signal and is fed to the switching circuits at the control room or trans-
mitter room. As an example, the signal could be fed to one of the auxi-
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liary inputs on the studio switching system,

Several applications of relay equipment are illustrated in Figure
28, In Figure 28(A), the normal application of remote equipment is
illustrated., In this case, the remote equipment is used to transmit
the video signal from the remote pickup point to the TV station for
rebroadcast, Figure 28(B) illustrates the manner in which the remote
equipment may be used as a link between the station studios and the main
TV transmitter if they are located in different buildings. In Figure
28(C), relay units are used as repeater stations by connecting the output
of a relay receiver to the input of a second relay transmitter, Such
an arrangement must be employed if line of sight transmission is not
poseible between the remote pickup point and the TV station,

Field Pickup Equipment

A three-camera-chain field pickup system is illustrated in Figure
29 showing pulse distribution from the sync generator to units in the
system and the path of the picture signal from cameras to relay trans-
mitter, It will be noted that the pulse and signal distribution is
nearly the same as for the studio and control room system,

The blanking signal is added to the picture signal in the camera
control and the composite sync is added in the field switcher. The
signal output of the switcher, then, is & composite video signal and is
fed to the relay tranasmitter through the relay transmitter control.
(The video signal shown going from the relay transmitter back to the
switcher is the video signal as it is obtained from the output of the
relay transmitter for monitoring purposes.)

An ordinary TV receiver is often used to monitor the signal from
the station transmitter., This provides the remote operations crew with
a visual cue from the main station when they are to go on the air.
Telephone circuits are also used between the remoie point and the station
by operations personnel to provide communications which are necessary
for successful operation and coordination betwoen station and remote
craws,

Yideo Transmitters

Video transmitters are very similar in principle to ordinary broad-
cast transmitters, that is, they require an oscillator and amplifiers
to develop the carrier frequency, a modulator and power amplifiers to
develop enough modulated r-f energy for satisfactory transmission, and
of course the power supplies and controls for the equipment, Since the
Associate has studied transmitters earlier in this training program, it
will be necessary only to consider the main differences betwsen video
transmitters and conventional broadcast transmitters.

The block diagram of a typical video transmitter is shown in Figure
30, This transmitter consists of three basic sections; the carrier
frequency generator, video amplifiers (these correspond to the speech
amplifiers in a standard broadcast transmitter), and r-f power amplifiers,
the first of which is the modulated amplifier,
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Carrlar Frequancy Sanerster

The carrier frequency gensrator imcorporstes a erystal centrolled
oscillator which operstes st a frequency of less than 10 me, The oscilla-
tor s operated at such n low fregquency because crystals are not avail-
able for setisfactory operaticon at higher frequemcies, The carrier fre-
quency of the trassmitter must be within 0,002 of the assigned fre-
quancy, consegquently, sufficient freguency atadility can de obtainmed
enly by means of a crystel comtrolled oscillater. Im order to produce
the desired carrier frequency, the secillater frequenmcy i» multiplied by
means of frequency doublers and triplers, In the transmitter of Figure
30, the oscillator plate circult serves as & doubler and in followed by
two doudler stages, If the tracamitter is te De eperated in the low
talavision dand, the oscillater frequemcy is thus sultiplied eight tizes,
For sxample, 4if channal § Ls to be used, the carrier frequency sust be
77.25 ms and the ssciliator frequency will be one-eighth of this or
9656.29 ke, The osutput of the last doubler drives an r-f asplifier
which in turn supplies the r~f signal for the modulated saplifier, For
eparation in the high television band, the last doubler is followed by
a tripler giving & teotal multiplication of the oscillater frequency ef
twenty-four times so that the oscillater frequensy cam be kept bolow
10 mo., In this case an sdditional stage of r-f anplification is alse
sdded following the tripler to produce the required pewer cutput since
the tripler is comparatively inefficient at the high frequencies,

The cireultn of the earrier freguency generator ars conventional.
The fraquency sultipliers and r-f amplifiers are gonerally operated claass
C. The Iatter stages of the carrier genorator, where the frequemcy Lin
Bigh, esploy tuned lines as tank circuits rather than the inductance and
capacity components used at lowsr frequencies, (The prisciples of tuned
lines as tank circults was dlscussed in Assignment 62, Ultra-High Fro-
quency Technigues),

Video Mplifiare

The video amplifiers in the transmitter must amplify the compesite
video signal to the amplituds required to properly medulsate the trans-
mitter, Theae smplifiers are convemtional ¢ tod amplifiers pro-
viding the necessory bandwidth for the handling of the video nignal,

The input sigsal for the video smplifiers 12 obtained from a sta-
bilizing seplifier such as the ome shown sarlier In this assignment in
connaction with the studio and comtrol room equipmenmt, The amplitude
of the video sigmal st the input will be about 1 to 2 velta peak-to-peak
and this must be increased %0 an amplitude as high as 150 volts in some
cases to modulate the transalitier,

A d-c restorer 1o used in the grid circuit of the last video amp-
1ifier stage to relnsert the d-c component of the sigrsl, and the plate
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cirenit of the last video stags is directly coupled to the grid cireult
of the modulated r-f amplifier to aveid loaing the d-¢ componont again,
The simplified cireull of Figure 31 {llustrates the final video stage
and the mothod of coupling to the grid eirouit of the modulated ampli-
fisr, (Compsre this eireuit with the circuits used for grid modulation
as shown in Asaignment 53),

The waveforas marked (A) in FPigure 31 represent a scens with »
high average brightness and the waveforms labeled (B) represent a scenme
with lew average brightness, When ihe signal sppears at the grid clreuit
of the vides amplifier 1t will be noted that the blanking pulses, which
represent the same pleturs information (black), do mot reach the same
voltage lavel. The d-o restorer corrects this, and the blanking pulse
lovels in the plate sircult of the video asplifier are the sams for the
two scens brightmesses, a condition which ls necossary in ordar to pro=-
porly modulate ths transmittoer scoording te the presest talevision stand-
ards, (This i alse trus of the sync pulse levels).

Modulation and the Medulated Asplitinr

Although smplitude medulation is used in the video tranamltter, it
differs in suse respocts frem the convemtiomal amplitude zodulation which
bas Deen descrided in preceding asaigmments, In Figure 32 the amplitude
modulation as szployed by & standard broadcast station is 1llustrated,
Im this figure it will be noted that the saplitude of the cutput sigmal
varies te both greater and lesser values than the ummodulated amplitude
of the earrier whan that modulation taken place.

Now compare this with the amplitude modulation systea employed in
television transmission as §ilustrated inm Figurs 53, Notice that in
this sase the oarrisr ssplitude s greatest for the ummodulated conditien
and that the carrler is only reduced when sodulated., In ether wards,
the smplitude of the carrier is greatest for the unnmodulated condition.
Teo clearly illustrate this condition let us consider the offect produced
under two conditisns, Waveform (B) of Figure 33 i{llustrates the com-
posite videc signal whes only the sync pulses are being tramsnitted,
It will be recalied that this reprassnts & cenditien for a black plcture,
Waveform (D) illustrates the modulated carrier in this cass and §t can
bo sesm that the earrier amplitude reaches the unmodulated level during
ssch syne pulse, During the time that the blsek picture information
in beinmg pressnied, the amplitude of the carrier i» reduced to 755 of
the maxinus walue,

Wavefors (C) illustrates the compesite video aigmal (modulating
signal) which would be present if a white ploture was being scamned,
Once sgain the onrrier soplitide reaches the unmedulated level only durisg
the syne pulses, During the blanking pulses the axplitade of the carrier
1a 791 of its maximum welue and durisg the imterwal betwesn the blanking
pulses (when the white pleturs informatien is deing transmitted), the
carrier is reduced to & very low value as illustrsted by waveform (%).
In scoordssce with the FOO standards, the earrisr should be reduced to
15¢ or less of the peak amplitude during modulation by white ploture
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information,

It should be noted that the amplitude of the r-f signal is the same
for the sync or blanking pulses regardless of the picture brightness.
Also, as the amplitude of the r-f signal increases (an increase in trans-
mitted power), the brightness produced by the beam on the picture tube of
a TV receiver decresses. Transmission of a video signal according to
these standards is known as "negative transmission.® In order to modu-
late the transmitter so that the standard r-f signal will be developed,
the d-c component of the signal must be present and the signal must have
the correct polarity at the input to the modulated amplifier.

At this point the Associate should review the principles and wave-
forms of grid modulation as described in Assignment 53, It will be
noticed that the modulating signal is applied to the grid circuit of the
modulated amplifier in such a manner that it effectively cauges the bias
on the modulated amplifier to vary according to the modulating signal
waveform, At the same time a constant amplitude r-f carrier voltage is
coupled into ths grid circuit and the result of the two voltages acting
on the grid is to produce current pulses in the plate circuit of the
tube, the amplitude of which vary according to the modulating signal.
It should be noted that the modulating signal cen cause the bias to vary
to more or less than the value when no modulation is applied,

Now consider grid modulation when a standard TV r-f signal is to
be developed, PFigures 34(A), (B), and (C) illustrate the grid voltage
and plate current varistions of the modulated amplifier. Figure 34(A)
shows the condition when no modulation is present, Assuming the amplifier
is operated class B, it will be biased near cutoff, The amplitude of the
r-f carrier voltage is adjusted so that the grid swings to the maximum
permissible amplitude in the positive direction. o plate current

Ises will then have the maximum amplitude and the transmitter will
consequently be delivering maximum output power. (In the conventional
system the r-f grid voltage smplitude 1s ?%]ua ed to produce plate current
pu%oe. one-half the maximum amplitude, See Figure 21(A) of Assignment
53).

The cemposite video signal iz applied, as illustrated in Figure 31,
in such a manner that the tips of the synchroniging pulses are clamped
at the operating biss point of the tube and the picture signal causes
the instanteneous bias to become more negative, This is illustrated
for a white picture signal in Figure 34(B). Notice that with this
errangement the meximum allowable grid swing in the positive direction
occurs only during the synchronizing pulses, and during the remaining
portions of the signal the instantaneous grid bias is more negative
thereby reducing the plate current pulses in the modulated amplifier.
When the blanking pedestal is being transmitted, the plate current pulses
are 75L of their maximum amplitude (when the sync pulse is being trans-
mittod), and during the white picture information the plate current pulses
are reduced to s very low value (less than 151 of the maximum value).

Figure 34(C) represents the modulation conditions when the modu-
lating signal contains black picture information, Once again it can be
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seen that the syschroaiasing pulses preduce an output sigsal which is
wum-mxammoormmumawmmr—m
portion of the signal (the blanking ge interval amd the black infor-
mation which is at the same level as blanking pulss) the plate current
pulses reprosent 791 of the maximum cutput. If these figures are szam-
ined carefully it can be soan that %o secure this type of modulation, the
modulating sigaal must be clsmped at the syschronising lovel, That is,
rogardless of the avernge brightness of the scens, the grid of the medu-
Inted saplifier must mever reach an instantanscus valus less negative
than it dees when mo modulation is present,

Modulation is this manner is made posaible by the sction of the d-e
restorer ia the grid circuit of the final video mmplifisr (see Pigure 31),
The d-¢ restorer causes the grid of the videe sxplifier to reach the
same voltage each time & symc pulse appears im the signal, This will of
course cause the same value of plate curreamt to flow threugh the videe
amplifior tubs and its load resaistor A for sach sync puloe and the sase
voliage value will be daveloped scross the load R, The modulated anp-
1ifier may them do considered as operating with a bias voltage which i»
the sum of the source voltage and the drop scross R during the presence
of the sync pulses in the modulating sigmal, Direct coupling must be
Used botwesn the final video amplifier plate cireuit and the grid of the
modulated amplifier in order to retain the d-¢ componant, In order to
prevent the plate supply voltage of the amplifier tube frem sppearing in
the cathode-to-grid circuit of the modulated amplifier & separate supply
i used for the last video amplifier with the poslitive side grounded,
The cathode of the video smplifier tube will them be at a negative poten~
tial with respect to ground by the ssoumt of the piate supply veltage,

The modulated amplifier is generally of the push-pull type and
develops n peak power sutput of seversl hundred watis. The anplifler
must be of the broadband type 10 sccomodate the sideband froquencies
produced in modulation, A typical bandwidth fer this amplifier is T me.
Suck dandwidth is obtained by resistance loading of the tuned cireuits
aod by overcoupling to the following stage, which is the same principle
As that used is sons television recelvers %o produce the desired band-
width,

BF Power Aspliflars

It has been polnted out in an sarller section of the training pro-
gras that an r-f powar amplifier which i3 to bandle s modulated signal
musi be cperated elther Class A or Class B in order to prevest distortien
of the signal, Since the Class 7 ssplifier is more efficient, it ia
ususlly ssployed in this application. Such anplifiers are also referred
16 as linsar smplifiers. The circult of such an asplifier would basically
be the seme as that of the modulated amplifier shown in Figure 31 except,
of sourse, the only applied signal is the modulated r-f sigmal. The
tuned-line tank eircuits are tused by means of a shorting bar which
changes the lemgth of the tuned-lime and its resenant frequency. Theee
eaplifiers must alse be of the broad band type so an to provide am over-
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all bandwidth of 4 or 5 megacycles,

It will be recalled that, under the present television transmission
standard, the upper sidebands and only & portion of the lower sidebands
are transmitted, Since both sidebands are produced during modulation
some method must be used to eliminate the unwanted portion of the lower
sideband, Figure 35 shows the transmission charateristic of an ideal
transmitter, the minimum transmission characteristic accepted by the
FCC, and the characteristics obtained from practical transmitters,

The output of the transmitter, for frequencies of 1.25 mc or more
below the carrier frequency, must be at least 20 db,below the maximum
output to meet the FCC specifications., This is to insure that the video
signal cutput of the transmitter will not interfere with the sound channel
of the next lower TV channel, At frequencies above the carrier the out-
put of the transmitter must not fall below the FCC specificatioms, It
will be noted that typical transmitters can provide greater than speci-
fied output at frequencies above 2 mc. The transmitter output must also
be reduced sufficiently at frequencies above 4 mc so that the video sig-
nal output will not interfere with the sound carrier of the*station.
The sound carrier has a center frequency 4.5 mec above the video carrier
frequency.

With the required transmission characteristic in mind it is now
possible to consider how this is obtained with the transmitter under
discussion, Lower sideband elimination is obtained by tuning the linear
amplifiers so that the video carrier frequency falls near the low-fre-
quency side of the smplifier pass-band., Examination of Figure 36 will
show this principle of sideband elimination, The solid-line curve shows
the response that can be obtained from a signal r-f amplifier designed
for broadband operation, If an additional r-f emplifier is added, the
overall response of the two atages would be similar to that shown for
2 stages in Figure 36, The effect of additional stages on the over-all
response characteristic is to steepen itz sides., Then by tuning these
amplifiers so that the video carrier frequency falls near the low-freq-
uency side of the band-pass, the low-frequency sidebands will be atten-
uated by the amplifier tuned circuit but the upper sidebands will be
passed, Thus, in & low-level modulated transmitter the desired output
characteristic can be obtained by the proper tuning and broadbanding
of the r-f amplifiers which pass the modulated signal,

Antenna Equipment
Diplexer

The diplexer is a unit which permits the video transmitter and the
sound transmitter to operate into the same antenna by isolating the two
transmitter outputs from one another but yet allows the output from both
transmitters to reach the antenna, A diplexer is shown schematically
in Figure 37, Inductive elements make up two arms of a bridge circuit
and the antenna radiators form the other two arms of the bridge. The
transmitters feed power to opposite terminals of the bridge circuit,
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When balanced, the bridge cirsuit effectively isolates the two trans-
mitter cutpats becsuse according to balanced-bridge theory a diffarence
of potential betwesn one set of bridge terminals cannot cause s differ-
once betwsan the other set of terminals,

Fhysically, the diplexer unit is made up of sections of coaxial
transmission line which, becsuse of their length, will appear as inductive
slements at the fregquenciss for s particular TV Channel and will permit
the connaction of the antenns radiators and transmi tter cutput to the
unit by means of ceaxial lines,

Transnitting Aatenns

Yhere are several types of TV transsitting antennas but the one
most commonly used at present 1s the “super turnstile.® This antenns
1s 11lustrsted in the two views of Figare 38, Bach section of the antenna
conaints of four radiators arranged at 90° angles about the m”w\hg
snst. Poirs of rediators sre often referred to as the E-N (sast-west
and §-8 (north-south) rdisters. Nach radistor is made of metal in the
form of an open framework, The open comsirustion reduces wind resistance
and pernits less rugged mounting., The redistors are mounted directly
on the supporting mast which i» grounded,

The %-5 and B-W radistors of each section are fed 90° out of phase
which produced s radiation patters which 1s ssaentially cireular, The
N-5 radistors of each section nre fed from ome output torminal on the
diplexar and the E-W radistors of each section are fod frem the second
output terminal of the diplexer. This is 11lustrated in Figure 39, All
transmission 1ines used are of the coarxial made of copper tubing,
The 90° phase dlsplacement necessary for feeding ihe radintors in ob-
tained by making the trasgmission lines feeding ene set of radintors in
snch section s quarter-wavelength longer than the lines feeding the
soctions which are mounted at right angles.

The musber of sectiems used detersines the gain of the antenna
systom, An offective gain in transsitted power is obtaimed from such
an antonns system becauss the radisted smergy is concentrated along the
surface of the sarth by the antanns system and 1little energy is lost te
sky redistion, (Resesber that st the high frequencise used in telovision,
skymard radintion is mot returned to the sarth from the fenosphare,) Twe
or more sections, or bays, ars used with super turnstile installations,
A thres section antanna cperated in the low TV channels will Bave & powsr
gnin of sbeut 4, For the high TV band, 6 or more sections are generslly
M-lﬁ:nﬂt&nﬂaot?h.,m-mmm.m.
1f the peak pewsr reaching the satenma from the transsdtter ia 500 watts
and the sntenns bas & galn of 7, the affective peak power radisted will
be 3500 wntts, The WHAS-TV antensa imstsllation, illustrated in Figure 9%
has 12 bays or sections on the vertical element at the top of the tower
slthough thess beys are nct discernsbls in the photograph dus to the
height (600 feet).
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Auxillary Equipment

Powsr supplies are obviously part of the equipment required in
conjunction with the transmitter and associated equipment. D-C voltages
ranging up to 5000 volts must be furnished for the transmitter. The
power consumption of a typicsl 5000 watt video and 2500 watt sound trans-
mitter will be over 30,000 watts.

Many of the tubes in a TV transmitter are water cooled as in stand-
ard broadcast transmitters. Water cooling equipment is often located
in a room adjacent to the transmitter room.

The video and sound transmitter are both controlled from a trans-
mitter control console placed in front of the transmitters where the
operstor has full view of the transmitters. The control console will
contain the switches for controlling the power supplies for the trans-
mittera. Meters are provided for checking the sound level to the sound
transmitter. A video monitor and oscilloscope are used for monitoring
the video transmitter. By means of a selector switch the video monitor
can be connected to varioue points in the transmitter such as the input
to the video transmitter, the input to the modulated amplifier, the
transmission line between the transmitter and the diplexer. When the
video signal is to be monitored at the output of the transmitter the
signal must, of course, be demcdulated before it is fed to the monitor.

Othor equipment, which may be part of the control console or may
be placed on equipment racks in the transmitter room, are modulstion
percentage indioators and frequency meters for both transmitters.

High-Level Modulated Yideo Transmitters

Video transmitters using high-level modulation sre also in wide
use by TV stations. A simplified block diagram of such a transmitter
is shown in Figure 40. The advantage of such a transmitter is that
linear r-f power amplifiers are not required, which simplifies tuning
of the r-f stages. At the same time, however, greater output must be
obtained from the video amplifiers for a given transmitter power rating
than from the video mmplifiers of a low-level modulated transmitter.
Hence, it becomes difficult to say that one type of modulation system
is better, when all things are taken into consideration.

The r-f carrier generator of this transmitter is similar to that
used in the transmitter previously discussed. The power output of the
last stage in the carrier generator must develop more power to drive
the modulated r-f amplifier since the modulated amplifier is the last
stage in this type of transmitter. For a typical 5000 watt video trans-
mitter the output of the carrier generator is about 400‘watts,

The video amplifiers must accept & signal level of the standard
1 to 2.5 volts peak-to-peak, and smplify this to more than 600 volts in
order to grid modulate a 5000 watt transmitter. A d-c restorer must be
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used in the grid cireult of the last video stage as previcusly sxplained.

The modulsted smplifier is grid modulated scoording to the anme
principles used in the low-lovel modulated transmitter. The asplifier
18 tuned 20 that the video carrier trequoncy falls mear the low frequency
snd of the smplifier bandpass se ibat the lowsr videbands developed
during modulstion will be partially sttenuated. One of the methods used
to tune the modulated smplifier is to use & “tume™ orystsl which is cut
for & frequency which, when multiplied by the stages of the carrier gene-
rator, will produce the comter frequescy for the modulsted saplifier band-
pass. After the modulated waplifier bas been tumed, the “operate* ery-
stal i3 switched in and the carrier frequency gemerstor Stages aAre re-
tuned to produce the proper videe varrier frequency; however, the smodu-
1ated saplifier is not retuned, and s reduction in the cutput of the
Jowar sideband in obtalned.

Sideband Fllter

A unit which is required in conjunction with s high-level modulated
wansmitier is the sideband filter. Sufficiest sttesuation of the lower
sideband frequencies iz not ebiained in the modulsted asplifier; hence,
further atterustion must be provided. The prinsciples of the sideband
filter are illustrated in block form in Figure 41, The filter may be
considered as being made w of two filter sections; » high-pass filter
which pssses the desired sideband frequoncies to the diplexer and antenns
system, and & low-pass filter which passes only the undesired sideband
freguenciss. The load for the low-pass filter is s wnter-cooled resistor
which disaipates the emergy left at the lower sideband frequencies in
the ocutput of the trensmitter. The transmission characteristic of »
high-level modulsted transmitter ia that obtained st the ouwitput of the
sideband filter and must conform to the FOO standards.

Sections of coaxial transmissien lines ere used in the construction
of & sideband filter to fors the L and O cospoments that sake up & filter.
At the high frequencies used for TV transmission, sections of transmission
line make mors practical L and C compenents than conventional colls and
condensars.

Sumnary

This discussion of television station squipment has revealed that
many different pieces of oquipment are used evenm in & simple station
installstion, which offers mederste flexibility for bandling of the pio-
ture sigral. A more detalled discussion of the eircuits used in this
squipsent would further reveal that the theery of the mjority of the coir-
cults would be bdaned on circuits with which the Asseciate 1s alresdy
familisr. Station equipment is merely another spplication of the funda-
pentsl electronic compoments, vecuum tubes, resistors, coils, and capac-
itors. The Asseciate will find that s good background of fundamental
theory sand cirewits will emsble him to quickly learn the circuit theery of
station equipmnt if necessary. FPrectical experience in the operstion snd
servicing of say slectromic equipment would also provide an invaluable
background for ths operstion, saintenance, or servicing of telwvision
station equipment.
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Test Questions

Be sure to number your Answer Sheet Assignment 99.

Place your Name snd Associate Number on every Answer Sheet.

Send in your answers for this assignment immediately after you finish
them. This will give you the greatest possible benefit from our personsl

rading service.

1.

3.

4.

5.

6.
7.
8.
9.

10.

Why is the composite sync signal normally added to the video signal
after the switcher?

Why is it that the pick-up tube used in the film cameras is normally
an iconoscope when this tube is rarely used as = pick-up device in
modern studio cameras?

What is the purpose of & stabilizing smplifier?

Why are many of the camera adjustments made accessible at the camera
control unit in sddition to being available at the camera itself?

Explain two fundamental differences between a normal movie projector
and the film projector used in & television station.

What frequencies are used for the television relay transmitters!?
Explain briefly the modulation system employed in a video transmitter.
Explain the purpose of = diplexer.

What are tally lights and why are they used!

Two types of monitors asre used very widely in television broadcast
stations. What are these two monitors and what are their uses?
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