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Preface

NyEE

Since this book was first written the videocassette scene has
undergone two major changes. The first change has been the
upgrading of the original U-matics to the quality of a broadcast
machine, where they are now used extensively for news inserts,
commercials, promos, and other short pieces. This was brought
about by CBS News, who took the Sony V0-2850 machines to
Moscow to cover President Nixon's visit. Their performance
proved beyond doubt that they could produce pictures good enough
for broadcasting. Shortly after this the first broadcast U-matics
appeared.

The second change has been in the other direction. Starting
with the Betamax, several excellent small machines have appeared
which are inexpensive enough and reliable enough to have become
aviable consumer item.

Consequently, this second edition is slightly different from
the first. It covers briefly the broadcast U-matics, but does not go
into detail about these, as these tend to be used by professionals
and all the information necessary on their use and servicing is
available from the manufacturers.

However, there is a real need for information about the
consumer level machines. These will be serviced in local centers
and TV service stations where the TV service man will have had
little or no opportunity to work with VTR’s. Hence, much of this
second edition is concerned with the newer consumer models and
the accessories made available for them.

Harry Kybett
5







1
Introduction

to Videocassettes .

The videocassette machine has been designed to be used by
nontechnical persons in everyday situations. It requires no special
training or knowledge of video or television on the part of the user,
and is ideal for use in a variety of educational, entertainment and
information exhange situations.

It was approached by the designers primarily as a playback
device for the nontechnical user; and this simple fact makes it
different from every other videotape machine, all of which were
designed and built as recording machines to be used by an engineer
ina TV studio.

The simplest use of the videocassette machine is playing back
aprerecorded tape. It is easier to do than drive a car, learn to type,
or use a small calculator; it has even been compared to placing a
coin in a slot or mailing a letter. This ease of operation has been
responsible for removing a psychological barrier to using high-
level technology, and it has caused the wide and ever expanding
proliferation of these machines.

They are ideal for the nontechnical person and are now found
in places such as homes, schools, advertising agencies, banks,
sales offices, and hospitals. These are all spots where information
exchange, entertainment, or education are vital, but where other
video techniques have not been fully adopted due to the technical
difficulties of using television. One demonstration of the videocas-
sette machine in these areas has usually been enough to overcome
or remove the objections of any skeptic.

A videocassette machine is basically a helical video tape
recorder (VTR).

A helical VTR is a tape machine in which the tape is wrapped
around a head drum of large diameter, and in travelling around the
drum the tape path is in the form of a helix, or a single turn of a
spring. This is shown in Fig. 1-1. The tape leaves the drum at a
level different from that at which it joined the drum, and it can be
wrapped halfway or completely around the drum,

It differs from other helicals in its specialized mechanical
construction, its appearance, and its mode of operation. The major
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differences are that the tape is completely enclosed in a plastic
container which is simply inserted into the machine, and that the
tape threading is automatically performed by the machine instead
of by the operator.

The general appearance is a neat box with a few indicator
lights and controls on the front panel which are kept to a minimum,
and are as unobstrusive and pleasing to the eye as possible. There
are no unsightly plugs or cables in view (these are hidden at the
rear), and the tape reels, head drum, and the other familiar
mechanical items of the open reel machines are inside and are not
exposedto view during normal operation. They all look like a piece
of attractive furniture in the same way a phonograph or TV set
does, and none looks like an item of professional TV equipment or
military surplus gear. These machines can be placed side by side
with anything found in a living room or expensive office, and not
look at all out of place.

THE BASIC OPERATIONAL ASPECTS

The most important requirement the manufacturers and
designers set out to meet was that of extreme operational
simplicity. The actual operational controls and facilities vary
slightly from model to model, but all have been made so simple to
operate that a young child can easily insert a tape and see the
picture.

The simplest mode of operation is that of viewing a pre-
recorded tape on a domestic color receiver. Only two connections
are required: the power connection to the wall and the cable from
the machine to the antenna terminals of the TV set. The set is then
turned to the correct channel and possibly fine tuned. The cassette
is pushed into an opening in the front of the machine, and the play
button is pressed. The machine then automatically threads the
tape, and nofurther operations are required from the user.

A large number of tapes are now available in cassettes and
cartridges in the form of prerecorded lessons, programs, and other
material supplied from parent organizations and commercial
sources. Thus this simplist of playback modes is one of the most
important uses of these machines and in many places it covers the
full extent of use. Other playback modes are possible, as are
several recording modes, and these are covered in greater detail in
later chapters, but in all these cases this extreme operational
simplicity has been maintained.

At this point it should be understood that operational simplic-
ity and neat appearance completely mask the internal design and
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construction, which must be placed among the most complicated
mechanical devices and sophisticated pieces of electronics ever
presented to the public. They have a mechanical precision and
construction far above anything else widely available—even a
Swiss watch—and they have a complexity of moving parts which is
quite astounding. Although the operation of these machines has
been reduced to the lowest level, the care and maintenance has not
undergone such a radical transformation. In spite of this, a
reliability of over 99% has been reported by the U.S. Army, which
is one of the largest users.

BASIC CONSTRUCTION AND TAPE PATH

At this time it is useful to include a short description of the
tape path and the transport system in the PLAYBACK and
RECORD modes. A full description of the individual systems is
givenin later chapters.

HEAD DRUM
CONTAINING
ROTATING VIDEO
HEADS

TAPE DIRECTION
—

TAPE GUIDE
PLANE OF
ROTATING
VIDEO HEADS
TAPE
A 1B
_______ —_—
; é TAPE LEAVES
TAPE IN SLANTED DRUM AT LOWER
PATH ARCUND HEAD LEVEL THANIT
DRUM ENTERED
B
& IVIDEO TRACK
ACROSS TAPE

Fig. 1-1. Tape path onahelical VTR.




When the PLAY button is pressed the tape is pulled out of the
cassette and automatically threaded around its path. This is shown
in simplified form for the U-matic in Fig. 1-2. The other machines
are similar in principle. When the tape is fully run out the pressure
roller closes against the capstan and the tape is played. The take-up
spool is puck and belt driven by the same main motor, and back
tension is provided by a friction clutch in the feed spool. The tape
guides keep the tape correctly aligned at all points.

When the stop button is used, the pressure roller releases
and the tape is unthreaded by a process which is the reverse of the
threading. The feed spool is braked, and the tape is pulled into the
cassette by the rotation of the take-up spool. Once it is fully
retracted, an automatic mechanical action causes it to be rewound
for a few seconds back onto the feed spool. It then stops, the main
motor is depowered, and the heads stop turning.

If the end of the tape is reached in the playback mode, a plastic
leader on the end of the tape allows light from a small lamp to fall
onto a phototransistor which automatically stops the machine,
retracts the tape, and initiates a complete rewind.

Fast forward and rewind of the tape are conducted with the
tape inside the cassette, and it is never run out for these purposes.

This whole process of tape threading and transport can be
seen by removing the top cover of the machine and observing the
internal mechanism. Doing this will make the operation of these
machines clear to the newcomer. However, nothing inside the
machine should be touched or interfered with in any way.

TYPES OF MACHINES

In the past about 20 manufacturers introduced several dif-
ferent videocassette machines, but gradually the 3 following types
began to dominate, while the others were phased out.

Umatics

This is the most widely used format in the United States for
professional uses; such as broadcasting, industry and education.
The main manufacturers are Sony, Panasonic, JVC and Shibaden.
Other companies have marketed these manufacturers products
with their own name tag.

Betamax

One of the two most widely used consumer cassette systems,
it is made in 1 hour and 2 hour versions. Some machines are single
speed only while others are dual speed. Basically it is a Sony
format but it is also available from Sanyo, NEC and Zenith.
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VHS
This is the other widely used consumer format, which is made
in 2 hour and 4 hour versions. The two main manufacturers are JVC
and Panasonic, but it is also available from RCA and Magnavox.
Other systems have been introduced but have not become
widely used in the United States, and are not covered in this book.
These are:

Philips

This is the most widely used European system, especially in
the consumer field, where it is manufacturered by several
companies in several countries (including the USSR). It has found
only limiteduse in the US.

EIA)

This uses a ¥z inch tape in a one reel cassette or cartridge, and
conforms to the EIAJ open reel standards. It is manufacturered by
Panasonic.

Sanyo V-Cord
Thisis an early system discarded infavor of the Betamax.

Quasar

This is an early system marketed by Magnavox until discarded
infavor of the VHS.

Several other systems appeared but never became widely
used. Examples are Cartrivision, IVC, Ampex Instavision, various
TCS Selectavisions, and the 8 mm film EVR system.

The Kodak Super 8 flying spot scanner is an 8mm film system
which permits home movies to be played over an ordinary TV set.

Four basic models are offered by the manufacturers at this
time: the playback only deck, the video record deck, the TV record
deck, and the portable deck.

The Playback Only Deck

This is the simplest and most basic of the machines and is
capable of playback only. Itis ideal for use in schools, sales offices,
and other places where the prime requirement is the playback of
tapes supplied from some parent organization or central source and
recording is not likely to be undertaken. These machines are
smaller, lighter, and less expensive than the recording machines
and afford protection to valuable tapes by their inability to erase or
record over the programs (Fig. 1-3).
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Fig. 1-2. Tape threading on a Umatic.

The Video Record Deck

This is similar in many respects to the normal open reel
machines. It can record from the usual video sources and can play
back in the same manner as the above decks. These machines are
ideal for small industrial or educational uses where a fairly simple
video systemis in use and off air programs do not form a major part
of the required material (Fig. 1-4).

The TV Record Deck

The main characteristic of this machine is the TV tuner. This
is anormal TV tuner as found in a domestic TV set, and it is usually
mounted on the right-hand side of the machine. It was included so
the machine would be accepted in the home (Fig. 1-5). An antenna
is connected to the rear terminals of the machine, and TV programs
can be received just as with a normal TV set. These programs can
now be recorded directly onto the tape and viewed by either a
monitor or a TV set which is plugged into the machine. These
machines also will record from standard video sources and play
back in the same manner as the machines listed above.

The record machines are easily distinguished from the
playback decks because they are longer, due to the inclusion of the
record circuits and the tuner at the right-hand side.

Both the record machines have a continual electronics-to-
electronics signal (E-E) and radio frequency (RF) output at all
times, so the program can be viewed both prior to and during
recording. Several audio modes of recording are possible: two
audio tracks are provided which can be recorded upon, either
separately or simultaneously, and postproduction dubbing is
possible onto one of the tracks. Separate playback of the tracks is
possible, giving the capability of stereo music or dual language
commentary.

The Portable Deck
Several types of portables have been introduced with a
cassette-type format. One of these is a rather large mechanism
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Fig. 1-3. Playback deck (courtesy of Sony).

designed to use the U-matic type cassette, and another is a smaller
Betamax unit.

MASS DUPLICATION

The videocassettes were designed as a total system rather
than as another isolated helical VTR, and a major part of the overall
thinking was the provision of mass duplication facilities. This is
both crucial and necessary if the videocassette is to gain accep-
tance as a major information transfer and distribution medium. This
intention was recognized in the early phases of design and has
heavily influenced some of the decisions in the development.

The photograph in Fig. 1-6 shows a typical duplicating center.
The main playback VTR is a large helical with near broadcast
specifications, and the record machines are modified versions of
the standard decks. The whole system can be remotely controlled

I e ST

Fig. 1-4. Record deck (courtesy of Sony).
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Fig. 1-5. TV deck (courtesy of JVC).

to stop and start simultaneously, and, with the provision of quick
load and unload, many copies can be made in a short period.

A smaller level of duplication is possible with the standard
decks, as shown in Fig. 1-7.

CONCLUSION

All of the videocassette manufacturers have provided a user
oriented, foolproof, automatic threading videotape machine, with
most of the controls interlocked to prevent misoperation and
damage to both machine and tape. All have been devoted to the
principle that the operator should not handle the tape. All have
about the same facilities, and the ease of operation is best seen by
examining the photographs of the front sections, with the controls
clearly visible and marked with their exact functions. They all
exhibit a very stable mechanical system, and a high degree of
interchange of tapes is possible within each of the formats.

No monitor or a TV set is provided with these; in all cases this
must be obtained separately. But no other equipment is needed to
hook these items together and get a picture.

Most manufacturers provide a sturdy case, often with casters,
so the machine can be transported with ease and not be exposed to
damage. These cases contain padded sections for all the general
purpose accessories which may be needed, and they are ideal for
long distance shipping or use in rugged terrain.

The manufacturers are of the opinion that the basic design has
been finalized and that no major changes are expected in the future.
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Minor modifications and additions of facilities will naturally be
introduced, but these will be internal to the machines to effect
greater reliability and ease of tape handling and transport. These
changes will not alter the tracks on the tape, the type of tape or
cassette needed, or any of the other basics. There will be no major
format changes and, in short, they are a future-safe system open
only for improvements in manufacture and overall reliability.
Every manufacturer has accessories which will permit facilities
like still frame, remote control, automatic rewind, backspace, and
pause to be included in machines which were not originally built
with these capabilities.

The cassette will probably replace the open reel machines in
several areas, and will be introduced with success into many places
where the open reel could never gain a foothold. However, it is
doubtful that cassettes will ever be dominant in the production
studio, because basically they are post-production machines.

Three things permitted the development of the videocassette
from a device with no precedent to an almost overnight success.
First, the audiocassette had transformed the public attitude toward
tape recording: it no longer required preparation and technical
knowledge, and it was now something which was easy. This is a
profound psychological change which is not well understood, but it
did mean that the marketing of the videocassette was compara-
tively easy—user education to sell the idea was not necessary.

Fig. 1-6. Mass duplication center (courtesy of Phillips).
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Fig. 1-7. Small multiple copy center (courtesy of University of Michigan).

Second, the technology of the open reel the VIR had
progressed to the point where all the major development work has
been done, and thus all the major problems had been resolved one
way or another. Thus the cassette development work involved
more applications engineering and not the research of unknown
quantities and new principles. This shortened the work considera-
bly: the developers knew where they were going.

Third, the advances in electronics in the mid-1960s, espe-
cially in miniaturization and integrated circuits, had matured to the
level of producing reliable general purpose and special devices ona
commercial basis. Without these modern semiconductors, modern
small video technology would not exist.

The appearance and acceptance of the videocassette ranks
alongside the photocopying machine, the microcomputer, and the
data terminal as a new social communication tool and information
exchange medium, and like these other items its effects are likely
to be widespread and not fully understood for a long time.
Videocassettes can now be found everywhere. There is hardly a
major establishment with a use for video information which does
not have cassette as well as or instead of openreel VTRs.

In conclusion, perhaps the reason for their astonishing
success is that they represent an idea whose time has come—and
for once the technology and the financing of the research and
development were in step with public feeling at all levels.
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2
Simple
Cassette Playbacks D 5 O°

At this time it is expedient and useful to introduce the simplest
playback modes. This will help to gain familiarity with the
machines and to prepare the new user for the more complex modes
needed for maximum use.

There are two modes of playback with which all videocassette
machines are provided. The first is to play back a tape into an
ordinary TV set, and the second is to use a TV monitor and
loudspeaker amplifier. All the more complex playback modes are
the same as these two basic situations, only the equipment
connected to the videocassette machine changes. These two basics
are covered below, and the difference between them is explained.
Videocassette insertion and removal also are briefly covered.

PLAYBACKINTOA TV SET

All videocassette machines will play back into a domestic TV
set and produce a color picture, just as if it was a normal TV channel
inthe viewer’s area.

The first step is to ensure that the machine is plugged into the
wall power outlet. The power switch can now be depressed, and
the green indicator light should come on. If this does light up, then
itis safe to proceed. The TV set can be either pluggedinto the wall
outlet or into the auxiliary power outlet on the rear of the machine.,

The only other connection neededis between the TV antenna
terminals and the radio frequency (RF), or very high frequency
(VHF), output at the rear of the machine (Fig. 2-1).

This output uses an F fitting, which is quite different from all
the other sockets on the machine, so confusion is impossible. A
special RF cable should be used, type RG 59/U or a similar one,
and an F fitting should be attached to both ends. One end of the
cable attaches to the machine, and the other end should be
connected to a small antenna transformer similar to that in Fig. 2-2.

Both the cable and transformer are supplied with the vid-
eocassette machine. They can also be purchased at any electronics
or TV store. Connection to the TV antenna can be made without
this transformer but is not advised, for the reasons explained later.
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The complete correct connections are shown in Fig. 2-3. When
these connections have been made the TV set can be tuned to
either Channel 3 or 4 —whichever is not used in the area—and the
channel select switch on the rear of the videocassette machine is
switched to the same channel.

The cassette can now be inserted and the PLAY button
pressed. The user need do nothing else to get a picture on the
screen. The tape can be viewed and listened to just like a normal
TV program, and, if privacy is required, headphones can be
plugged into the machine and the TV sound turned down.

PLAYBACKINTO ATV MONITOR

To play back into a monitor the power connections must be
made as before, but now two other connections are needed: video
and audio. The video out of the machine must be connected to the
video in of the monitor. Again, an RG 59/U-type cable can be
used, but now either the PL 259 UHF plugs or the BNC-type plugs
must be used. For the audio, either the line out or the monitor
positions can be used, and these are connected to the input of the
audio amplifier or monitor. The audio amplifier may be built into
the TV monitor or may be separate, but the connections are the
same in each case. Figure 2-4 explains these situations more
clearly. The cassette is inserted and played back as above, and the
TV monitor and audio monitor are adjusted as needed.

TV Set and TV Monitor. A TV set has a tuner which enables
it to pick up programs transmitted by the local stations; usually it
does not have video and audio inputs and outputs. A TV monitor

Fig. 2-1. Rear of machine (courtesy of Sony).
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Fig. 2-2. Antenna transformer (courtesy of Sony) and drawing of antenna
transformer.

does not have a tuner, so it cannot pick up broadcast stations, but it
does have video inputs and sometimes video outputs. TV monitors
usually do not have an audio section built in, and so audio amplifiers
are in common use; videocassettes have been designed with the
ability to play back into both. Several manufacturers in the
industrial and educational fields have modified TV sets so that they
also can be used as monitors. They are provided with a video out
and an audio out so that off air recording is possible. These are
often called “jeeped” TV sets.

CASSETTEINSERTION

The insertion of a cassette into a machine is one of the easiest
things to accomplish, and all manufacturers have reduced this to a
level where it can be done by a small child. It is even easier than the
audiocassette.

To insert the cassette, the loading slot or carriage is raised by
operating the eject or insert lever. In some machines this is not
necessary: the cassette is simply pushed into an opening. The
cassette must be correctly oriented, and it is shaped so that it will
only enter the machine one way. When it is pushed fully in, the
loading slot drops to the threading position, and then it is safe to
use the function buttons. The tape will automatically thread when
the play or forward button is pressed.
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Prior to insertion it is first necessary to check that the tape has
been fully rewound onto the feed spool. This is easy. The cassette
is turned upside down, and the center section behind the protective
flap is examined to see if the clear plastic leader is visible. If tape is
seen, then a rewind is indicated. This is shown in Fig. 2-5. If the
tape is to be used for a playback, the small red safety cap on the
underside of the cassette should be removed. This disables the
record functions and prevents inadvertent program destruction.

With the one-reel cartridges the tape is always fully rewound
when not in the machine, and thus the program always will start at
the beginning of the tape.

A typical set of instructions similar to those found in the
cassette boxes is shown below. This covers the main points
regarding cassette insertion.

OPERATING INSTRUCTIONS FOR CASSETTES

To get the most out of this videocassette, follow these
precautions (see Fig. 2-6):

Keep the videocassette away from high temperatures, exces-
sive dust, and moisture.

Keep the videocassette away from strong magnetic fields.

Do not leave the videocassette exposed directly to the sun.

Do not attempt to open the videocassette.

Before inserting, take up slack in the tape by turning the reels
manually in the directionindicated by the arrows. (See Fig. 2-6A.)

Avoid repeated insertion and removal of the videocassette
without operating the machine.

If the machine fails to function as desired when the play,
rewind or forward button is pressed, check that the tape is not at
either end of its travel.

You may monitor the tape on the supply reel through the
translucent window. (See Fig. 2-6B.)

veme pid VIDEO mPUT 5
VHF VIDEO OUT :|3==-=-==(m fo%ey 2] o]
ANTENNA uzu 5
NI FPLUGS :K —
= ERON0 smsmsncmzwmcm M‘:’m
RGS9U o p—
CABLE PHONG,
VHF OUTPUT ANTENNA PHONO XA
TRANSFORMER o .
ua ETC. " ”m,?,
Fig. 2-3. VC machineto TV set Fig. 2-4. To TV monitor.
connection.
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Since the full width of the tape is used for recording pictures
and sound, the tape cannot be reversed. (See Fig. 2-6C.)

If the red safety cap at the bottom has been removed,
recordings cannot be made. To protect a recording from accidental
erasure, remove the cap.

Rewind the tape onto the supply reel. Always store the
videocassette in the cassette case when it is to be carried or mailed
or whenitis not tobe used for along time.

CASSETTE REMOVAL

Removal is just as easy as insertion. With the two-reel type of
machines, the stop button is pressed, and this retracts the tape
into the cassette. When the tape is fully retracted the cassette can
be removed from the machine. With these it is not necessary that
the tape be fully rewound to the beginning. To actually remove the
cassette, the eject lever or button is used, and the cassette pops
or whenitis not to be used for a long time.

With the one-reel cartridge types, the cartridge removal is
automatic. Pressing the rewind button will cause the tape to be
fully rewound to the beginning, at which time it is fully inside the
cartridge. It then automatically ejects from the machine. Unlike the
previous type, cartridge removal implies full rewind.

FURTHER PLAYBACK OPERATIONS

When a tape is played back it is possible to get a perfect
picture without using any controls other than the play button.
However, during playback three main problems can occur to upset
the picture. To obviate these, three controls are provided.

TAPE—SHOULD BE CLEAR LEADER
PROTECTIVE FLAP HERE WHEN TAPE AT END
SUPPLY REEL

RECORD
SAFETY
CAP

LABEL AREA

GUIDE SLOT TAKEUP REEL

Fig. 2-5. Underside of a cassette.
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Fig. 2-6. Cassetteinstruction sheet diagrams.

® Mistracking. Mistracking a tape is caused by the rotating
video head scanning two video tracks during one revolution. This
effect appears as a few lines of noise across the picture, and they
appear to run up or down the screen, causing a shuddering effect.
To restore a perfect picture the tracking control should be slowly
turneduntil this effect disappears.

® Hooking. A hooking or bending of the picture often appears
at the ton of the screen, and it usually is not stable. The effect is
often calledflagging. It is caused by the playback tension in the tape
differing from that during record. Many factors can cause this,
ranging from a bad tape to a maladjusted machine to atmospheric
conditions. It is corrected by using the tension or skew control.
Often the range of this control is inadequate to correct the fault.

® Color problems. In a well-adjusted machine playing back a
good tape the color will be automatically controlled and will need
no adjustment. However, two problems can be observed: either
color bands will be seen across the screen or the actual colors will
be wrong, for example, green faces. To correct these the color
lock control is pulled and then turned. When the tape has been
completed, this control should be pushed back in, because it will
affect the next tape.

The three controls above work in the playback modes only
and have no affect inrecord.

SUMMARY

Although the two playback modes described here are the
simplest uses of the machines, they do serve as a good starting
point for learning the correct and full use. The extensions of these
two modes and the other possibilities of use are covered in the next
few chapters, which explains all the essentials needed for using
videocassette machines.
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3
Simple
Cassette Recording

This chapter offers a simple introduction to the operational
procedures needed torecord a tape.

In its simplest modes, recording is just as easy as playback.
The cassette is inserted into the machine as previously described,
but now it is essential that the protective cap is in place. Once the
cassette has dropped into the threading position this cap holds back
a small lever or microswitch, which allows power to be applied to
the record circuits and associated relays. To accomplish recording
all that is necessary is to see that the required connections are
made and that the input switch is inthe correct position.

The first step is to check for an electronics-to-electronics
signal at the output of the machine. (This is usually referred to as an
E-E or E-to-E signal.) A video monitor connected to the video out
will provide this check. An E-E signal is an input signal which has
passed through all the electronics of the machine and appears at the
output: it is thus an indication that everything in the machine is
working perfectly. It is not an indication that the recording has
actually been put onto the tape—only a playback can give this
assurance.

To get an E-E signal the cassette must be in place and the
record button must be pressed. This button will lock down but will
not run the tape out or transport it—only the playback button will
dothis. When the record button is pressed it allows an E-E picture
to be seen at both the video out and the vhf out and means that a
recording can take place. Without the cap or cassette inserted the
record electronics cannot function and an E-E signal cannot be
obtained. If recording is attempted, the playback mode will be
initiated.

In order to view the E-E picture and to hear the incoming
sound, a monitor or TV set must be hooked up to the machine just
as in the playback mode, and this must be done in addition to the
record connections. Any of the playback connections can be used,
either separate audio and video or composite RF (audio and video)
to the TV antenna. If an E-E picture is observed and the audio
signal is heard on the speaker, then a short test recording should be
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made. To record on the tape, the record button is held down and
the play button is pressed. This will lock the record button down
and thread the tape. If the record button is not held down it will
release and the playback mode will be entered.

When the tape is fully threaded, the record mode will be
initiated and the incoming signal will be recorded onto the tape.
About 30 seconds should be recorded and then the stop button
pressed. The tape will retract back into the cassette and then-
rewind for a few seconds. After the warning light goes out, the
play button is pressed and the recorded section is played back. If a
satisfactory recording has ocurred then it is safe to proceed with
the main programs. The tape should now be rewound to the start.

On most machines no controls are provided in the record
mode. Provided the video signal is of a correct level and the audio
has been connected properly, then the signals will be automatic
gain controlled (AGC) and no further operations will be necessary.

RECORDING EXAMPLES

Three simple recording situations are shown in the following
examples, and these represent the most common and basic of the
recording modes normally encountered. Although the operations
and interconnections are somewhat inter-dependent, these exam-
ples concentrate on the operations; connections are covered in
detail later.

The main difference between playback and recording is one of
attitude rather than technique. Playback is a passive procedure: it
is the viewing of something already created. Recording, on the
other hand, is an active procedure: it is creative and requires
participation. Even in its simplest modes it requires thought,
preparation, and work. The meaning of this will become apparent
as experience is gained.

Recording Off Air With The Internal TV Tuner

The TV antenna or the CATV cable is hooked up to the
antenna terminals at the rear of the machine in the same way they
are connected to the TV set. The input select switch is set to the
TV position, and the channel desired is selected and tuned just as
with aTV set. Figure 3-1 shows the simple connections.

The record button is pressed, and the incoming signal is
viewed in the E-E mode on a monitor or a TV set. For best
reception the fine tuning ring is used, and the tuning indicator pinis
made to give a peak reading on the dial. The recording can be
started whenever desired.
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Recording From A Camera And A Microphone

Figure 3-2 shows the easiest of the recording setups. This
suffices to cover many situations and is the simplest of all to
accomplish. It is a setup which can work anywhere, such as in an
office or a classroom. A proper studio is not needed.

The camera must produce a fully composite video signal, and
itis connected to the video in of the cassette machine.

The microphone should be connected directly to the mic in of
Channel 1. Channel 2 can be used if desired. The difference
between these is coveredin detail later.

The main operational problem with this simple setup is that
there is no way of fading into the sound and picture at the start and
no way of fading out at the end, because no controls are provided.
This is the main drawback to the videocassettes as simple
production machines.

This means that the talent must sit still and silent until the
tape is threaded and ready. Once the warning light goes out, about
10 seconds should be allowed for the machine to fully stabilize.
Then a hand cue must be used to start the talent. At the end of the
program the talent must sit still and silent again for about 30
seconds before the stop button is pressed. This sitting still and
silent at the beginning and end allows for fading in and out as the
tape is played back in a studio through a mixer. It ensures that the
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Fig.3-1. Off airrecording connections.
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beginning of the program will not be clipped in recording later in
copying sessions.

Although this simple procedure is inadequate for a profes-
sional production, it does give practice in simple recording and
playback and allows the new operator to build confidence. Once
this is gained, the more complicated procedures may be attempted.

The main problem with this is the impossibility of keeping the
tape black and the sound down until the start, when ideally both
should be faded in together. A black opening and end can easily be
achieved by capping the lens, but the talent must still be instructed
toremainsilent.

COPYING ONTO ANOTHER VIDEOCASSETTE

One of the most common and most used recording modes with
cassettes is that of copying a master tape onto a cassette format.
Once the correct connections have been made it becomes only a
matter of pressing the record and play buttons on the recording
machine and then pressing the play button on the playback
machine.

If the master tape has a sufficient amount of silent black, then
these two buttons can be pressed simultaneously. When the
machine begins to record it will start off with a section of the silent
black before the program begins. If silent black is recorded at the
end of the program, then it is easy to copy about 10 to 30 seconds of
this before pressing the stop button.

If there is no silent black on the master tape, then difficulties
can be experienced with both the opening and the closing of the
program, and the starting point will have to be chosen and
rehearsed carefully prior to the actual copying.

The connections for the various copying modes are covered in
detail inalater chapter.

CONCLUSION

In general the recording of a cassette is as easy as playback,
requiring that only one extra button is pressed and one additional
precaution is observed. The simplest modes should give no
difficulty to anyone, even the new user of a videocassette machine.
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4
Operational
Controls

and Facilities

1t is appropriate at this time to cover the operational controls
provided on the videocassette machines and to explain the correct
use of these controls. It makes sense to explain what the controls
are and what they do before they are used, but since it is likely that
many operators will have some experience with these machines,
this chapter can be read later or used solely for reference purposes.
It is put here for convenience in developing the operational
procedures.

Because the cassette machines have been designed to be the
easiest of all VTRs to use, and with the idea that all the important
parts should never be touched by hand, or system of knobs, buttons
and levers is provided which initiates the various functions by
powering motors and solenoids inside the machine.

There are many ways in which these machines can be used,
but the more advanced uses require some knowledge of their
capabilities and how to perform a few semitechnical operations.
The exact details of each model are given in the operations manual,
and this should always be consulted. Everything that is possible
with cassette machines is within the capabilities of the average
person. This is the strength of these machines, because much can
be accomplished with a minimum of technical training.

Three general warnings should be observed with all cassette
machines at all times:

1. Due to their automatic nature it is imperative that all
operating instructions be obeyed explicitly. Failure to do so can
and will cause damage to both the machine and the tape.

2. Do not touch anything while the warning light is on.

3. Never force any of the controls. They should all operate
easily and smoothly. If they do not, then maintenance is indicated.

For easy reference this chapter is divided into four main
sections:

1. The controls—This covers the actual knobs, levers, and
buttons. It explains what they are for and what they do, and it
explains correct use and when not to use.
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2. The plugs and sockets—Explains their functions and
correctuse.

3. The automatic functions—Several facilities are provided
which are completely automatic in their operation, with no controls
for the operator. These are covered very briefly.

4. Operating advice—A general list of do’s and don’ts about
machine and tape care is provided.

This chapter is fairly complete in its list of the controls and
functions. Obviously not all are found on every machine, and
certain slight variations in operation also occur from model to
model. To determine which are actually found and which is the
correct procedure, the individual operator's manual must be
consulted.

A complete physical description of the internal mechanics and
electronics of the machines and the construction of the cassettes
has been left until later in the book, which covers the technical
aspects more fully.

THE CONTROLS

The controls which are most used are naturally placed in the
easiest and most convenient locations. This is either on the top of
the machine near the front or on the front panel. The actual layout
varies from machine to machine, but within a widely used format a
given arrangement is closely adhered to. This is shown in Fig. 4-1.
The actual number of controls also varies, but the following
sections cover those found in most machines and the comments can
be applied to all.

The General Controls

Power switch. This must be used by the operator before any
other function can be selected, because the power is not turned on
automatically by the insertion of a cassette. This switch is most
often a push-on/push-off button which is mounted away from the
rest of the controls, where it will not be accidentally touched.
Associated with it is a light—usually green—to show when the
power is on or off. After use, the power must be turned off by hand,
because power is not automatically turned off by removal or
ejection of the cassette.

The main function keys. The most important and most
used controls are those dealing with the tape transport and the
selection of the major operating functions. These are grouped
together for ease of operation, and most are in the form of “piano
keys” which are mechanically interlocked to enable only one
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Fig. 4-1. Layout of front panel controls.

function to be selected at a time. They are built into a single unit,
which also contains a small printed circuit board, switches, a
release solenoid, and several levers which extend into the
mechanical works of the machine. They select the mechanical
functions, route power to the appropriate places, and serve to
protect the tape and the machine from wrong or inadvertent
operation once a function has been selected. These controls should
be operated one at a time, and only at the correct time. They should
never be forced, and if they give trouble, then a qualified

serviceman should be consulted.
The stop button is the only one which is mechanically

interlocked out when a function is chosen, and it must be used
between the selection of all other functions. No buttons should be
operated when the warning light is on.

An important feature is that if a tape reaches its end—either
end in any function or mode—then the plastic leader actuates an
automatic stop mechanism. This powers the solenoid on the key
mounting which releases the keys, depowers the electronics, and
stops the selected function, leaving the machine in the stop mode.

Associated with these controls is a warning light, which
comes on when the tape is being threaded or retracted. Whenever
this light is on, no keys should be depressed or even touched. They
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are mechanically locked out during this time; attempting to use
them or slightly forcing them can cause damage to both the machine
and the tape.

In most machines these controls are mechanical in their action
and thus are not easily adapted to remote control. A few machines
use a different type of function button. These are a nonmechanical
action type: a gentle touch causes the key to operate a microswitch
placed underneath. This is directly connected to an electronic
control circuit, which consists of latches and gates, and these now
control the functions required. The advantage of this is that it
enables remote control with a very simple hand-held unit contain-
ing duplicate switches.

On some machines indicator lamps are associated with each of
these buttons, other models have indicators only for record, and a
few have no such lamps.

The individual buttons or controls are now covered. Figure
4-2isatypical layout.

Play or forward. Both these legends are used for this most
important control button. Depressing this button has the major
effect of running the tape out of the cassette and around the
threading path and the heads. It is the only control which does this
and must be used in both the play and the record modes.

When pressed, the warning light comes on while the threading
is inprocess, and the light stays on until the threading is complete.
At this time power also is applied to the playback and servo
electronics and the control circuits. Thus the key stays down and
the playback mode remains active, and it is impossible to use any
other control or select any other mode without first using the stop
button. The exceptions to this are the audio dub and the edit
controls.

If power is removed when this button is depressed, then the
tape will stop in its run-out position, and it will be impossible to
remove the cassette from the machine. Once power is returned the
play mode will continue.

If the tape reaches the end, then the plastic leader causes an
automatic stop, followed by a retraction of the tape back into the
cassette, a short rewind (in some models a full rewind), and the
automatic release of the play button. In some machines the mode
is ended with an automatic cassette ejection from the machine.

Record. When this button is pressed it will stay down, the red
record light will come on, and an E-E picture will appear at the
video output and the VHF output of the machine. This will only
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occur if a cassette is in place and the safety cap is included. Withno
cassette inserted or with the cap omitted the record will not
function. This button will not thread the tape; only the play button
will do this. Momentarily pressing any of the other main functions
keys will release the record button, but the correct one to use is
the stop key.

To effect a recording the record button should be held firmly
down and the play button pressed. This will now lock the record
button in place and cause the tape to be threaded. Recording is
ended by using the stop button; this releases the record and play
buttons andretracts the tape.

The record button can be mechanically locked down with the
play button while the machine is depowered. When power is
applied the tape will run out, and recording will begin when the
threading is complete.

With a cassette inserted and the record button pressed an
E-E picture of the incoming video can be seen on a monitor. At this
time power has not been applied to the recording amplifiers or to
the erase circuits, so this is a safe viewing procedure which will not
erase a small part of the tape. Power to these circuits is not applied
until the tape is threaded.

As with all other tape recorders, use of the record function
will wipe away all previous material; this includes the video, the
control track, and both audio tracks. Hence recording video over an
existing audio commentary is impossible.

ain
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Fig.4-2. Function buttons
(courtesy of JVC).
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Stop. This is a most important button or key. It must be used
between all other modes of operation to stop whatever mode the
machine is in. Its operation causes the warning light to come on, it
releases all other buttons and functions, and no other function must
be attempted until the warning light goes out.

In the playback and record modes, using the stop button on a
cartridge machine will simply arrest the tape in its run-out mode at
the time the button is pressed. It will stay in this position until
another function is selected.

With cassette machines, the stop button causes the tape to be
fully retracted into the cassette and the rewound for about 10
seconds of program time. The total time for this process is about 6
seconds. During retraction and rewind the stop button is locked
down and automatically releases when the short rewind is over.
Simultaneously the warning light goes out, and only now may the
next function be selected.

Rewind and fast forward. With the cassette machines both
of these functions are conducted with the tape entirely within the
cassette. (Note: This is not true of the larger editing machines.) If
the tape has been played up to some point and either of these
functions are required, the stop button must be used first. This
retracts the tape into the cassette, and when fully retracted either
of these functions may now be selected. The tape is then
transported from one reel to the other without being run out around
the threading path. A belt and puck drive is used from the main
motor to the appropriate spool, the other being left to rotate freely.

If the rewind or fast forward is continued to the end of the
tape, then the clear plastic leader will cause an automatic stop. (At
this point the same function should not be selected again, because
an automatic lockout is not provided, and the mechanism will just
continue to run and wear out the drive belts.) When the end of the
function is reached, the keys are automatically released and will
pop up to the rest position.

To go from one of these modes to the other, the stop button
must be used, and it must be used prior to selecting any other
mode. Each of these modes can be stopped anytime and anywhere
inthe tape.

With the single reel cartridges, the rewind and fast forward
modes can be used once the tape is run out around the threading
path. Neither can be initiated immediately after cartridge inser-
tion. The play mode must be allowed to be automatically entered
first, then stop is used, and the required other function is selected.
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At the end of FF the tape will automatically stop and jump into
rewind. At the end of rewind the tape is fully inside the cartridge
and the cartridge will reject. For this reason the rewind button is
sometimes labeled the rewind eject button.

Those machines which have timers and auto-repeat functions
will also automatically fast forward and rewind over the time or
section of tape selected for continuous repeats.

Controls Associated With the Main Function Keys

Several other controls are provided on some models, and
these act as extensions of the main functions.

Audio dub. This facility is provided on all recording
machines. In the normal recording mode, audio is recorded with
the video onto either or both tracks. Further audio can be added
onto Channel 1 only at a later time by using this control. To use it,
the tape must be running in the play mode, and when the new audio
is required the control is pressed. The input to Channel 1 can be
from any source. This is provided as a useful feature for adding a
second language, additional commentary, a verbal cue track, etc.
Note that TV audio is recorded onto Channel 2 and that this cannot
be overdubbed.

Audio safety. This is a mechanical interlock which protects
the audio dub control. It must be pressed and held down, and then
the audio dub control is pressed.

Phase. Not all machines are provided with this useful
control. It momentarily stops the tape transport without changing
the operating mode, and when it is released the tape runs again in
the same mode. It is provided for use in the record and play modes
but canbe used in the dub and edit modes.

If power is applied with both the play and pause buttons
pressed, then the tape will run out and thread, and the machine will
remain in pause until the pause control is released. Then normal
operation will begin. Because the use of this button does not cause
the tape to retract, it is most useful in setting a tape to a cue point.
Individual models should be checked to see if this gives a still
frame picture, because it is not really the same function as still
frame. If such a picture is produced it may have tracking noise
lines running horizontally across it at some places. The only way to
adjust the tape position to obviate these is to release the button and
immediately press it again. Repeat this until a picture free of
interference is obtained.

Edit. The earlier models were not provided with this
function, but it has been incorporated into some of the later
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models. Each model should be checked to see if assemble or
insert edit has been provided, because these are quite different in
their operation. To use the edit button, the tape must be in the
play mode, and it is simply pressed at the time the new program
material is required. This switches the machine over into the
record mode, and the new material is put onto the tape. The
necessary connections and the operational procedures are covered
in detail in chapter 6.

Eject lever. The functions of this have been covered
adequately under cassette insertion and removal. Some machines
have an automatic ejection, and therefore this control may not be
provided.

Record lock. This is not found on all machines, and its
functions are coveredin the following section.

Memory counter. This is an on-off switch located near the
tape counter and it is similar to the normal-repeat switch. In the
on position, the tape will rewind to the point where the counter
shows 000 and then stops.

This is useful for repeated playbacks of the same section of
tape. When the required start point is found the counter is reset to
000, and the tape is played to the desired end point. The rewind is
used and the tape automatically stops at 000, and is ready for a
replay.

Eject Button. This is an automatic cassette removal func-
tion. The cassette holding slot is mechanically interlocked to the
threading ring and cannot rise until the tape has been fully
retracted. Notches in the threading ring ensure this, and mechani-
cal levers are used to lift the tape slot at the correct time.

Timers, Counters, and Auto Repeats

All machines are provided with a timer or a counter to indicate
how much tape has been used, but the type and the use for which it
is intended vary considerably. It is convenient to include a brief
description of the auto repeat facility because it is controlled by the
more advanced timers. Figure 4-3 shows a typical dial.

Counter. The simplest of the indicators is the belt driven
counter. This is three decade wheels which reset manually to zero
and then count up to 999 before overspilling into 000 for a second
time around. It is a very inaccurate method because the drive is
taken from a spool and is only an indication of how much tape has
beenused.

Tape indicator. This is basically the same as the above
counter in that it is driven from a spool, but it is more complex in its
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Fig. 4-3. Timer dial (courtesy of JVC}).

construction and functions. It uses a dial face marked in minutes
from 0 to 30, and has a single pointer which indicates elapsed time.
A second (usually red) pointer is used to set the point at which
playback or record is required to start. Once this is set, the FF
button is used, and when the timing pointer reaches the red
pointer, the machine stops and enters the pbk mode. These are
quite accurate in their timing of the tape.

Clock. Some machines have a battery driven clock with two
sets of hands. The clock runs continuously, and the second set of
hands provide for automatic turn-on at a preset time of day. This is
different from the tape counter function. A 1.5 V UM-2 battery is
used, which will run for about a year, and can drop to as lowas 1V
before it affects the operation of the clock. Easy replacement is
possible without affecting any other machine operations.

Timing Unit. Some manufacturers provide a separate timing
unit. This works similarly to the common “coffee-pot” or “swim-
ming pool” turn-on/turn-off timers, but has the turn-on function
only. The desired turn-on time is set on a dial and the end of the
tape provides the machine turn off.

The timer is plugged into the wall outlet and the cassette
machine and TV set (if used) are plugged into the power outlets on
the timer. The timer is switched to off, and this provides power to
the cassette machine and TV set. The cassette is loaded, the tuner
set to the desired station, and the machine is put into the record
mode. The timer is then turned ON. This interrupts the power to
the machine and TV set and supplies power only at the desired
time.

The time set dial and the actual time dial may be conventional
clock faces or digital readout.

Normal repeat playback select switch. In the normal
position the tape will play in the normal manner. In the repeat
position the tape will repeat indefinitely a section which has been
selected by the timer or the tape indicator.
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The red pointer is set to the desired time at which the
repeated playback is desired to begin, and the select switch is set
to repeat. The tape will now play from this point to its end—that
is, the end of tape where the plastic leader starts, not to the end of
the program section. The plastic leader initiates the rewind,
which takes the tape back to the selected start point instead of to
the beginning of the cassette. The playback of this section is now
repeated. This process continues until it is stopped manually.

Itisalsopossible torecord from a preset point on the tape and
then to have this new recorded section play back repeatedly.
Instructions for accomplishing this tend to differ from model to
model, and the operator’s manual should be consulted before
attempting this mode.

Record lock. This is for use when a timed, unattended
recording is required. The clock controls can be set to start a
recording at some time when the machine is unattended. If the
record lock button has been pressed, it will lock the record
button down when it is pressed. When the selected time on the
clock arrives, the machine will then automatically depower and
shut off. It is essential that the auto repeat switch is left in the
normal position; otherwise the tape will rewind and record again
and again.

The Playback Only Controls

Certain controls are active in the playback mode only. These
have been reduced to a bare minimum and in most cases do not
need to be touched at all. If excessive use of any of these is
required, then either a defective tape is being played or the
machine requires maintenance and realignment.

Tracking. This is anormal helical VTR control, which should
be adjusted for correct tracking of the tape, because it is viewed on
the monitor screen. A tracking meter or a video level meter is not
usually found on these machines and thus cannot be used to aid in
tracking adjustments.

Skew. This is a normal tension control. It works in playback
only, being preset in the record mode. It should be used to provide
minimum or no hooking of the picture at the top of a monitor
screen.

Color/mono switch. This is found at the rear of the
machine. All machines will automatically record a color signal in
color and a monochrome signal without the color. Because most
tapes are in color this switch should be left in the color position.
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However, if a monochrome monitor is used for viewing or a
monochrome tape is played, then it should be set to the mono
position.

Color lock control. This normally should not be touched. It
is preset at the time of manufacture or alignment for correct color
playback and should be used only if a tape will not lock up on color
when played. To be used, it must be pulled and rotated. After use it
should be pushed back in; otherwise it will affect other tapes.

The Record Controls

The cassette machines are completely automatic in their
record functions, and it is possible to make a perfect recording
without touching any controls. However, it is necessary to select
the source to be recorded, and a switch is provided for this. Also,
several controls are provided with the tuner section to facilitate its
use.

Input select switch. This selects either the external audio
and video sources which are plugged into the back of the machine or
the internal TV tuner. The video and audio are switched simul-
taneously. Whatever is selected by this switch also appears at the
outputs in the record and E-E modes. Its two positions are labeled
ANT or TV, and EXT.

TV tuner. The controls with this are exactly the same as
those found in normal domestic TV set and should be used as such,
with the picture viewed on a TV set or monitor plugged into the
output of the machine. The tuner is described in more detail later.
Up to four other controls may be provided with the tuner.

Fine tune meter. Sometimes called TV meter or tuning
indicator, this is set to a peak reading when fine tuning the tuner.

AFT switch. This switches in an automatic fine tune circuit.

Antenna select switch. This selects either the incoming
program or the output of the tape to be fed to the outputs for
viewing. It is very similar to the input select switch.

Local/DX switch. This adjusts the input level from the
antenna to the TV tuner. It reduces the level from a strong local
signal and does not attenuate that from a distant weak station.

Note: Two antenna terminals are provided for use with the TV
tuner. Both UHF and VHF antennas are connected separately and
are selected by the tuner as with a normal TV set. When the
machine is depowered and not in use the VHF antenna is fed to the
antenna terminals of a TV set which is connected to the VHF output
of the machine. The UHF is not fed through. This subject is
covered more fully later in the book.
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The Audio Record Controls

Some models of machines are made without a TV tuner, and in
its place is provided an audio control panel. This allows control
over the audio to be recorded and makes the machine suitable for
music and other types of studio recording. A level control, level
meter, and limiter switch are provided for each channel. Touse it,
the limiter switch should be set to its OFF position and the level
controls adjusted so that the audio peaks do not exceed the
arrowhead mark on the meter. The limiter switch is now put to
the on position and will prevent the audio peaks from exceeding
this preset point without introducing distortion. The meters are
similar to normal volume unit (VU) meters, and they are in the
output circuit of the audio amplifiers, so they will work in both the
record and playback modes. A small record lamp in the corner of

each indicates that the record mode has been selected for that
channel.

Controls Common to Record and Playback

Audio select switch. This selects the audio which will
appear at the audio monitor jack on the rear panel. This same audio
is fed to the VHF modulator and so will be heard on a TV set used
for viewing and listening. It selects either Channel 1, Channel 2, or
a mixture of both. The headphones are fed audio from this switch,
but the feed is different from that just described: In position 1,
Channel 1is fed to both ears; in position 2, Channel 2 is fed to both
ears; and in MIX, Channel 1 is fed to one ear and Channel 2 is fed to
the other.

Headphones switch. This controls the level heard in the
headphones. Only 8 or 16 2 (ohms) headphones are specified. High
impedance phones can be used, but the level control will not now
function.

Channel select switch. This selects the TV channel used to
view the output of the machine. Some machines use Channels 3 and
4, and other prefer Channels 5 and 6. This should be checked with
the operator’s manual.

THE PLUGS AND SOCKETS

One of the most characteristic features of these videocassette
machines is the variety of plugs and sockets used, which is quite
deliberate. Audio, video, and RF require different types of sockets
and cables, and the correct one has been used in each case. This
also provides the operational advantage that makes it impossible to
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plug the wrong cable into the wrong input or output. All of these
have been mounted on a rear panel, which is generally divided into
input and output sections, as in Fig. 4-4.

The Outputs

Video out. Only one direct video output is provided, and this
is a standard video signal suitable for use with any other piece of
video equipment. It must be terminated in 75 at all times during
use by a monitor or some other video input. In the playback mode
the video out from this plug is the video on the tape; in the record
and E-E modes the video input to the machine appears at this plug.
A PL 259 UHF-type plug or a BNC-type plugis used.

VHF or RF out. Both terms are used to describe this output.
Most often this is a standard F plug used in the MATV and CATV
industry. When the machine is depowered, the output of this
socket is the antenna connected to the VHF antenna terminals.
When the machine is powered the output is the E-E of the input
video and audio, and in the playback mode it is the signal from the
tape. This is a 75} output, which must be connected through a
matching transformer to the antenna terminals of a TV set.

In some machines the same UHF plug used for the video out is
usedforthe RF.

Line out left. This is the audio output of the left channel, or
Channel 1. An output is always present whenever the machine is
powered, andit is either the input signal or the audio from the tape.

Line out right. This is the audio output of the right channel,
or Channel 2. It is identical to the above otuput.

Audio monitor. The output here is selectable with the use of
the audio select switch. It is either Channel 1, Channel 2, or a
mixture of both. Each of these outputs are unbalanced, approxi-
mately 0 dB (decibels) level, and are rated as 10 kQ output
impedance.

Headphones. This is a stereo % in. phone plug which
provides listening facilities to both tracks. A set of 8(2 or 16}
phones should be used. Two preset listening levels are available
with the phones select switch.

The audio outputs are covered in more detail later in this
book.

The Inputs

Video in. This is a standard UHF PL259 or sometimes a BNC
socket. It will accept the output of any standard-type TV equipment
provided it is acomposite video signal.
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Antenna inputs. Two sets of screw terminals are provided,
one for VHF and one for UHF. These are normal 3000 inputs such
as those found on a domestic TV receiver. If a 75Q antenna or a
CATV lead-inis used, thena matching transformer must be used.

MIC in right. This is a microphone input to the right channel,
or Channel 2,

MIC in left dub. This is microphone input to the left channel,
or Channel 1. This channel should be used for dubbing an audio
commentary onto an existing tape.

A wide range of microphones can be used with these
machines; the input level is rated from —72 dB up to —30 dB.
However, it is advisible to check a microphone with a test
recording before committing oneself to it for a program.

Lineinright. Also called aux inr. This accepts a relatively
high level and is suitable for most output found on electronic
equipment.

Linein left dub. This is the same as the above input, but it is
alsoactive during the audio dub mode.

Both line inputs will accept a wide range of levels and are
rated to work between —20 dB and +10 dB approximately. The

input impedance is around 100K and will not load down any input
signal.
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Fig. 4-4. Rear panel of machine.
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General Purpose Sockets

The 8-Pin. This is a most important connector within the
EIAJ-1 format of VTRs. It is provided on some cassette and
cartridge machines to enable easy connection to the TV monitors
made with this series of equipment. Its use is fully covered in
Chapter 6.

AC power sockets. Most machines have two of these. One
accepts the output from the wall power plug, and the other is a loop
through so that a monitor can be plugged into the rear of the
machine. This is useful when only one wall socket is available.
Never plug more than one monitor into this output.

Fuse. This is in the AC line input. Its size is specified on the
rear of the machine, and only this size should be used. It is
dangerous to use a larger fuse. Usually 1.5 or 2 amp (amperes) is
the approvedsize.

THE AUTOMATIC FUNCTIONS

Several automatic controls and facilities are provided in the
videocassette machines, and these aid in the recording and
playback of the video signal. They are a feature of most of the
machines available today, but the term automatic should be
understood for what it implies in practice. This tends to vary from
one manufacturer to another and is often used more as a selling
point than as a hard technical fact.

An automatic function is something which the machine does
for the operator and which the operator does not actually have to
do. Tape threading is perhaps the best example. However, the tape
is not threaded just because the cassette is inserted into the
machine; in most machines it requires that the operator push a
play button. So the definition of automatic can vary.

The automatic functions can be divided into three main areas
in which they work: mechanical, operational, and electronic.

Mechanical. All the major tape transport functions are
conducted by the mechanics of the machines with no operator
involvement. At the correct time a combination of mechanical and
electrical interlocks selects the correct solenoids, circuits, etc.
Although the functions are started by the operator pushing a
button, many of the subsequent functions are started and stopped
within the machine by the action of a light from a small lamp falling
on a phototransistor. The opaque tape keeps the light from the
transistor, but the clear plastic at each end allows it to fall on the
transistor. In many machines it is the change of light level which is
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important and not the actual level, which is why a function—such as
rewind—will not automatically stop, if used after it has reached
the full rewind posiuon.

Operational. In many respects these are not easy to
distinguish from the mechanical functions. Although the auto
repeat playback must be set up and selected by the operator, its
implementation is fully mechanical. The same is true of the auto
rewind and eject. The facility of being able to view one OFF AIR
program while recording another requires little operator work,
because most of the interconnections are performed within the
machine.

Electronic. A range of automatic functions are provided
within the electronic circuits of all machines. The most obvious is
the automatic gain control—or AGC—for both the video and audio
in the record mode. Provided the input signals are within the
ranges specified, a sufficient signal will be recorded onto the tape
to ensure a perfect playback.

Depending upon the complexity of the machine, certain other
automatic controls are provided, which often are mentioned in the
manufacturer’s literature and have no provision for operator
adjustment. These are:

1. Automatic color control. This controls the level and
sometimes the phase of the color on playback.

2. Automatic phase comtrol. This controls the phase—or
hue—of the picture on playback.

3. Automatic color killer. This will disable the color circuits
when a monochrome signal is used.

4. Color noise canceler. This will adjust and minimize the noise
inthe color signal.

5. Drop out compensator. This replaces the bad sections of the
tape with a repeat of the previous line of video, thus avoiding
annoying flashes on the screen caused by an old or damaged tape.

AGC and limiters. Because both of these are now incorpo-
rated into many models a brief explanation of the difference is in
order. An AGC circuit controls the gain of the amplifier so that it
presents a narrow range of output levels regardless of the input
level. Thus a low level input is amplified more than a high level
input. Normal dynamic ranges of input which are very close to each
other in time during a program passage are preserved relative to
each other, because it takes an AGC circuit a short time to react to
input changes. Inthis way the artistic quality of music and speech is
not destroyed.
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The main objection to AGC circuits is that during periods of
extended silence, the AGC will gradually work wide open, and this
tends to introduce unnecessary background noise. Then, when the
sound does begin, the opening few seconds can overload due to the
circuits reaction time.

A limiter is not an AGC. A level is set above which the circuit
will not permit further amplification. All dynamic ranges below this
level are left alone. But as this level is approached the amplification
is gradually reduced, preventing both signal overload and distor-
tion. Several types of limiter circuits exist, and they work slightly
differently, but those used in most cassette machines are quite
simple.

OPERATING ADVICE

All machines have a set of operating instructions which should
be understood and followed at all times. A videotape recorder is no
different, and the advice given here is applicable to all VTRs and
videocassette machines. These statements are not esthetic but are
based on good practical reasons learned from operational experi-
ence and by paying attention to the way the machine is designed.
The result of following this advice, which is given by all
manufacturers, is beneficial to any videotape system in terms of
ease of operation, long life, minimum downtime, and reliability.

Machine Care and Handling

® Do the following with the machines:

Keep the machine away from strong magnetic fields, air
conditioners, heaters, dust, and moisture.

Avoid unnecessary shocks or impacts to the machine, espe-
cially while it is in operation.

Operate it in horizontal position only; this is the only position
in which it is designed to operate.

When inserting a cassette, push it in as far as it will go, but
never force it.

Only remove cassettes with the eject lever.

Remove the cassette when transporting the machine.

Always use the stop button between all operating functions.

Always wait until the warning light goes out before trying to
eject the cassette or selecting another function.

When the play mode is discontinued before the end of the
tape, fast forward the tape to the end and then rewind it fully. This
prevents uneven winds which can damage the tape and affect its
stability.
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Beware of the automatic repeat function, especially when
using the automatic timer for recording. It can cause continuous
repeats of the recording mode, and thus valuable material can be
lost.

When receiving a UHF program, view the incoming program
ona TV setto check thefine tuning.

If the power is interrupted, press the stop button. This will
cause the tape to unthread and retract when the power is reapplied.
Normally the machine will unthread when the power is reapplied,
and occasionally the warning lamp will stay on. If it stays on for
longer than 10 seconds, press the play key.

@ Do not do the following to the machine:

Do not attempt to load the cassette with the loading slot
lowered.

Do not eject the cassette while it is playing.

Do not force the eject lever. If difficulty is experienced, then
depower the machine.

Do not depower the machine when the warning lamp is on.

Do not touch the eject lever until the warning light goes out,
even during or after rewind or fast forward.

Do not use the rewind key after the tape has been fully
rewound and automatic shutoff has occurred. It will continue to run
without a further automatic shutoff.

Do not stop playback or recording with the power switch.

Do not connect the VHF output to anything other than an
approved RF device, such as the antenna terminals of a TV set or a
proper distribution amplifier.

Do not put objects on top of the machine while it is in
operation. This will block the ventilation holes and cause overheat-
ing.

Do not transport the machine with a cassette inside. Remove
itand transport it in its own protective box.

Donot throw away the packing carton. This is a piece of advice
givenby all manufacturers in their operating manuals.

Do not attempt to service these machines unless you have
some basic technical training.

Tape Care and Handling

Correct tape care and handling is most important and is
necessary for the long life and reliability of the tape. Much of this
means giving attention to small details and often appears to be a
lengthy, fussy ritual which can impair the smoothness of playback
sessions in a nontechnical atmosphere. It was consideration of this
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factor which made cassettes so attractive. Because of their fully
enclosed and protected nature, many of the problems which plague
the open reel tapes are largely offset; but this does not mean that
the cassettes are immune to bad handling and bad storage. If the
following advice is adhered to, then the cassettes will remain
trouble-free.

@ Do the following with cassettes:

Always rewind the tape onto the supply reel when it is
finished.

Always store and ship the cassette inside its plastic protective
case.

Keep all tapes away from strong magnetic fields, excessive
dust, and moisture.

Always mark or write clearly on the label, not on the plastic
cassette case. (Use a different color from that previously used, and
erase previous titles with the same color used for the latest title.)

Always store the cassette so that it is on end, never lying
down.

@ Do not do the following with the cassette:

Donot put it on top of air conditioners or heaters.

Do not repeatedly insert and remove it without playing the
tape.

Do not attempt to put the cassette in upside down. Unlike
audio cassettes there is no “other side,” because the full width of
the tape is used for the video signal.

Do not pull the tape out of the cassette or cartridge. This
invites damage and lessens its useful life.

Never touch the tape with the fingers.

The Cleaning Cassette

Due to their entirely closed construction, normal head and
guide cleaning is not advised by the manufacturers. For this a
cleaning cassette is available. It is played for about 30 seconds, or
from 000 to 010 on the counter, and then removed without
rewinding. Thus when it is next used a new section of the cleaning
tape is run through the machine. When the end of the tape is
reached it is then rewound and used again. It can be used several
times before a new tape is required. Excessive use of this will
shorten the life of all the heads, especially the rotating video heads,
so its frequent use is not recommended. With care, the top of the
machine can be removed and normal cleaning procedures can be
followed. This procedure is covered in Chapter 15.
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5
Common

D —0¢°l Interconnections

This chapter covers the most common of the interconnections
between videocassette machines and other items of equipment. It
concentrates on situations found in practice and illustrates them
with examples. All equipment must be connected to some other
item to produce a tangible, usable system for both playback and
recording.

In general, with both playback and recording, the video
connections are quite easily understood and are almost always the
same. The audio is much more complicated and is treated at
greater length.

The examples given do not exhaust all the possible situations,
but they do provide guiding principles and form a good basis for just
about every practical situation which could occur. If some other
setup not shown here should be encountered, then no difficulties
should arise when dealing withit.

Playback is treated first, and then recording is covered. The
connections for each mode are entirely separate, and any recording
situation can occur with any of the playback situations. So treating
them separately allows for clarity of discussion and does not create
the impression that a particular recording mode must be associated
with or accompany a particular playback mode. They are entirely
separate and independent.

Two particular special case connections are encountered with
most VTRs. These are the use of the “8-Pin” multiplug and the RF
connections. They are different in several respects from the above
cases and are covered later.

To fully understand interconnections and how to make full use
of the machines, some knowledge of video and audio circuitry is
essential. However, much is possible without this, so the circuit
descriptions have been left until later in the book. Because the
different models of videocassette machines have slightly different
inputs and outputs switching arrangements, plugs, and sockets,
these are discussed in the corresponding chapters to avoid
unnecessary confusion now.
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Complete coverage of audio inputs and output levels, impe-
dances, and plug wiring is found later in the book and can be
consulted for specific details and used in conjunction with this
chapter.

With regard to audio connections, three pieces of advice can
always be observed.

1. When in doubt, try the connection. Equipment is seldom
destroyed due to audio connections. The only caution to be
observed is not to short or ground any outputs. This can destroy
equipment very quickly.

2. No audio interconnection is perfect and has not been
designed to be so, thus a wide latitude of levels and impedances
will be found which will work when connected together.

3. Experimentation with audio connections is always in order,
and often necessary. So when in doubt experiment.

INPUTS AND OUTPUTS

Before covering these as separate items, a few general
operational points common to both should be observed.

The video and audio channels are active all the time power is
applied to the machine. All outputs are inhibited or muted during
threading, rewind and fast forward operations but are active at all
other times, even when the tape is not running.

In most cases the video inputs and outputs are made with a PL
259 UHF or a BNC type connector. The RF is almost always an F
socket. In both cases the proper video and RF cable must be used.
This is usually the RG 59/U or the 8281 types, both of which are
75€) cable. At all times the outputs should be terminated in a 75(
input or load. The input to all VTRs is a terminating input.

Unlike the video, audio is not standardized with respect to
levels, impedances, and connectors. These all vary from model to
model, and each must be treated on its own merits. A wide range of
adaptors is available to facilitate audio interconnections, but the
wiring connections within these must be treated with some care.
Shielded cable should always be used with the audio.

In most machines no level controls are provided, either for the
inputs during record or for the outputs during playback. The input
levels are specified to be within a certain range, and this is wide
enough to accommodate most situations found in practice. If the
signals are within this range, then the audio and video AGC circuits
will record a satisfactory signal onto the tape and a satsifactory
playback will be assured. The playback preamplifiers are set
during alignment procedures and normally do not drift. They only
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need to be readjusted with a change of tape type, with age, or witha
change of components due to failure.

Those machines which donothave a TV tuner have audio level
controls, a meter, and a limiter switch instead. This enables some
control to be exercised over the recording, which is desirable for
music and some speech situations.

Outputs and Playback Connections

The video outputs. Two types of video outputs are provided
on most machines. One is a standard pure video output, which is a
fully composite video signal of standard amplitudes and is suitable
for connecting directly to a monitor, a TV system, another cassette
machine, or any other VTR.

The other output is an RF signal, with the video and audio
modulated onto a carrier at the frequency of a standard TV channel.
This is suitable for connecting to the antenna terminals of a
domestic TV set or for plugging into an RF distribution system.

When the tape is in the playback mode a video signal is always
present at both the video out and the rf out. So when a tape is
being played, the picture will appear on whatever is connected to
these outputs. In the record and E-E modes, the input signals to
the machine are seen at both outputs.

Both outputs are affected by the tracking, color lock, color
mono switch, and the skew controls in the playback mode only.
These do not function in record, and they are video controls only.
Both these outputs always must be terminated in 75 ().

The audio outputs. In most of the cassette machines two
identical audio channels are provided, one for each of the tracks on
the tape. Each has anindependent line output socket, which always
has the output of the channel present whenever power is applied to
the machine. Many models have an audio monitor jack, the output
of which is selected by a switch on the front panel and can be either
Channel 1, Channel 2, or a mix of both. This same audio is fed to the
input of the RF modulator.

To accomplish audio playback, it is mainly a matter of
selecting the best or correct output from the machine and
connecting it to the input of the other item of equipment. This can
vary enormously, depending upon the location and use and the
range of inputs likely to be foundin practice is very wide.

The audio output from both channels comes from either the
tape audio in the playback mode or from the inputs to the machine in
the record and e-e modes.
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All machines use the same heads for both record and playback,
so in record mode the audio signals at the outputs are the input
signals which have passed through the entire electronics of the
machine. It is not a playback from a separate head, as in
professional audio machines.

Note that no audio outputs will directly drive a speaker. An
amplifieris required at all times.

Examples of Output Connections

These examples are intended to illustrate the range and type
of audio equipment one can expect to encounter and the range and
type of inputs one can expect to deal with.

Although certain types of inputs have been ascribed to definite
pieces of equipment in these examples, it should be clearly
understood that the given item may have a very different input
when found in practice and that the described input can be found on
many other items. No hard and fast rules can be laid down with
audio equipment that has not been built for broadcasting or
communications use.

Each of the following situations can be realized with any model
or make of cassette machine, and thus the plugs, levels, and
impedances may vary if another model is substituted for that in the
example. The exact details of the plugs and sockets used on the
machines are given in Chapter 4. The illustrations here use a
simplified form of drawing which makes the connections obvious
without complicating the drawing.

TV Monitor

The video out of the cassette machine is connected to the
video in of the monitor; if there are two video inputs to the
monitor, then either can be used. The term off switch should be
set to the term or 750 position. The TV monitor will have an audio
input, and this is connected by a separate cable to the line out of
the machine. Use the output of the channel with the audio recorded
on it. If no sound is heard, then try the other line out socket. In
most cases the audio input to the TV monitor is unbalanced, so no
difficulties arise with this connection.

The ANT VTR switch on the set should be put in the VTR
position. Figure 5-1 shows this connection.

TV Monitor with Separate Audio Amplifier

This connection is used when the TV monitor has no internal
amplifier and speaker. It is essentially the same as the previous
mode, but now the audio is connected to a separate audio amplifier
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with its own speaker. Ideally this amplifier should have a high
impedance input, and the line out of the cassette machine should
be used. If an amplifier with a low impedance input is used, then the
output level from the cassette machine will be dropped a great
deal, but it still may be usable. It is necessary to have a level
control or volume control on the amplifier because there is none on
the machine. Depending upon the amplifier used, the audio
connections will be subject to some variations and experimenta-
tion, and each situation must be treated on its own merits. Figure
5-2 shows typical situations.

Several Monitors and Separate Audio

This is an extension of the previous example and is typical of
the situation found in auditoriums, lecture halls, and other public
places.

The monitors are usually connected in a “loop through” mode,
as in Fig. 5-3. The video is fed into the first one, and all the
termination switches are set to the off or high position. Only the
last one in line is set to on or 75¢).

The audio can vary and must be treated on its own merits, as
many situations can occur. The most common are the following:

1. Several audio amplifiers with their own speaker. In this
case each must have a high input impedance, and they are parallel.
Use the line out of the cassette machine, and connect it to one of
the inputs.

2. One amplifier feeding all the speakers. This may have a
high or low level input, and a range of impedances could be
encountered.

TV MONITOR
J VTR
UHF PLUG N AnT
0 KTERMON
CASSETTE VIDEOh 0 VIsERM OFF
MACHINE ~ OUT N
AUDIO LINE
ouT ] ? (AUDIO IN
PHONOPLUG ~ MINIPLUG

Fig. 5-1. TV monitor connections.
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Fig. 5-2. TV monitor with separate audio.

3. A preamplifier is used. This can have several inputs, and
they can be switch selectable between functions or inputs such asa
tuner, a tape deck, a record player, an auxiliary, or a mike. A
playback characteristic switch also may be included, labeled nab,
ccir, riaa, etc.

The line out of the machine should be used, and the tape or
auxiliary inputs are the best connections to make. Nab is probably
the best characteristic to use. Figures 5-4, 5-5, and 5-6 illustrate
these connections.

TV MONITORS
TERM OFF TERM OFF TERM ON
0 M ]
L g uJ | S5 g o |
BNC OR UHF .
PLUGS
RG59 U TYPE EXTERNAL
CABLE TERMINATING
PLUG CAN BE
USED AS AN

ALTERNATIVE

Fig. 5-3. Several TV monitors in “loop through.”
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A Small Studio System

The video out of the machine is connected to one of the video
in positions on the video switcher or mixer in the studio control
room. The problem that will be encountered here is that the video
out of the machine is a fully composit video signal, and the inputs to
the mixer require a noncomposite signal. Sync is usually fed in
separately from the video inputs. To mix the cassette signal with
the studio sync by plugging into a noncomposite input is likely to
cause trouble and is a connection which should not be made.

Most of the smaller video mixers are made with one or two
composite inputs so that they can accommodate VTRs, and one of
these should be used. Often these will be associated with one or
two select buttons on the control panel which are separated from
the main controls used for switching the noncomposite camera
signals.

It is impossible to fade in and out of the cassette signal, and
any cuts to and from it will cause a vertical frame roll. The only way
of avoiding this is with an editing machine which has the studio
video output fed to the video input of the machine. This acts as a
stabilizing signal and will allow cuts and fades to and from the
cassette machine without introducing frame roll.

The audio most likely will be controlled by a small audio
mixer. Most of the time these are likely to have standard broadcast
60012, 0 level inputs and mic level inputs. Some models are
provided with high level, high impedance inputs. Preferably the
line out of the cassette machine should be connected to a high
level input.

If only mic level inputs are available the line out will have to be
attenuated or “padded down” as in Fig. 5-7. A further complication
is that the cassette machine outputs are unbalanced and the mixer
inputs may be balanced.

If both channels are required to be heard on the program, then
both line outs must be connected to different inputs of the mixer, or
alternatively the monitor out canbe used instead. Figure 5-8 shows
a common audio mixer, and Fig. 5-9 shows the wiring of the input
connections which use the XLR-type plug.

Stereo Playback

Because the two audio channels are quite independent of each
other, it is possible to record and playback the audio in stereo. For
playback of stereo sound, the line out sockets must be used
because they are the only independent outputs. Most stereo hi-fi
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Fig. 5-4. Several audio monitors in parallel.

amplifiers and other general purpose amplifiers are high level, high
impedance inputs, as are most audio recorders, so no difficulties
should be experienced with the connections. It is also possible to
use the phones output for this mode, as shown later.

Separate Audio Systems

This mode has several uses, such as feeding two different
language commentaries to separate audio systems or feeding
Channel 2 into a program and Channel 1 into a small control room
monitor for listening to postrecorded cues. The manner of
connecting the machine will be dependent upon exactly what is
required and what is available but in general will be no different
from anything already described.

XLR
UNBAL
LINEOUT =2

W PHONO

Fig. 5-5. Audio monitor with several speakersin parallel.
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Fig. 5-6. Audio preamp input.

Video and Audio Distribution Systems

Large buildings and building complexes such as apartments,
offices, and schools often distribute the video and audio over
separate lines, and for this distribution amplifiers are used in each
of them. Video distribution amplifiers (VDAs) often have a
terminating or a loop through input and about four outputs, and the
gainis set to be unity.

For audio, a bridging or high input impedance amplifier is
used. The gain can be set to anything convenient for the
installation, and again up to four outputs are available.

The video out of the machine is used, and the line out is
used for the audio. Figure 5-10 shows a typical setup.

Copying Onto Another Videocassette or VTR

The outputs and inputs of all the cassette machines are
compatible with most of the inputs found on the common VTRs.
The audio line out is connected to the aux or line in of the other
machine, and the video connections are obvious.

TYPICAL VALUE

100K
LINE OUT[] Emlgur
PHONO
TYPICAL VALUE
1K
(MAY NOT BE NECESSARY)

Fig. 5-7. Attenuator or "pad.”

54



Fig. 5-8. Frontand rear of Shure mixer (courtesy of Shure).

With machines built to the EIA] standards, any combination is
possible, and no diagram is needed to explain these. With the
various 1 in. machines the connections and plugs will be different,
and each must be tried on its own merits.

Monitor Output

In all of the previous situations the line out has been
recommended for use. This usually produces the required result
because the audio has been recorded onto one channel only, and the
correct connection involves finding the correct channel.

It is possible however, to use the monitor output in all of the
above examples. The audio output at this point is selected by a
switch on the front panel, but the actual details of what the audio is
varies slightly from model to model. The advantage of this outputis
that it can combine the audio from both channels or can switch from

MIC SIMPLIFIED INPUT
XLR SOCKETS CIRCUIT

T 5,

.. n 73,
g‘ﬁ 60011
141N PHONE ALTERNATE M
MING WIRING I Mchou\‘_]
PHONO CONNECTIONS L
]
B LINE 1
>— ]
1
‘i’&/‘."‘l

@

MIC OR 97 TERM OR
LINE BRIDGING
INPUT SWITCH

Fig. 5-9. Shure mixer input connections.
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Fig. 5-10. Video and audio distribution amplifiers.

one channel to another. This is useful in academic examinations
which require alternative questions to the same video or which
have answers on the second track for student self-checking.

Phones Output

This output is useful for many purposes. The most obvious is
to plug a set of headphones into the socket and listen to the program
inprivacy and without disturbing other persons in the vicinity.

A stereo audio plug is used on the phones, and the audio heard
is controlled by the audio select switch. However, the audio fed to
the phones is different from that fed to the monitor output and the
RF modulator: in position 1, Channel 1 is fed to both ears: in
position 2, Channel 2 is fed to both ears; and in mix. Channel 1 is
fed to the left ear and Channel 2 to the right ear.

Examples of this facility are to listen to the program on phones
while it is faded down at the mixer. The mixer then can be faded up
at the correct time so that only the desired audio is copied or
broadcast. Cues can be placed on Channel 1, which can instruct
when to fade in and out the program audio on Channel 2.

Because 8 or 16{} phones are specified, this output can be
used to drive many other inputs. However, it must not be used with
a mic input because the level is much too high. The two output
levels available are selected by the phones switch, position 2 is
the loudest. When this output is used as a source to feed an input,
the line or aux input must be used. Figure 5-11 shows typical
connections.
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INPUTS AND RECORDING CONNECTIONS

Recording on a videocassette is required at many times and in
many different places, so both video and audio inputs are made
available on many models.

When recording, the connections to the machines must be
made in addition to those required in playback. So in general the
most difficult aspect of recording is the connections, and as with
playback it is the audio which is the most complicated.

Video Inputs

Two video inputs are provided to the record electronics on the
machines. The simplest for the operator is that from the internal
TV tuner. This requires no connections other than the antenna at
the rear of the machine, where a normal TV or CATV antenna or
lead is connected. The input select switch is set to the int or TV
position, and this switches the video and audio to the input of the
machine.

The other video input is a video in socket which enables
various external sources to be connected. In this mode the select
switch is set to the ext position, which routes the video and audio
inputs to the record amplifiers.

The external video input must be a fully composite video
signal, because no separate sync or drive inputs are provided on
these machines. Most outputs from other nonbroadcast equipment
are fully composite, so these connections present no difficulties.
The video in is a terminating input and no loop through is possible,
so the cassette machine must be the last in line with any multiple
connections. See Fig. 5-12.

Jr__g _______ =53 Uk or
C:%j AUX
T__H ______ = Q@ nput

————— PHONES

PHONES
S |V T 441N STERO

MAKE BOTH

CONNECTIONS = = — = LINE
4 g — [1':3) 1
AUX INPUT

Fig. 5-11. Phones output.
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The video levels from external sources can be between 0.5V
to 2.0V. The video record amplifiers are automatic gain controlled
and thus the correct level of signal will be put onto the tape. The
agc also works for the off air signals and, provided they are not too
weak or too strong, good recordings will be obtained.

Video Connections in Record

In general there are several common sources which will be
used to supply the input to the machine.

Camera. The output of the camera should be plugged directly
into the video in socket. This must be a fully composite signal with
a stable sync signal, and most nonbroadcast cameras with inter-
laced sync are satisfactory for use.

A portable camera cannot be used because the cassette
machines do not have horizontal and vertical drive outputs and have
no provision for accepting an adaptor box. With a correct adaptor
box, some portables may be usable with the cassette machines.

TV set video output. This mode can be used to record off
air programs if an internal tuner is not provided in the cassette
machine. A connection is made between the video output of the TV
set and the video input of the machine.

Copying from another VIR or cassette machine. Thisis
the same as any other VTR copying procedure. The video output of
the playback VTR is connected to the video in of the cassette
machine.

Output of a studio. The line out of the studio is connected to
the video input of the cassette machine. Ensure that the studio
output from the mixer is fully composite.

Audio Inputs

In the record mode, as in playback, the audio connections are
more complicated than the video. Audio from the internal TV tuner
is recorded on the cassette if the input select switch is in the tv or
int position. This requires no connections other than the antenna.
In this mode the audio is recorded onto Channel 2 only, and the
input of Channel 1 is grounded, so it is not possible to add a
commentary to a program while it is being recorded—this must be
added later.

With the select switch in the ext position the inputs of the
audio channels are from the input sockets at the rear of the
machine. Two types of inputs are provided, a mic and a line or
aux. One is provided for each channel, and they are identical as
described below.
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Fig. 5-12. Videoin on a cassette machine.

Mic in left dub input. This is a normal microphone input to
the left channel or Channel 1. It accepts a level range of =70 dB up
to —30 dB, and the impedance is nominally 10 kQ unbalanced. An
RCA phono-type plug is used. This channel should be used for
dubbing extra speech into arecording.

Mic in right input. This is identical to the above except it
does not work in the audio dub mode.

Most microphones will work these inputs, but it is advisable
to try a microphone before committing oneself toit.

Aux in left dub input. This input is for use with the outputs
of most other items of audio equipment. It accepts a level range
from — 22 dB up to +10 dB, and the impedance is nominally 100K
unbalanced. This channel should be used for audio dubs.

Aux in right input. This is exactly the same as the input to
Channel 1, but it does not work in the audio dub mode.

A miniplug is used for these inputs so that confusion with the
mic input will not arise.

In the normal record mode using an external source, it is
possible to record onto both channels simultaneously, because
both are active and the previous audio is erased from both by the
main erase head. In the audio dub mode only Channel 1is active,
and the Channel 2 audio remains untouched—being neither wiped
nor recorded upon. The input to Channel 2 is grounded in this
mode. The selection of which mode and which input to use is
obviously dependent upon the situation and is shown in the
following examples.

Examples of Input Connections

In many respects these examples are identical to those
illustrating the output connections, and the same general remarks
apply here.
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Recording from a Microphone. The microphone is simply
plugged into the mic input. Either channel can be used in the
normal record mode, but only Channel 1 if audio dubbing is
envisaged. Most microphones will work, especially those from the
same manufacturer, but it is advisable to check with a test
recording first because both the levels and the impedance may be
unsuitable.

Recording from a Studio Mixer. Small mixers are found in
studios, auditoriums, etc. and will be encountered frequently.
Most have a line out or a high level output, which will be around
0 level. Both balanced and unbalanced outputs will be found on
different models. These should be connected to the line in or aux
in of the cassette machine.

Occasionally a mixer will have a low level output. This may be
low enough in level to feed into the mic input, but it may be too
high. It also will probably be too low for the line input. In this case
itis best to attenuate it or “pad” it down to a slightly lower level.

Not all mixers have a level meter or a master level control, so
sometimes the exact level out will be in doubt. Again, a test
recording is advised in these circumstances. The audio output
connections for the Shure mixers are showninFig. 5-13.

Using the Line Out of Other Equipment. This should be
connected directly to the line in or aux in of the cassette machine.
In most cases the impedances and levels will be suitably matched
and no difficulties should be experienced. The main problems will
be matching the plugs and sockets and converting from a balanced
to an unbalanced line.

Most audio equipment does not have a level meter, and so
again the levels may be in doubt and a test recording should be
made first.

Stereo Audio Recording. Because stereo sound is a proven
consumer item, and because some TV programs have been
broadcast in stereo in conjunction with FM radio stations, the
ability to record in stereo onto a cassette is considered an
advantage. All of the previously described cases can be performed
simultaneously on both channels. Ideally the outputs from each
piece of playback equipment should be the same, but this may not
be the case. The dual outputs of a stereo record player amplifier
will be identical but the outputs, of a TV set and an FM tuner may
be different. The setups in Figs. 5-14 and 5-15 indicate what might
be expected.
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The Output of Another VTR. This is identical to a normal
VTR copying setup. The line out of the playback machine is
connected to the line in of the cassette machine.

Audio Qutput of a TV Monitor Set. This is a line out in
both level and impedance and should be connected directly to the
line in or aux in of the cassette machine. The input select switch
on the cassette machine must be in the ext positions. The TV vtr
switch on the TV set must be in the TV position, otherwise it will
not feed the received audio signal to the output. This connection is
effectively the same as that used for the 8-pin, which is discussed
next.
8-PIN CONNECTIONS

The 8-pin is a special connector originally designed as a quick
convenience connector to be used between a VIR and a TV
monitor or “jeeped” TV set. A jeeped TV set was the forerunner of
the TV monitor. It had the video and audio brought to an output
plug, and video and audio input was possible. It usually required a
small attachment, known as a “jeep box’ to be attached to effect
the connections to the modified internal circuitry.

With the 8-pin plugs and cable a program can be recorded off
air and then played back into the same TV set with no plug or cable
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~ -~ vy

AUDIO M AMP OUT
“{> XLR
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METER LINE

CIRCUIT NS ©20ur
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LEVEL ,);o
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AVAILABLE AT PHONES
FROM STEREO PLUG

Fig. 5-13. Shure mixer outputs.
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Fig. 5-14. Stereorecording connections.

changes. With a color TV and color VTR or cassette machine the
recorded program is in color. With monochrome equipment a
monochrome picture is recorded and played back.

To effect these connections a special multicable is used, with
four individual shielded cables enclosed in one sheath. A male 8-pin
plug is mounted on each end, and a female 8-pin socket is mounted
on both the VTR and the TV set. The cable can be used either way
round but the plug will fit into the socket in only one way. This one
connection at each end completes the audio and video connections
for all record and playback purposes.

Figure 5-16 shows a TV set with an 8-pin and other plugs
mountedat its rear and Fig. 5-17 shows the designations of the pins
on a TV monitor and a VTR. In this, note the terminals and the
functions associated with them, because this explains why direct
interconnection between VTRs and cassette machines is not
possible with the cable.

TVSET VC MC
MINI MICO O

] [3— AUXO O

| i PHONO

0

PHONO

FM TUNER

Fig. 5-15. Alternate output stereo recording connections.
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Recording OFF AIRfrom a TV Monitor
This is the easiest use of this connector and is the main reason

why it was designed. One plug is inserted into the socket of the
VTR or cassette machine and the other into the TV set. The
TV-VTR switch on the TV set is set to the TV position, and the
desired program is selected and tuned in the normal manner. The
input select switch on the cassette machine is set to ext, and the
recording mode is initiated in the normal manner. Figure 5-18
shows the setup in pictorial fashion. Another TV monitor can be
plugged into the machine outputs and the program can be viewed in
the E-E mode if desired.

Immediate Playback of OFF AIR Recording

If the tape is rewound and put into the playback mode, it canbe
seen and heard by switching the TV set to the VTR position. No
replugging is necessary. Obviously, with this connection any other
prerecorded tape can also be played back.

These two simple examples cover the full use for which the
8-pin cable was designed. It is not intended for interconnections
between VTRs, cassette machines or any other purpose. How-
ever, with afew simple modifications its use can be extended.

VTR Copying With The 8-Pin

The reason the 8-pin cannot be used to interconnect two VIRs
or cassette machines is that it would parallel like functions instead
of interconnecting complementary functions. Reference to Fig.
5-17 will make this clear. There are two ways of alleviating this
dilemma: to use the TV set in an unusual manner and to rewire the
cable within the plug.

Copies using a TV set. The connections for this mode are
shown in Fig. 5-19. The normal 8-pin connection is used between
the cassette machine and the TV set, but the machine to be used for
recording is connected as shown in Fig. 5-19. Note which sockets
have been designated for these connections; they do not corres-
pond with their normal functions, and this is definitely a “trick”
hookup. It is understood by referring to Fig. 5-20. which shows
diagrammatically the outputs of the cassette machine and the
inputs to the TV set. The played back tape can be viewed on the
monitor in the TV set. The played back tape can be viewed on the
monitor in the normal manner, but it must be in the VIR position,
and the 75¢) termination switch at the video ext in must be set to
off. The audio levels and impedances are satisfactory for this
connection.
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It is likely that this mode may never be used, because other
ways exist of copying, but it does come in useful when lack of other
cablesis encountered and an 8-pinis available.

Direct VIR Interconnections with the 8-pin. For this it
is necessary to modify the internal wiring of the plug at one end
only. This modification is shown in Fig. 5-21. The modified plug
should be painted red and should be used as the input connector to
the recording machine only. It will not work when used for any
other purpose.

The 8-Pin Splitter Box

These can be very useful as a central connector for several
interconnection purposes. The one shown here provides simple
copying facilities from a cassette to another cassette or VTR and
allows monitoring with an 8-pin and a TV set or an ordinary
monitor. It is one of many such boxes which can be easily built. The
only precautions are to ensure the video is neither unterminated
nor doubled terminated and that the audio inputs are correct. See
Fig. 5-22.

RF SYSTEM

The RF system can be considered to be a complete subsystem
within the main videocassette machine. A typical block diagram is
shown in Fig. 5-23 and it consists of three main sections: the TV
tuner, the RF modulator, and the antenna switching.

Fig. 5-16A. Rear of TV set with 8-pin connector (courtesy of Sony)
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Fig. 5-16B. Video input panel (courtesy of Sony).

In many ways the RF system is different from the remainder of
the cassette machine, and it was approached by the designers with
an attitude completely different from that used when designing the
previous helical VTRs. There are four main reasons why the RF
system is best treated separately from the rest of the machine:

@ Both the audio and the video are carried simultaneously in
the same RF cable, modulated onto a standard TV channel
frequency, and do not require separate cables or attention. Note
that this is a shielded 75¢} cable and not the domestic 300 twin lead.
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Fig. 5-17. Pindesignationson VTRand TV.
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Fig. 5-18. Off air recording with 8-pin.

®The RF levels out of the machine are governed by FCC
rules, are set at the time of manufacture, and are not controllable
by the operator.

®The distribution of an RF signal through an MATV or a
CATYV system is very different from the normal audio and video
connections.

® The antenna loop-through connections in the machines are
different from any other connections or switching.

Each of the three sections are covered separately, followed by
examples of RF use.

TV Tuner
To win acceptance as a consumer item the ability torecord TV

programs OFF AIR and then play them back into a normal domestic
TV set was considered vital. The manner in which this has been

v
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O LINEQOOR
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Fig.5-19. Copies witha TV set.
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done in the cassette machines makes their inclusion into a
domestic setup very easy and does not introduce any difficulties.

To do this a standard TV tuner has been incorporated into
many of the machines. This is a standard type of commercial TV
tuner which is found in domestic TV sets and contains both the
VHF and the UHF channels. Two sets of antenna terminals are on
the rear of the machine, and the TV antenna or the CATV cable are
connected to them just as with a normal TV set. On the front panel
of the machine are the two usual channel selector dials, each with
its fine tuning ring, and they are used just as a TV set. An extra
provision is a tuning indicator, a meter whose pin reaches a peak
reading at optimum tuning.

If the desired channel is turned to and the input select switch
is set to the TV or INT position, then the TV program will be
recorded onto the cassette and can be viewed and heard on a
monitor or TV set connected to any of the output sockets.

TV MONITOR
INTERNAL AMPLIFIERS
8-PIN CONNECTIONS

o o2 25
VIDEO OUT EXT OR
VIDEO IN

INTERNAL AMPLIFIERS
750

o ol 5
AUDIO AUDIO
ouT IN
4
o o o)
VIDEO VIDEC
IN ouTt MINIPLUG

] GB 80
AUDIO AUDIO
IN out
TVOuT
NOT ALWAYS

INCLUDED

VIDEOCASSETTE MACHINE UHF PLUGS
TERM SWITCH{

Fig. 5-20. Ins and outs of plugs.
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Fig. 5-21. 8-pin modifications.

All machines with a tuner can record off air programs in color
and then play them back immediately into the same TV setin color.
This is possible without any changes of cables and plugs and even
without taking the cassette out of the machine; it merely needs to
be rewound. In many cases it is not even necessary to change the

channel on the TV set.
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Fig. 5-22. Splitter box.
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The RF Modulator

This is a small TV transmitter of very limited power. Its
purpose is to allow a cassette to be played back over a normal
unmodified domestic TV set. Unlike other VTR, it is permanently
installed and is not removable by unplugging and pulling out from a
recessed compartment.

Any input to the machine in the record or standby modes is fed
to the input of the RF modulator and appears at its output. If a tape
is being played back, then the tape video and audio are fed to the
modulator. The audio is selected with the audio select switch on
the front channel.

The output of the modulator is switch selectable between two
standard TV channels; Channels 3 and 4 comprise one selection,
while other machines will use Channels 5 and 6. The output
appears at an F plug on the rear of the machine; this is a 752 output
which is connected through a matching transformer to the VHF
antenna terminals of the TV set. The TV set is tuned to the channel
selected by the switch on the back of the machine. This output is
labeled either RF or VHF out, and the two terms are used
interchangeably in most literature when referring to this output.

When the machine is set up to be used with a MATV or a
CATYV system, or even a domestic antenna, direct connection is
not always possible to the TV set. (This is covered in an example in
this chapter.)

EXTERNAL
INPUTS
ANTENNA
TERMINALS TV
o TUNERIN | TVOR lEXT
l CASETTE [ anT INPUT
l MACHINE SELECTOR
SWITCH
O._
RF SWITCH INTERNAL
OR RECORD
RELAY AND
CONTACTS PLAYBACK
CIRCUITS

VHF 7
o/
ouTt o— RFUNIT 4,

Fig. 5-23. RF block diagram.
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As far as the user is concerned the modulator is a nonservice-
able item, and if it gives trouble it should be replaced with a new
one. Its output is governed by some strict FCC rules, and this
warning is given by many manufacturers. See Fig. 5-24.

The audio and video inputs to the modulator are permanent
connections inside the machine and cannot be switched out. In both
cases the inputs are high impedance and act as bridging inputs to
the main video and audio outputs. This ensures that if the unit is
removed no interruption of other normal functions will occur.

Antenna Switching

When the machine is powered up for recording or playback,
the output of the video and audio circuits are fed to the RF
modulator inputs, and the external antennas are fed to the tuner
inputs. When depowered, the antenna inputs are switched from the
tuner inputs to the RF output socket. The inputs to the modulator
remain untouched. This enables the antenna to be routed to the
antenna input terminals of a TV set, which is permanently
connected to the RF output of the cassette machine.

The actual switching arrangements vary from model to model,
and details should be checked with the operator’s manual. The
diagrams in Figs. 5-25, 5-26 and 5-27 show several examples. The
main difference to be observed is whether it is possible to record
one program OFF AIR while viewing another. This is not possible
on some machines but is presented as a useful facility with others.
Note also that the UHF antenna does not “loop through” most
machines; an external UHF splitter must be used.

Examples of RF Use

When using a video cassette machine in RF installations there
are certain items of equipment which will be encountered that are
not found elsewhere. A brief description of the most common of
these is given before the examples of use are covered.

CAUTION

Connection between the machine RF QUT terminal and the antenna
terminais of a TV receiver should be made only as shown in these instruc-
tions. Failure to do so may result in operation that violates the regulations
of the Federal Communication Commission regarding the use and opera-
tion of RF devices. Never connect the output of a machine to a receiving
antenna or make simultaneous (parallel) antenna and machine connec-
tions to the antenna terminals of a TV receiver without the use of an ap-
proved splitter.

Fig. 5-24. FCC warning.
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Fig. 5-25. RF switching system.

The Antenna Transformer. Almost all domestic TV sets
are made with 3002 antenna input terminals only. Because most
RF distribution equipment, such as MATV or a CATV system,
uses 75§} equipment and cable, a transformer is required. To
refrain fromits use will cause inferior pictures due to the mismatch
of the line and their terminals, and it could contravene FCC
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Fig. 5-26. Another RF switching system.
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Fig. 5-27. Alternative RF switching system.

regulations concerning RF devices. A photo and the connections
were shownin Fig, 2-2.

The Splitter. If an RF cable or antenna is to be fed to two
different inputs, these inputs cannot be paralleled in the same
manner as most hi-fi audio connections. The RF signal must be
properly “split” so that it can feed the two inputs. To do this a
“splitter” is used. Figure 5-28 is a photograph of a two-way

Fig. 5-28. Two-way splitter (courtesy of Jerrold).
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Fig. 5-29. Two set connections with a splitter.

splitter, and Fig. 5-29 shows a simple two-set connection.
Splitters are made for both 7502 and 30012 lines and must not be
intermixed. The signal is dropped about 3 db at each output with a
two-way splitter. Up to four-way splitters are manufactured, but
these have correspondingly larger drops in signal. VHF splitters
and UHF splitters are different, and each usually will not pass the
other signals; this should be checked before use. When connected
in reverse, splitters will combine signals. Any unused outputs
must be terminated with a 75€) terminating plug.

RF Attentuators. An attenuator is a device which reduces
the level or strength of a signal. RF attenuators are properly
shielded and terminated and will reduce the level by a given
amount. They can be either fixed or switchable. The amount of
attenuation introduced is marked in decibels.

Field Strength Meter. The FSM is used to determine the
level of RF signal received on an antenna or in a cable. It is
connected to the antenna or the cable and then turned on. Basically
it is a TV tuner with a calibrated meter on the output. The tuning
dial is adjusted to get a peak reading on the meter, which indicates
the strength of that particular channel in decibels. They are used
extensivelyinthe MATV and CATV industries.

FOUR-WAY SPLITTER

fﬁ’:iiﬁ;m BROADBAND
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VHE OUT
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GAIN

OUTPUT TO
SYSTEM OR
SEVERAL TV
SETS

Fig. 5-30A. Playbackinto several TV's with a broadband amplifier.

73




RF Bandpass Filters. These are devices which will accept
or reject a certain part of the RF frequency spectrum. They are
usually used to prevent interference between channels on a cable
system. They are either preset to one channel or are tunable.

RF Amplifiers. Two types of RF amplifiers are made:
broadband and narrow band.

® Broadband. These are made to amplify a wide range of
signals an equal amount. Usually they are made to cover the
entire 13 TV channels and the FM radio band. Often they cover
Channels 2 to 6 (only) and 7 to 13 only. A wide variety of controls
are often found with these which should never be touched without
the proper RF alignment equipment. A loop-through input is
usually provided with a termination switch, and up to four outputs
are common. The gain can be preset for unity or something higher.
These are usually found in the head end of MATYV systems and as
distribution amplifiers in MATV and CATV systems.

® Narrowband. These are also called “strip” amplifiers, and
they will pass one channel only. They are used in many MATV and
CATV head ends where separate antennas pointing at stations of
different signal strengths are found. Care must be used in setting
them up, because in the rejection of any adjacent channels they may
reduce the level of the audio and color signals. Usually only one
input and two outputs are provided.

The reason for the preference for the use of one above the
other is not often clear and is a matter of local conditions and the
personal choice of the designer of the system.

Playback into a TV SET Antenna. The RF or VHF output
of the cassette machine is connected to the VHF antenna terminals
of the TV set, and the set is tuned to the same channel selected by
the channel select switch on the rear of the machine. Because the
machine has a 752 output a transformer must be used to match the
3004} antenna terminals of the TV set. Most such transformers
have an F connector on one side and antenna-type leads on the
other, so a cable with two F connectors is required for this
connection. This cassette is played back in the normal manner, and
the audio is selected by the audio select switch on the front of the
machine.

With this simple setup no interference with other TV sets
should result, and a satisfactory color picture and sound can be
attained onthe TV set.

The level out of the RF output is such that it can only
satisfactorily feed one TV set. Two TV sets can be connected,
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Fig. 5-30B. Broadband amplifier (courtesy of Jerrold).

provided a splitter is used, but this is about the maximum that will
produce a good picture, To feed more sets than this, some RF
amplification will be required, as the next example. Figure 5-30A
demonstrates these connections. (From now on, the plugs are
assumed and not shown.) Figure 5-30 B is a photo of a typical
broadband amplifier.

Playback into an RF Distribution System. An MATV or
a CATV system are examples of RF distribution systems. In

TO ANTENNA
[
BROADBAND
gMPL'F'ERO_ TO TV SETS
N oot ORSYSTEM

TWO-WAY SPLITTER USED
¢ TOCOMBINE SIGNALS
TOCASSETTE

MACHINE

VHF OUT

Fig. 5-31. Playbackinto TV system with a broadband amplifier.
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Fig. 5-32A. Strip amplifier with a cassette.

principle, this situation is no different from the first example. The
output of the machine is directly connected to the input of either a
broadband or narrowband RF amplifier; a transformer is not
required because these have 75 inputs. The outputs of these
amplifiers are either already connected into a system or must now
be connected into it. The following situations are typical of what
canbe found inpractice.

An existing system using a broadband amplifier. Thisis
shown in Fig. 5-31. A splitter is introduced at the input of the
amplifier, and the connections are made as in Fig. 5-31. The level
of the cassette RF is measured at the output of the broadband
amplifier, and it should be exactly the same as the other channels.
If not, it should be attenuated or amplified with a strip amplifier, as
shown inFig. 5-32A. (Fig. 5-32B shows a strip amp.)

A field strength meter, FSM, can be used at one of the
broadband outputs, or it may be necessary to use a splitter, as
shown in Fig. 5-33. Note that this will reduce the level in this
output leg by about 3 dB.

A temporary setup with a broadband amplifier. This is
typical of the situation which must be faced at such events as

Fig. 5-32B. Strip amplifier (courtesy of Jerrold).
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Fig. 5-33.FSM used to measure levels.

TWO-WAY
SPLITTER

exhibitions and public demonstrations. Two diagrams explaining
the setup are shown: Fig. 5-34 has only the cassette machine as the
input, and Fig. 5-31 can be used when other TV channels must be
included with the cassette.

The gain of the amplifier is set so that the input to the TV sets
will be about 0 level. With just the cassette machine this is easy to
achieve, but with the other TV channels either a strip amplifier or
an attenuator may be needed. The main point to remember when
setting up such a systemis to have the TV sets the same “distance”
from the output of the amplifier so that they all receive the same RF
level.

An existing system using strip amplifiers. This is shown
in Fig. 5-35. Note that each amplifier has an individual input, and
the outputs are connected in a “loop-through” mode. One end is
terminated, and the other feeds the system. The strip amplifier

USE SPLITTERS
AS NECESSARY
TOFEED THE
SYSTEM

CASSETTE BROADBAND
MACHINE AMPLIFIER
O O AN~ 9

VHF QUT IN @OUT

Fig. 5-34. Temporary setup with broadband amplifier.
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Fig. 5-35. Strip amplifier setup with antennas.

with the cassette input is just added to the existing system, and the
gain control on the amplifier is adjusted so that its output matches
the others. An easy way to measure the gain of level of each
channel is to introduce a splitter as shown in Fig. 5-36 and to
connect the FSM to the extra output. This will give a level drop of
about 3 dB in the main system, but this will not cause any trouble at
the antenna terminals if the level is sufficient in the first place.

TOCASSETTE
VHF OUT TO ANTENNAS AS PREVIOUSLY SHOWN

[} (5 é) 6
oD I 4D o
\ OUTPUTS
CHANNEL 30R LOOPED
TERM CHANNEL 4

STRIP
AMP

TWO-WAY
SPLITTER
INTRODUCED

TOSYSTEM

FIELD
STRENGTH
METER

Fig. 5-36. Strip amplifier set up with VC added.
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Fig. 5-37. TV modulator (courtesy of Jerrold).

Playback into an RF or TV Modulator. In many MATV
and CATV systems provision is made for the introduction of
program material from a local source, such as a camera or a VTR,
which does not have an RF output. Sometimes, even if an RF
output is available, it is necessary or desirable to closely control
the level of the output before it is added to the system. In both
these cases the video and audio outputs are fed into a “modulator.”
This is a small TV transmitter, the output of which canbe set to a
desired level and then fed into a system. The audio and video input
levels can be controlled and so can the amount they are allowed to
modulate the RF carrier. The advantage of this system is that the
channel can be chosen by the system designer, and all the
necessary levels can be set to give an optimum picture and sound
within the system. A meter is often provided on the modulator to
indicate the video and audio levels, and the output RF level is set
with an FSM. Figure 5-37 shows a commonly used modulator.
They work on one preselected channel only, and the channel cannot
be changed; if another channel is desired, then another modulator
is necessary.

A common mistake here is to select the same channel on the
TV set as selected on the Betamax or Umatic tuner. Thisis wrong.

TOVHF TV MONITOR
CRIENIS VIDEO OUTO OVIDEO N
VHF
AUDIO
TRANSFORMER e & —OAUDIOIN
—'EF\OUHF ouT o
TO UHF
CASSETTE VHF OUT
ANTENNAL  \MACHINE |—| K%ANT
TRANSFORMER TV

Fig. 5-38. Antennarecord with direct connections to VC.
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Fig. 5-39. Antenna record with connectionto TV and thento VC.

The TV set tuner is set to Channel 3 or Channel 4—depending
on which is selected by the switch at the rear of the cassette
machine, or which RF unit has been supplied for your area.

The actual station received off-air is selected ONLY by the
Betamax or U-matic tuner.

Recording TV Programs. There are three basic ways of
recording TV programs as shown below.

® Direct antenna connection to the cassette machine.
The VHF and the UHF antenna are connected to the inputs to the
machine, and the RF or VHF output of the machine is connected to
the TV antenna terminals. (Alternatively the video out and the
audio line out can be connected to the inputs of a monitor.)

*
VHF ANTENNA
0

CASSETTE v ouT
MACHINE

TO ANTENNA

TRANSFORMER

TWO-WAY
SPLITTER

TWO-WAY SPLITTER

USED TO COMBINE
SIGNALS

O

ANTENNA
TRANSFORMER

TVSET

Fig. 5-40. Record and view separate channels.
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Fig. 5-41. RF copying.

The TV set is tuned to the channel selected by the cassette
machine RF switch, and the required TV channel is tuned in the
normal manner using the tuner on the cassette machine. The fine
tuning ring is adjusted to obtain a peak reading on the tuning meter,
and the picture is observed on the TV set or monitor. Often it is
best to offtune the fine tuning ring so that the tuning meter is
slightly away from its peak. This avoids interference beats
between the audio and the color and removes any “herringbone” or
“moire” pattern from the screen. Once optimum tuning has been
achieved recording can begin. Figure 5-38 shows this setup.

® Antenna to TV set, 8-pin to the cassette machine.
The antenna is connected to the TV set in the normal manner, and
the TV is tuned in the normal manner. An 8-pin cable is then
connected between the set and the cassette machine as described
previously.

PLAYBACK O———— O VHF ANTENNA

CASSETTE VHF OUT O LINE VHF

MACHINE VIDEOOUT OUT OuT
RECORDING 9 9

CASSETTE MACHINE

v VIDEO AUDIO|
MONITOR|y ™ jn O
ANTENNAC]

Fig. 5-42. RF copying.
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@ Antenna to TV set, with separate connections to the
cassette machine. This is the same as above, but separate audio
and video connections are made between the TV set and the
machine. See Fig. 5-39.

Recording From a CATV System. This is exactly as
described above, but with two minor exceptions. First, all CATV
systems are VHF only and a UHF connection is not required. Any
UHF stations which are carried have been converted down to an
unused VHF channel. Second,the CATYV line will be 75}, and so
the transformer with it must be retained when changing from the
TV set to the cassette machine.

Do not connect any cassette outputs to the incoming CATV
line.

OFF AIR Recording of One Program While Viewing
Another. This may not be possible with all models, so the
operator’'s manual should be checked first. A typical setup for this
is shown in Fig. 5-40. Note first that the antenna connections are
made to both the cassette machine and to the TV set, and the
antenna connection to the TV set is combined through a splitter
with the RF output of the cassette machine.

The TV is set to the channel required to view the output of the
cassette machine. The machine is then tuned into the desired
program for recording while viewing the TV set. When recording
has started the TV set is retuned to the second channel one desires
to watch. After recording, playback can occur as previously
described.

Note here also that the cassette machine tuner and the TV
tuner are on different stations. Again, it is wrong to have both
tuners on the same station.

Use of RF Connections for Copying. A normal RF playback

into the antenna terminals of a TV set provides a method of copying
a tape. The cassette is played back into the TV set via the RF
output and antenna terminals, as described, and the audio and video
outputs of the TV monitor are connected to the input of another
cassette machine or VTR. The TV set is tuned just as normal, and
the recording is conducted in a normal manner. If the set is tuned
correctly this can provide satisfactory copies of a tape. An
alternative method is to connect the RF output of one cassette
machine to the antenna terminals of the second and then to use the
internal TV tuner to receive the signal. Simultaneous viewing can
be made at the output of the recording machine. Both systems are
showninFigs. 5-41 and 5-42.
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6
Cuing and Editing D 00

Cuing and editing are among the most important operations
undertaken with a videotape recorder, and they present the
greatest difficulties when using videocassette machines. At first
sight these seem easy procedures, merely requiring the selection
of some point in the program to be used as a start or as a place to
change over to new video information. Although the production
decisions about these points are fairly easy to make, implementing
them is not so easy, especially when some or all of the material is
onprerecorded tapes.

The operations required to put together a complete program
on a tape require considerable operational and technical skill, and
the open-reel machines are ideally suited to such operations. With
the videocassettes the situation is very different. These are
basically post production machines which were designed as
enclosed tape systems to be used mainly for playbacks in
nonproduction areas. They are at their operational worst when
used as advanced production machines in the areas of editing and
program assembly. However, many establishments have gone into
video at the cassette level and are finding that copying as well as
cued playbacks and editing are required; and they are experiencing
the operational difficulties associated with these modes.

This chapter is devoted to explaining the nature of these
difficulties and presenting procedures to circumvent them.

Cuing is discussed first because it is essential to both editing
and copying, with practical examples used as illustrations of the
situations found in practice. Editing is covered next, with the
mechanical details of the machines which are pertinent to under-
standing editing described first, and again typical situations are
used to explain the operational principles and to show how cuing is
effected in practice.

After this, the problem of editing with the cassette machines
is covered, concentrating on the operational procedures and the
limitations imposed by the nature of the cassette system and
showing how to work within these limitations.
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The chapter concludes with a brief introduction to the
specialized equipment becoming available to facilitate cassette
editing operations.

CUING

The word “cue” comes from the theater, where its meaningis
well known. With the advent of radio and TV the cue was still used
in the same way, but it took on a wider meaning because it was now
possible to take cues from prerecorded material.

Two approaches to cuing are required in the TV studio, where
many programs are built by recording one section at a time. The
first approach concerns the studio artist, who begins an action or
speech by taking a cue from the end of the previously recorded
section. The second is where the technical staff use the cues to
perform the necessary functions such as starting the machines or
pushing the record and edit buttons. It is in these technical aspects
of cuing that the difficulties arise. These involve setting up the
machines and starting them at precise times so that the audio and
video will be ready for use at a later time. In many cases this is not
easy to accomplish, and much thought, planning, and rehearsal
often are required to get the correct timing of the tapes. This is
especially true when editing is required, and it becomes especially
difficult with the cassette machines.

There are five basic situations which exist in practice, each
differing in complexity and difficulty. The first of three are
relatively easy to achieve; the main problems lie with the last two,
which form many of the situations found in studios today.

The operational difficulties are based on one simple fact:
Although an artist can wait until a cue and then begin his action or
speech, this cannot be realized with a videotape machine. It takes a
definite amount of time for a machine to run up to speed and to
stabilize its picture, and this run-up time must be considered when
using a tape machine. This produces several operational problems
and difficulties of a technical nature.

Simple Playbackfor Viewing Purposes

This is the simplest of the modes in which cuing must be
considered. The exact start time of the program on the tape is not
important. What is required is that the machine runs up and
stabilizes in as short a time as possible so that there is little delay
or waiting in the start after command to begin has been given. This
means the tape must be set up at some time prior to the start of the
video and then started on cue,
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If the starting point for viewing is at some point within the
program material on the tape rather than at the beginning, it can
create some difficulty in setting up the tape prior to playback, but it
still does not present a critical situation.

Studio Recording

When a program is being assembled in sections with a live
artist in the studio, the tape is played up to the point where the
artist must begin the new section. He is cued, and simultaneously
the edit button is pressed. Provided the artist is aware the tape is
running, he can be ready for the cue, which can be by hand or taken
from watching a monitor.

Both of the above modes are easy with open reel and cassette
machines.

Playback of a Tape for ON AIR Transmission

In this case the program on the tape must begin at an exact
moment in time, and so the tape must be set up much more
accurately. The tape must be left stationary at some point so that
when it is started on a cue, the run-up time to the beginning of the
video is known exactly. In this way the program will begin at an
exact moment. The problem here is to choose the point on the tape
at which it will rest until required, and this involves knowing how
long it takes for the machine to start and then stabilize.

With practice this operation can be perfected with both open
reel and cassette machines.

Playback for Copying

In this mode both the record ard the playback machines must
be allowed to come up to speed before the copying can start, so
both tapes must be started some time prior to the beginning of the
playback video. However, the actual start time is not important, in
contrast to the above case.

If a straight copy of a whole tape is required, this presents no
problems. Both tapes are just started and, provided enough run-up
time has been allowed, a good copy will result. If only a sectionis to
be copied and this starts in the middle of the playback tape, then
some difficulty can be experienced in setting up the playback tape
and in choosing the right moment to initiate the record mode. Often
this cannot be done with just two machines, and a studio
switcher-fader is required.

Playback for Editing
This is similar to the playback for an on air case, because the
actual start time of the video is now very important. It requires
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much more critical operation than the previous situations, and this
is where most of the operational troubles lie.

This situation is not easy to achieve, and it requires careful
thought and planning in its execution. It reaches its most difficult
stage with a program being assembled from prerecorded sections
of tape and is typical of many copying and editing situations in
studios today.

Cuing is very important in all VTR operations, and the user of
cassette machines soon finds the need for these modes. These
techniques must be thoroughly mastered if full use of studio and
cassette machines is to be enjoyed. With cassette machines certain
operational difficulties exist which are not found with the other
machines, and these make the operations much more complex,
uncertain, and time-consuming. The actual cuing techniques are
closely allied to the editing operations, where they are required
most often; and this is where they are covered.

PRINCIPLES OF VIDEOTAPE EDITING

Videotape editing falls into three main modes, assembly and
insert with audio dub, a subsidiary mode provided so that audio
can be added to make a cohesive program from a series of
assembled video sections. These three modes are described
briefly in this section, followed by a discussion on editing
machines. Then the operational aspects of editing are described.

Editing Modes

® Assembly editing. This is recording a section of video
onto the end of video already on the main program tape. When this
new section is put onto the tape, the material in front of it is never
returned to, except in playback. Once a new section has been
added, further sections can be similarly added to make a complete
program. On playback of the completed tape, it should look like a
smooth program from a studio.

To perform assembly edits the tape is played until the “cut-in”
point is reached, and then the edit button is pressed. This changes
the machine over from the playback mode to the record mode,
and from that point a normal recording takes place. At the end of the
section the machine is stopped just as with a normal recording. On
playing back the tape the cut-in should look like a normal camera
cut, and the end should be followed by a section of blank tape with
noise.

Figure 6-1 is a representation of an assembly edit on tape,
where it can be seen that the noise is due to the erased section of
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tape which was not yet recorded upon when the stop button was
used.

® Insert editing. This is the most difficult mode of editing,
but it is becoming more available on machines.

Insert editing is the placing of a section of new video into a
program, and at the end of the new material the original program is
returned to. This introduces several operational difficulties and
requires certain interior differences in the machines. Because the
original material on the tape will be returned to, the tape must at all
times remain in perfect step with the incoming video (see the
section on servos), and this necessitates the internal electronic
changes. The most important operational difference is that a new
control track is not recorded onto the tape; the original is
preserved, and the erase heads are energized differently to allow a
smooth “cutout” and a return to the original material on the tape.
Figure 6-2 shows how an insert is arranged on the tape.

® Audio dub. This is the provision of adding audio to the
video already on the tape. It is covered fully in a later section.

Editing Machines

Before the operational aspects of editing are covered, it is
important to discuss three points about the machines which must
be understood. These are mechanical and electronic considera-
tions which have a great affect on the operations.

® Servo lockup. All videotape machines have servo circuits
to control the rotating heads and the capstan, and these are
explained in more detail in Chapter 10, Their operational impor-
tance is that they must be given time to stabilize before the
machine can either record or play back a videopicture.

In the record mode the servos must “lock up” to the sync
pulses of the incoming video signal, and this must be a completely
stable signal. In a copying or editing situation this incoming signal
is the playback video from the playback machine, and thus the

UNRECORDED TAPE TRAVEL

TAPE OXIDE VIEW
MAIN
ERASED ASSEMBLED
OR ORIGINAL
TAPE SECTION
PROGRAM

Fig. 6-1. Assembly edit on tape.
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Fig.6-2. Insertediton tape.

playback machine must be fully up to speed and stabilized before its
signal can be used and copied.

Hence in an edit or copying session all machines must be
allowed to run up and stabilize before they can be satisfactorily
used, and this means that a “run-up” time is required at the
beginning of each tape. If insufficient time is allowed for the
machine to stabilize, then although a picture may be seen on a
monitor, it will probably not be stable enough for the servos of the
record machine to lock onto, and on playback the opening of the
tape will not be stable and picture tearing and rolling will be seen.
Further copying of this tape will only make matters worse. At least
10 seconds should be allowed for this run-up time with any VTR,
and this is especially true with the cassette machines, where the
auto threading must be considered.

An important technical and operational point is that both the
record and playback machines can stabilize on a black signal. This
has no video, but it does have sync pulses. This enables both
machines to lock up and become stable without any picture actually
being viewed on the screen. This introduces certain operational
difficulties, but it solves several technical problems.

® Audio offset. Figure 6-3 shows the layout of the heads in a
cassette machine, and Fig. 6-4 shows the positions of time
coincident points on a tape. The offset of the erase and audio from
the video can be easily seen.

The operational problem this produces concerns the section of
tape marked AE. If these represent the points where new video is
edited onto the tape, then the new audio begins at point A and the
old audio is erased from point E. The section AE is recorded over
without being erased and so could contain a double audio. The only
way to avoid this is to have about 10 seconds of silence at the end of
every section put onto the tape. Some machines obviate this with
the audio turning on at a slightly different time than the control
track and the video.
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Fig. 6-3. Head layout.

® The erase heads. The positions and use of the erase heads
differ, depending upon the editing mode used.

In an assemble edit the full erase head wipes the tape clean
and the rotating heads record new video tracks, as shown in Fig.
6-5. The section of the tape VWEF is not erased and is recorded
over twice by the video heads. In many cases the video current is
sufficient to impress the new video over the old with no problems,
and in some machines extra video current is applied for about 3
seconds. At the end of the assembly section the stop button cuts all
current to all the heads, thus ending the recording mode.

This could leave a section of tape in AE which hasno video, no
control track, and no audio. To prevent this from causing problems
when the next section is added, the audio and control tracks can be
timed to start and stop after a slight delay. Another successful
technique is to reposition the audio erase heads in the same block
or head as the audio heads. The various models tend to differ in
what has been done, and each must be examined separately. If any

TAPE TRAVEL
———— .
OXIDE VIEW

Azl
Al

ERASE CONTROL CONTROL
VIDEO, A2HERE; AND BOTH AUDIO
A1DEPENDS ON MACHINE RECORDED HERE

Fig. 6-4. Time coincident points on tape.
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Fig. 6-5. New video tracks.

doubt exists, then a few experiments should be tried, and 10
seconds of silent black should always be usedin productions.

With insert editing the situation is a little different. The cut in
has to be just as definite as with the assembly mode, but the cut out
also must be just as clean. To effect this the machines that have the
insert mode have a “flying-erase head.” This is similar to the
rotating video heads, and itis mountedin the drum just ahead of the
record heads, and it is mounted in the drum just ahead of the record
heads. At the cut-in point it is fed erase current, and it wipes only
the video track which is about to be recorded upon. At the cut-out
point it is shut off, and the next video tracks are not touched. The
main erase head is not used in this mode, and so the control track is
untouched. A separate erase head is still required for both audio
tracks.

Operationally the insert mode is very attractive, but it has one
subtlety which can cause serious problems. In the insert mode a
new control track is not recorded. So if it is used, then there must
already by a control track on the tape. This means that the tape
must have something already recorded on it—even if it is only
silent black. Often, to obviate difficulties, it is worthwhile to
record silent black along the whole length of the tape; this lays
down a control track which will keep the servos locked up and will
prevent serious editing problems and picture tearing and mistrack-
ing.

OPERATIONAL PROCEDURES IN EDITING

A serious problem is encountered when there is no signal on

the playback tape prior to the start of the required program
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material or if there is no signal too soon after the end of the
material. This means that there is no sync signal or control track
for the machine servos to lock up to, and this can ruin any attempt at
copying or editing. For this reason the following operational
procedure is advisedinall cases.

All video that is intended for further use of any kind should
have at least 30 seconds of silent black at both the beginning and the
end.

This ensures a stable sync signal and control track and also
obviates the problems due to audio offset and erase head positions.

Assemble Editing

This is a simple procedure which can be very easily learned.
The program tape is merely played up to the point where the new
material is required and the EDIT button is pushed. The only
operational problem is ensuring that the tapes are in synchroniza-
tion so that the new material begins at the correct time in the
program. There are three main sources of providing new material,
as describedin the following sections.

@ Studio. This is a most common situation, and almost all
programs from a TV studio are put together in this way. The
opening of the program is recorded onto the tape, and the action
continues until a convenient stopping point or until a mistake
occurs. The tape is then rewound to a convenient point and
replayed. At the decided upon edit point the edit button is pressed
and the studio cast continues its action. A simple setup of
equipment is shown in Fig. 6-6. If possible the artists in the studio
should be allowed to see a monitor so that they can judge their start
point. In all cases the studio talent should be instructed to remain
silent after any stop and also to keep quiet until they are cued to
commence. In this way audio problems will be avoided at the edit
point.

@ Another videotape machine. Assembling prerecorded
sections from different tapes into a complete program is a regular
undertakingina TV studio and is something all operators should be
able to do. The main problem now encountered is ensuring the
video from the playback tape starts at the correct time, and this is
best performed with the following procedure and the equipment
shownin Fig. 6-7.

The point on the playback tape which represents the start of
the program material to be added to the main program is
determined, and this is labeled Cue 1. A point about 10 seconds
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before this is determined and is labeled Cue 2. The entry point for
the new video is found on the main program, and this is called Cue
3. It is now necessary to determine Cue 4; this is the point in the
main program where the main tape will be left stationary, and this
point is about 8 seconds before Cue 3. The main tape is set up at
Cue4 and left.

The playback tape is now started from a point about 30
seconds before Cue 1. When Cue 2 appears the main program tape
is started. This tape now locks up to the stable video incoming from
the playback tape, and if Cue 4 has been correctly chosen, then
Cues 1 and 3 will be coincident in time. If they are, then the tapes
arereset, the procedure is repeated, and the edit is made.

If this time coincidence does not occur, then a further trial is
made with a new Cue 4. The operational difficulty is choosing the
cue points so that the machines have time to run up and stabilize
and then be in exact synchronism so that the cutover can be made.

To successfully achieve this timing the run-up times of the
machines must be known, and it must be possible to reset the tapes
with minor adjustments if the first run is incorrect. It usually
requires a few practice runs to get the synchronization right, and
this means some trial-and-error adjusting of the cue points. This

MONITOR IN
SETTERMTO LOOP THROUGH
OFF OR HIGH N | MODE
CAMERA 7 RECORD MACHINE
VIDEO
ouT VIDEO IN
3= AUX IN
@ AUDIO AND
sTupio MIC VIDEO
TALENT OIUTPUTS

TV MONITOR WITH SPEAKER
INSTUDIO WITH ARTIST

Fig. 6-6. Studio editing setup.
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adjusting often can be done with the aid of the tape counter and by
adjusting the reels by hand.

For many purposes this method produces good, reliable edits
and copies of program tapes.

Figure 6-8 illustrates the cues on the tapes.

A variation of this simple procedure is to reverse the tapes and
the cues so that the main program tape is run from a point 30
seconds back and the playback tape is left stationary. This can work
well, but it often does not give time for the record machine servos
to adjust and stabilize to the incoming playback video, hence longer
run-up times are needed—usually about 15 to 20 seconds.

® A film chain. This is midway between the previous two
cases. The camera is sending out a silent black signal to which the
VTR machine can lock up, but the action has not started, so it
resembles a studio setup. It is akin to the VTR copy in that a run-up
time for the film is required and must be cued correctly.
Operationally it is similar to the above case, but a much smaller
run-up time can be tolerated with the film chain than with a
playback tape.

Insert Editing

Insert editing is more difficult to accomplish than assembly
editing and, as much as possible, is a mode to be avoided,
especially with cassettes.

® Studio. To have an artist or performer in a studio record an
insert into a tape, the person must know exactly what is required

MONITOR
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OFF OR HIGH

VIDEO
lpLavBACK  OUT VIDEOIN - o comp
MACHINE  AUDIO AUXIN  MACHINE
ouT
VIDEO AND AUDIO
TO TVMONITOR
TV MONITOR

Fig. 6-7. Tape editing.
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Fig. 6-9. Audio erase head position.

then the pause button. If the audio dub button is now pressed,
this mode will be initiated when the pause is released.

At all times care must be exercised when using this mode. Itis
very easy to clip the beginning and end of the audio, and it also is
easy to get a period of double audio. If audio dubbing is envisaged,
then at least 10 seconds of silence should precede and follow every
section of video recorded into the tape. If a microphone is used for
the audio source to be dubbed, then it must not be placed too close
to the speaker, which may be playing back the tape for cues.
Because Channel 2 audio is not erased in this mode, sections ofit
can be copied onto Channel 1if required.

CUING AND EDITING WITH VIDEOCASSETTES

The previously described principles of editing and copying
cuing are fairly simple to achieve with the open reel machines and
are common operations in any studio. With the spread of the
cassette machines these capabilities of editing and cuing have

CONTROL TRACK HEAD| I COMBINATION CONTROL
AND AUDIO RECORD AND
PLAY HEADS. INCLUDING

CHANNEL 2 AUDIO m CHANNEL 1 ERASE HEAD
CHANNEL 1 AUDIO| T 13 |CHANNEL 1ERASE

MAIN ERASE SECTION MAIN ERASE HEAD

CHANNEL 1 AUDIO
ERASE SECTION | 13

Fig.6-10. Audio erase head position.
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remained just as important, and several machines now available are
manufactured with either an assemble or insert capability.
However, due to their design there are certain inherent
operational disadvantages which make these two modes very
difficult to achieve. There are three mainreasons why this is so:

1. When the stop key is used the tape retracts back into the
cassette and rewinds for a few seconds, so the cue point is lost.
Because this short rewind is not the same for different times in the
tape, itis impossible to rely upon the tape tobe cued.

2. The tape reels are not accessible for minor adjustments by
hand, so the cue points cannot be refined or adjusted.

3. There is no video or audio during the run-up time. These
are muted until the tape is up to speed.

If some lack of precision in the actual start of the added
material can be tolerated, then this inexact setup method can be
used. It is absolutely useless for exact cuing, such as for a
commercial to be played on air, or to provide the next video
sectioninan assembly edit.

Video cassettes are not made for this type of work, and this
must be realized by the user. If the cassette machines are required
to perform these types of operations, then certain extra operational
facilities must be built in or the machine must be modified to accept
them.

The most often required modifications to the cassette
machines are as follows:

® A pause control—This stops both the tape transport and
the rotating heads without retracting the tape back into the
cassette. This is an easy modification to incorporate into machines
which do not have it as an original feature. With the one-reel
cartridge machines, the stop control does not cause tape retraction
and is in effect a pause control.

® A still frame control—In this the tape transport is stopped
but the heads are allowed to rotate, thus producing a still frame
picture on the screen. This is the most desirable condition, and it is
found on many open reel machines. Due to the peculiar mechanical
construction, it is very difficult to incorporate in the cassette
machines and virtually impossible to effect as a modification.

@ Video and audio suppress until the program start
point—All cassette machines have an audio and video mute during
runup as part of their normal circuits, but there is no provision for
keeping these from the outputs until required. It is easy to modify
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the audio for this but impossible to modify the video because this
also would suppress the much needed sync signals. To effect this it
is best touse a studio switcher-fader.

® Demute the audio for cuing—This would allow pre-
recorded cues on the unused track to be used, especially in the
silent black period.

Of these modifications the most essential is the pause
control. With this, most of the editing and cuing operations can be
achieved, although care is still needed in its use. The pause control
provides the ability to stop and start the machine on an exact cue.
Once this has been done, the cue point should be checked ina trial
run to see if it is correct. If it is not, then the only way toadjust it is
to play back the tape and stop it at some other point and try that. It
is impossible to wind one of the reels backward or forward a few
turns by hand as with the openreel machines.

Accurate cuing points can be set up with the cassette
machines, but often the procedure is time-consuming and tedious.

To make the cuing process with the cassette easier, certain
procedures should be adopted at all times.

® About 30 seconds of silent black should be on the front of
every section of video. This is especially important if these
sections have no video prior to the program entry point.

® About 30 seconds of silent black also should be at the end of
every section.

® Recording countdown cues on the second audio track is
useful in establishing when the opening video point is about to
arrive. A point is chosen about 30 seconds ahead of the start, and
the audio dub mode is used. Seconds are just counted off, starting at
1 and continuing until after the video arrives. It does not matter
which number coincides with the video—it is just remembered and
used as the cue. These can be heard over phones on playback.

® Using the counter to assess the position of the tape and the
runup time is useful, but it is not always accurate. It can be used
provided it is checked for each place in the tape. Some machines
are provided with very accurate resettable counters, which can be
used quite successfully.

Umatic Editing Systems

An editing system consists of two machines connected to and
controlled by a remote editing panel. With such a set-up it is
possible to perform video assemble and insert edits on a normal
cassette with any combination of video and audio tracks. All editing
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systems use the Type-2 tape transport, as only this type has the
necessary stability.

The earliest of these systems was the Sony RM-400 Control
panel with two VO-2850 machines. As this is a very easy and very
popular system its operation is worth covering briefly. Figure 6-11
shows a block diagram of the system, and Fig. 6-12 is a photograph
of the items.

The RM 400 control panel is divided into three sections. The
two outside sections are control panels which will completely
control each of the cassette machines, and the central panel
controls and performs the editing. In operation each machine is
treated independently of the other. First the counter memory is
cleared by pressing the record button on the slave machine, and
this sets up an E-E picture. It is now possible to set up the master
tape. Note the terminology used: the master tape is the playback
tape, and the slave tape is the tape onto which the final program is
recorded. The master tape is played up to the point where the
video is required to be inserted onto or added to the main program,
and then the pause button is pressed. This sets the counter to 000.
The pre roll button is now used and this rewinds the tape for about

LOOP THROUGH|TV MONITOR TV MONITOR
CONNECTIIONS
TERM ON
TERM OFF L— 4 -
O O S
VIDEO OUT |20-PIN  20-PIN[VIDEOIN VIDEO OUT
PLAYBACKOR || RECORD OR
MASTER SLAVE
VO 2850 VO 2850
NOTE: AUDIO CONNECTIONS
HAVE NOT BEEN 20-PIN
SHOWN M
| — RM 400 REMOTE
EDITING CONTROL
PANEL

Fig. 6-11.V02850 setup.
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10 seconds and then plays the tape until it is 5 seconds before the
000 point. The tape is then parked at this point.

The slave or recording tape is now treated in the same way,
using the controls for this machine, and it also is left parked 5
seconds before the program cut-in point. Both standby lights are
now on, indicating that the machines are ready for the edit. Both of
these setup points can be found easily by using the search button,
whichrolls the tape at one-fifth its normal speed.

If an assembly edit is required, then the assemble buttonin
the center panel is pressed and the wider start button is used to
commence the function. The machines now both roll simultane-
ously, and the control circuits in the RM400 make the edit at the
correct time.

Either machine can be displayed on the counter, but it is best
is display the master or playback tape because its control track is
counted on the playback; it is impossible to count the control track
of the other machine because it is recording. This procedure aids in
resetting the tapes if the edit was not properly made.

The insert mode is conducted similarly, but the slave
machine is monitored on the counter instead. In the insert mode,
the cutout button can be used to end the inserted video whenever
desired, and it is possible to cut back in with another insert and cut
out again as many times as desired.

By using two monitors the edit points can be viewed
accurately and the video from both machines can be seen. Note that
the video and audio connections must be made because normally
they are not routed through the remote control panels.

The counter will indicate times from 59.9 seconds before to
59.9 seconds after the edit point, and this allows ample time for

Fig. 6-12. Two V02850’s and RM400 (courtesy of Sony).
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adjustments of the edit point. The edits are made to within an
accuracy of 0.2 seconds. It connects to the RM400 panel via a
15-foot length of cable which has a 20-pin connector on the end.
This cable also carries the power to the RM400.

The 400 weighs 7.7 1b, is approximately 16 x 8 x 2 in. and
consumes 6.5 W of power. It is built entirely of ICs, and the display
isof LEDs.

A single V02850 can be used as a recording machine to
assemble a program from a studio camera or from another type of
tape machine, and a typical setup is illustrated in Fig. 6-13. To
enable only one operator to control both the camera and the
cassette machine, an RM410 remote control panel can be used.
This has the same layout and functions as the deck and will control
all the functions of tape motion and editing. This connects to the
machine with a 15-foot cable and uses the same 20-pin plug as
before. It weighs only 31b 10 0z and is about 6 x 6 x 1%z in.

Although this first system is adequate for most industrial and
educational purposes, the broadcast industry requires much more
accurate editing facilities. To accomodate the broadcast industry
the BVU-200 series of machines was developed, and several editor
control panels have been introduced to work with these and other
machines. The Sony BVE-500 series is an example of editors that
are designed to work only with the BVU-200 series of machines.
Figure 6-14 is a photograph of one of these. This unit contains all
the remote controls for the record and playback machines, plus a
panel which allows edit points to be selected, displayed and
memorized. It will then control both machines and will preview the
edit, then perform the edit and afterwords will review the edit.

An example of an editor made to work with a variety of
machines is the Convergence Corporation ECS-103, shown in Fig.
6-15. This editor is typical of those which can perform the most
complex operations. The desired operations, such as cut-in,
cut-out, etc. can be programmed and memorized, and the whole
sequence of operations controlled by a microprocessor. Oftena TV
monitor will be used as a display for the in and out times.

Some editor panels use push buttons to control the tape
motion, and speeds ranging from 1/20th to twice normal inreverse
and forward are quite common. Other editors use a joystick or
rotary control knob to give continuous speed variation or incre-
mental speed jumps.

The facilities available on modern editors vary considerably,
and care should be taken when using these with the various models
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Fig. 6-13. Single V02850 setup.

of cassette machines. Many editors require that the machine be
sent to the manufacturer for modification. The actual details on
performance and operation are also best obtained directly from the
manufacturer because their capabilities tend to differ considerably.
A further complication is that some different models of cassette
machines require slightly different modifications.

In general, the editors are for the more expensive Umatic
machines, although the industrial Betamax models can also be
remote controlled. The main use for editors is in TV news,
production houses, and industrial and educational studios. They
are not generally considered a consumer item for home use at this
time.

The internal circuitry and construction of these editors is
quite complex and is a subject initself.

The Digital Audio Units

One of the recent innovations in TV has been the digitizing of
both the audio and the video signal, and performing signal
correction and processing on the digitized version. Much work has
also gone into recording these digital signals on tape.
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The technical limitations and drawbacks of the conventional
analogue tape machine are well known, and it has been shown that
these disadvantages can be overcome by using a digitized audio
signal on tape. Although several high quality professional digital
machines have been produced (BBC, 3M, Mitsubishi) these are
very expensive and are currently beyond the means of the average
consumer.

An interesting application of this idea is the two digital audio
units or adaptors, produced by Sony, which permit a digitized
stereo audio signal to be recorded on a standard unmodified VTR.
Two models have been produced. One is for consumer use with a
Betamax or similar VTR, and the other is for professional studio
use with a Umatic or other broadcast machine.

These two adaptors digitize the audio signal and then convert
it to a ‘psuedo video’ signal which can be recorded on a normal
VTR. Both are low cost items which plug into the VTR, and thus
leave the VTR still available for recording TV programs. They also
make it possible to use existing TV facilities for transmitting high
quality stereo audio over a normal TV channel.

Both units can record and playback the original audio signal
with no errors. Both also eliminate the narrow dynamic range,
limited frequency response and poor signal-to-noise ratio of the
standard audio machine. Wow and flutter are so low they cannot be
measured and distortion and print through are completely absent.
The size and cost are both such that they can be considered for
serious consumer use as well as in the professional studio.
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Fig. 6-15. Convergence corp. videotape editor.

Introduction to A-D Conversion. An analog signal is one
which is continuously varying and has an infinite number of levels
between its highest and lowest levels. The information is con-
tained in the different voltage levels, and in the manner in which
the signal changes from one level to another. The familiar audio
electrical signal is a typical analog signal.

Analog signals have several advantages and disadvantages.
Typical disadvantages are their low bandwidth and the ability to
assume any level. Typical disadvantages are that the dynamic
range is often limited, distortion is present, and the signal to noise
ratiois oftennot as good as desired.

Digital signals, such as those found in computers and much
industrial control equipment, have only two levels - high and low -
or ON and OFF. One of the main advantages of digital over analog
signals is they can be transmitted and amplified many times
without the introduction of severe distortion, as the distortion can
be easily removed see Fig. 6-16. The main disadvantage is the
much wider bandwidth.

Table 6-1 compares typical specifications for professional
studio analog and digital audio recorders.

Audio signals are now digitized and transmitted in several
professional applications. For example, many long distance tele-
phone calls are carried digitally, and the BBC in Britain is using
‘sound in syncs’ for interstudio distribution of program audio. Also,
several professional digital audio recorders have been announced
(BBC, 3M, Matsushita).
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A/D Conversion. To convert an analog signal to digital it is
sampled by a series of pulses, as in Fig. 6-17. This produces a
‘pulse amplitude modulated or PAM waveform. The amplitude of
each PAM pulse is now compared to a series of reference voltage
levels in a ‘quantiser’ (which is several comparator circuits). The
bits in this output represent the amplitude of each separate sample
pulse in the PAM. These bits are produced simultaneously and can
be recorded on a separate channel on a tape. In this example only 4
levels are used and only 4 bits are produced. As all of these bits
cannot be transmitted over a line or radio link simultaneously, they
are fed into a serial-to-parallel (s-p) converter to produce a serial
output that can be transmitted.

If a signal is to be quantized into many levels instead of just a
few, then a different a/d method is used. This performs the
conversion much faster and its output is usually in the form of
binary counting. Binary counting keeps the number of bits in the
digital word to a minimum for the number of levels used. The large
number of levels make it difficult to record the bits on tape in
separate tracks, so usually the serial output pulse trainis recorded
onto the tape.

The number of bits in the pulse train is related to the number
of levels by the equation:

levels =2V
Where N = number of bits.

An analog signal must be sampled at more than twice its
highest frequency if it is to be reproduced accurately when
reconstructed later. This is called the Nyquist condition. So the
number of samples transmitted over a line is equal to the number of
samples taken in the original, times the number of bits used in the
digital code:

transmitted frequency = No. of samples x Number of bits

A high quality audio signal must be sampled at about 30-40
Khz and needs about 13-16 bits to be faithfully represented. So the
resulting digital pulse train will have a frequency given by:

frequency = sample rate x number of bits
=40khz x 16
=480khz
The digital signal has a much wider bandwidth than the
original analog audio signal. Recording and playing back such
signals on tape can be achieved, but it does produce some problems
not found in the simple audio machine.
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Fig. 6-16. Improving a distorted digital signal.

D/A Conversion. The process of converting the digital train
of bits back into an audio signal or analog signal is very easy. The
serial pulse train is converted back to a parallel signal so that all the
bits appear simultaneously for each sample time. These are now all
applied to a resistive ladder, as in Fig. 6-18. The output of the
ladder is a step signal which takes on an analog value equal to the
quantized value of the original samples. A low pass filter removes
the high frequencies in the edges of the steps and produces a copy
of the original signal.

Digital Signal on Tape. To put a bandwidth of 500 KHz or
more onto a tape two things are required: a high writing speed and a
small head gap. Touse a head gap of 0.5 mil would require a tape or
writing speed of 500 ips. If a normal audio type machine were used,
then very large reels would be needed to hold the large amount of
tape required, and even then very little program time could be put
ononereel.

One way around this problem is to record the digital signal
from the quantizer on different channels, with a separate bit from
each sample on a separate channel. This reduces the speed and
conserves tape, and is the idea on which the recent digital studio
machines are based (however, the actual method used is a variation
of this idea). Another way to obtain the high writing speed for the
digital signal is to use a rotating head, as in a VTR. In fact, a VTR
canbe used.

Table 6-1. Comparison of Analog and Digital Audio Recorder Specifications.

Analog Digitai

Frequency Response 20Hz-16 Khz DC-20Khz
+or-3db =or—1db
S/Nratio 55db - 80db
Wow and Flutter 0.05t00.1% below the bounds
of measurement

Overall Distortion 0.5-2% 0.03%
Dynamic Range 65db 90db
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Fig. 6-17. Converting an analog signal to digital.

Using a VTR. A VTR can be used to record the serial train of
digital pulses which represent the audiosignal. It has the required
head gap, writing speed, and economy of tape. However, ina VTR
the heads cannot be allowed to rotate freely. They must be servo
controlled and referenced to the vertical sync interval of the TV
signal. Whenrecording a digital audio signal on a VTR, the vertical
and horizontal sync pulses must also be supplied. The digital audio
must be placed in groups of bits between the horizontal sync
pulses, with no pulses in the vertical interval. For this reason the
term ‘pseudo video signal’ is used. See Fig. 6-19. To arrange the
signal in this manner it is first fed into a digital memory and then
read out in a suitable manner.

For several reasons a simple digital code is not recorded onto
the tape. Several special codes are used, such as biphase, delta
modulation, NRZ, etc.

NRZ is simple to produce and playback, requires very simple
circuitry, and it is non self-clocking. Witha VTR anon self-clocking

= Fig. 6-18. Resistive ladder.

2R
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code can be used as the sync pulse and can provide the clocking. So
NRZ is used in the VTR type of digital audio machines. The NRZ
(non return to zero) digital code modulates the normal FM signal
which is put onto the tape.

Drop-Outs and Data Configuration. One of the main
problems with video tape is drop-outs. A very small drop out is
noticable on the small video tracks and so a compensator must be
used. In video the drop out compensator (DOC) replaces the signal
loss with a repeat of the previous horizontal line.

In digital audio a drop out results in missing bits and the errors
introduced into the signal are quite unacceptable since the effects
are very noticable to the ear. Replacing the lost information with a
repeat of the previous section of the signal does not work, andsoa
video type DOC cannot be used. Several very interesting ideas
have beenintroduced to overcome this problem.

To ensure that the lost signal can be regenerated four basic
ideas can be used:

@ Repeat the signal in another part of the tape. This wastes
tapes and there is no guarantee that another drop out will not lose
therepeated information.

@ An error detecting or even an error correcting code can be
added to the signal.

©® Adjacent digital words in the original signal are ‘scrambled’
when put onto the tape. That is normally adjacent words are not
recorded next to each other. This works because a small amount of
information can be regenerated by the method used in Item4.

® Regenerate lost information by interpolation. A lost bit or
word can be interpolated from the two which are normally adjacent

DIGITAL PULSES
HSYNC HSYNC
PULSE PULSE

Fig. 6-19. Digital pulsesin an active video line.
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to it. Hence, the reason for scrambling the signal on tape. It
prevents adjacent words being lost in the same drop out.

A combination of the second, thirdand fourth ideas are used.

When the digital words appear at the output of the A/D
converter they could immediately be put onto the tape. Instead,
they are put onto the tape in a different order so that drop out
compensation can be achieved. The data words from both stereo
audio channels are first fed into a memory and are then put onto the
tape in an ‘interleave’ system, where normally adjacent or
successive words are placed on different horizontal lines. As most
drop outs are less than 1/6 H lines in length this allows any missing
information to be regenerated by interpolation from its two
normally adjacent words, which are placed elsewhere on the tape
andare not lost in the same drop out.

In the simpler consumer units a check code is used to
ascertain if information is missing. In the professional units a more
complex interleave is used, with a full error correcting code. This
is a special code and not one of the standard computer codes.

Listening tests have shown that this is a satisfactory method.
However, if more than one successive word is lost, interpolating
more than 2 words or extrapolating several words does not work,
as the listening tests have alsoshown.

The Interleaving System. To use a data interleave system
the words must be put onto the tape in a well defined manner. To
make the circuits easy a whole number of words must be placed in
one horizontal line. To do this the NRZ code must have a definite
relationship to the H sync pulses, and so must the frequency of the
samples in the original analog signal. This means a careful choice of
master clock frequency, sampling frequency in the A/D converter,
the number of bits per word, and the number of words per
horizontal line.

When the information is put onto the tape the vertical interval
is included in a period of about 17.5 lines which contain no audio
data. This allows the vertical sync pulse and the head switching
points to be clear of interference and also allows edit codes, etc. to
be placed in the normal vertical interval.

This system of interleave is necessary as the drop outs are
very noticable and must be covered up. Deciding on how many
words per line, number of bits per word and how to interleave etc.
was a complex procedure since several conflicting requirements
had to be met. The amount of data put onto the tape is determined
by the overall characteristics of the tape system, such as writing
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speed, frequency response, wow and flutter, etc. This leads to two
slightly different systems for the Betamax type machines and the
Umatics. The consumer or Betamax type system is the simplest
and easiest, and is covered next.

The Consumer Digital Audio Adaptor. The high fre-
quency and other characteristics of the Betamax type machines
limit the quality of the audio which can be digitized and recorded
onto the tape. However, it does provide an audio quality consider-
ably better than the best analog audio machines on the consumer
market.

In this, the ‘B’ system, the digitized audio signal has 13 bits
per stereo channel, which are combined into a single 26 bit word.
Three words are placed in each horizontal line and each group of 3
is followed at the end of the line by a 16 bit check word. This is
called a ‘cyclic redundancy code’ (CRC) and is used to determine
where any errors may lie which occur in that line. The total number
of bits in each line is 94.

These words are put onto 245 lines. so a total of 735 words are
used in each field. Figure 6-20 shows the interleave system; the
numbers in each block represent the digital words to berecorded in
that field. Each field is divided into 8 interleave blocks; the first 7
contains 92 words and the 8th contains 91 words. The CRCis added
at the end of each horizontal line to detect the drop outs and this
allows a drop outs to be corrected by interpolation over a range of
46 words, or 15 H lines.

Figure 6-21 is a simplified block diagram of the recording
system. The two stereo audio channels have separate input
amplifiers, equalization, and sample and hold circuits to produce
the PAM. The PAM output is fed through an electronic switch and
the A/D converter is time shared by both channels. The A/D
output is fed into the memory circuit, which is a static RAM of 8K
bits. The bits are read out of the memory in the interleave order
and the CRC bits are then added. These now pass into the video
output amplifier where normal video sync is added and the final
‘pseudo video’ signal is fed to the input of the VTR, where itis FM
modulated and put onto the tape.

The electronic switch, A/D converter, memory read-in and
read-out, and video sync are all generated in the sync and pulse
generator circuit, which is controlled by the master clock.

Figure 6-22 is a simplified block diagram of the playback
circuit. The video signal from the VTR is amplifier, fed through a
sync separator, the CRC detector, and then into the main memory.
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The memory has two main outputs. One feeds the DA converter
where the bits are converted back into the audio signal. The other
path feeds the interpolation circuit, which forms the missing audio
caused by the drop outs. The complete signal is now fed to a switch
which separates the two stereo channels, and LPFs feed each
signal to separate output amplifiers. A master sync circuit controls
all the playback operations, and this is controlled by the playback
sync signal from the tape. The master clock has a frequency of
7.04896 Mhz. Dividing this by 160 produces the sampling fre-
quency of 44.056 Khz; and dividing the master frequency by 448
gives the horizontal frequency (15,734 Hz). The transmission rate
of the bits is 1.762238 Mbits/sec.

The Umatic or ‘A’ System. This is for use with the
professional machines, and is much more complex than the simple
consumer system. The main difference is that the higher frequency
response and greater tape stability of the Umatics allows a 16 bit
digitized audio signal to be used, and allows the bit density on tape
to be doubled. A much more complex interleave is used and a full
error correcting code is employed instead of the linear interpola-
tion of the simpler B method. However, the same sampling
frequency is used, and the 13 bit system can be used if desired.
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Fig. 6-20. Interleave system of PCM-1.
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Figure 6-23 shows the tape interleave system. The block diagram
and circuitry are similar in principle to the B system.

CONCLUSION

‘Table 6-2 shows the main characteristics and specifications of
each of the adaptors. These excellent figures are due to the fact
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Fig. 6-22. PCM audio system playback chain.
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Table 6-2. Comparison of Consumer and Professional Digital Adaptors.

Consumer Unit Professional Unit
PCM-1 PCM- 1600
Number of channels 2 2
Sample Frequency 44.056 Khz
Transmission rate 1.726 Mbits/sec 3.5795 Mbits/sec
Quantization 13 bits 16 bits
Dynamic range 85db 95db
Harmonic Distortion 0.03% 0.03%
Wow and Flutter Below measurement
Frequency response 2Hz-20Khz 20Hz-20Khz
+or-1db +0.5db-1db
Drop out method Interleave and Interleave and error
CRCcode correction code.
S/N'ratio (approx) 85db 95db

that the performance of digital tape systems is not limited by either
the tape or the mechanics of the decks.

Both adaptors permit digital to digital dubbing of tapes, as the
VTRs can be synchronized by normal video methods. Electronic
editing is possible with unmodified editor panels, using SMPTE
time code or control track pulses.

These two units are very new and are not yet established in
the marketplace, but they do show a new and interesting direction
in the application of digital audio and the use of VTRs.
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7

Cassette
5o Limitations and

. Ancillary Equipment
The gradual growth of video in industry and education has been
made possible by the production of equipment designed specifi-
cally for this type of television. Much of this equipment is of
excellent quality and admirably fulfills the tasks for which it was
designed. But it is not broadcasting equipment, and it should not be
used as such.

As an illustration of the difference, consider a typical small
family car used for going to work and general purpose transporta-
tion. No one would seriously consider entering it in a grand prix
race. And conversely no one would drive a grand prix racer to work
every morning. Both items may be an excellent piece of machin-
ery, but each has its own use.

A similar situation exists with video equipment and the user
should realize that the videocassette machines are not broadcast-
ing equipment. If they are used as such, then some serious
problems will arise which will often confuse the users as well as
impair the quality of the recording or playback.

The purpose of this chapter is to explain why these machines

are not broadcast equipment and what troubles are likely to occur
through this type of misuse.

CASSETTELIMITATIONS

Inherent in the design of the videocassette system are certain
limitations which do not allow the machines to fully meet FCC
specifications with respect to sync stability, noise, and color signal
requirements. The FCC has adopted certain rules for equipment
for very practical reasons, and much of the cost and complexity is
incurred in meeting these criteria,

Outside of broadcasting, a lower level of quality can be
tolerated, and this allows simpler equipment to be built and used
with an attendant reduction in cost while still producing pictures
good enough for closed-circuit work.

When nonbroadcast equipment is used with the broadcast
items, or the same level of performance is demanded from it,
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certain problems arise which are difficult to either obviate or
explain away. These can be grouped into five main categories: sync
problems, time base errors, color problems, signal-to-noise ratio,
and bandwidth limitations.

The first three are somewhat related and are capable of being
corrected to some degree. The last two are independent of the first
three but are related to each other to some extent.

Sync Problems

The FCC has set certain specifications regarding the stability
of the television signal which can be broadcast over the air, and
they have been formulated for the purpose of ensuring that all TV
stations produce the same type of signal and that all equipment can
receive and work reliably with this signal—even under the worst
conditions. The standards are based upon practical experience
with making good television signals.

The main concern is that the sync signals contain as little
“slop” or as few errors in their timing and level as possible,
because it is these which govern the stability of the picture when it
is viewed on a TV set or monitor. For broadcasting, these
specifications are very stringent and are set out in a document
published by the Electronic Industries Association and known as
RS170.

In an industrial or educational setup, a lesser quality of sync
signal can be tolerated, and often that conforms to the specification
known as RS330. This is basically the same as RS170 but has some
subtle differences. For most closed circuit operations it will
produce good pictures, but it is not good enough for broadcasting.
The main characteristic of these two signals is that the lines on the
screen are all carefully interlaced and of equal length, and they all
start evenly on the left-hand edge of the screen. A high quality
picture with no annoying jitter or crawling is seen. Usually both
these sync signals are produced in a separate sync generator, and it
isused to drive the entire station or studio.

In the small, inexpensive industrial and surveillance cameras
a very crude type of sync signal known as “random interlace” is
produced within the camera itself. Although this makes the camera
a self-contained item, this type of sync is absolutely useless for
serious closed circuit TV and is out of the question for broadcast-
ing.

The sync signal has a profound affect on all videotape
recorders. The stability of the recording and the servos in the
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machine are directly related to the stability of the incoming sync
signal; and the more stable the sync, the more stable the machine
and the recording. In playback, the servos rely on the playback
sync from the tape to control both the machine and the tape. If the
syncis not stable, then a stable picture will not be obtained.

Ifanonbroadcast type of sync is used when recording, then the
timing errors it may contain will be recorded onto the tape, and
they can be so great that the playback stability of the sync will make
it impossible to reliably copy or view the picture. This becomes
especially true with the helical type of VTRs, where the inherent
stability of the machine will add to the timing errors of the incoming
sync. In fact, if the random interlace type of sync is used, it is
possible that the recording will be so unstable that it will never play
back satisfactorily.

Errors due toabad sync signal are likely to occur in addition to
a class of machine errors known as time base errors. It should be
noted that many broadcasting machines will not work without a
correct broadcast type of sync; their circuits will just shut down.

Time-Base Stability

Time-base stability is a measure of the stability of the
playback picture from the tape and is a most important figure when
it comes to transmission over long distances, copying, editing, and
especially the play back of color. It is one of the most critical
specifications to be found in broadcasting VTRs, and typical figures
are about 50 nsec (nanoseconds) for a monochrome picture and
about 6 nsec for color. It is a figure significantly absent from the
details published about helical VTRs and cassette machines.

To understand what this means, consider a horizontal line of a
picture. It takes a total time of 63.5 usec (microseconds), with the
visible portion of the line using about 53 usec and the sync lasting
about 10.5 usec. A variation of 2 usec in the playback timing easily
can be seen as sideways jitter on a monitor and is unacceptable.
Much less than 1 usec is requiredfor acceptibility.

One of the biggest problems in the early development of
videotape recorders was getting a sufficiently good tape transport
and head scanning which could produce a rigid sync signal on
playback. In fact most of the cost and complication of the modern
broadcast VTR is in the mechanics required. The modern broad-
cast VTR is good enough to play back a monochrome tape to meet
FCC sync specs with a minimum of horizontal jitter and thus
produce an acceptable picture. However, the slight variations in

116




the sync timing which do exist will completely prevent the
playback of a color picture.

These timing errors in the playback are caused by tape stretch
due to handling, temperature and humidity changes, small mechan-
ical imperfections in the machine, and the gradual wearing of the
heads.

Further instabilities also remain due to the limiting factors of
the mechanical parts of the head and capstan servos. These timing
errors appear in both the recording and the playback and are in
addition to any errors which may already be in the incoming signal.
The following list of problems are all caused or exacerbated by
time base errors and cannot be ignored in a quality TV system:

® The time-base errors and instabilities will compound with
successive generations of tape copies, so multiple copies will soon
become unplayable as the errors will build up to the point where
the sync timing will be so far off that no VTR servo or monitor will
beable tolocktoit.

® Time-base errors cause color problems long before they
cause sync problems. It is important to know that no VTR will play
back color directly; all need extensive electronic correction
circuits.

® Broadcast equipment is made with very tight sync circuits
and will not work with anything less then perfect FCC sync. This is
deliberate because it is essential to know about trouble in the
studio long before it can affect the viewer. This produces problems
when attempting to copy onto broadcast VTRs from the nonbroad-
cast machines because their playback sync often is not stable
enough.

® A signal which must travel a great distance over a cable
suffers degradation. Often this is in the form of rounding the sync
pulses and attenuation. This will give sync problems in the
receiving equipment. An unstable sync source will only add to such
problems.

In broadcast VTRs much of the circuitry in the playback
electronics is for the sole purpose of correcting the sync signal and
the time-base errors as they are played back from the tape, and
much of the remaining circuitry is for the correction of the color
signal.

In the nonbroadcast equipment much of this corrective
circuitry has been omitted in the interests of size and economy, and
much was not considered necessary in the light of the machine’s
intended use. Hence time-base errors are an ever-present and
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serious drawback to nonbroadcast VTRs—and the videocassette
machines must fall into this category.

Although they contain corrective circuits for the color, in
general the success of these machines lays in their use with the
type of monitors which have a fast recovery time constant in the
horizontal circuits. These allow the monitor to quickly lock up to
any changes in the sync timing, and thus the visual effects of these
errors are very neatly masked. Hence, use of the cassette
machines with a monitor recommended by the manufacturer will
always produce a very good, stable picture on that monitor.

It must be clearly understood that broadcast equipment will do
the exact opposite of this—it will expose time base errors very
quickly—and for this reason the interface of cassettes with
broadcast equipment is often unsatisfactory to the point of being
impossible.

Color Problems

The FCC has very tight specifications concerning the quality
of the color signal, and like the sync signal these are adhered to by
all broadcasting equipment.

Two main methods have been adopted for the recording and
playback of the color signal, and are known as the “phased” and
“nonphased” methods. All broadcasting equipment uses the
phased-color system due to its superiority. However, it is not an
easy system to use where large time base errors are found, and this
is one of the reasons why the helical-type machines generally have
adopted the nonphased color method, which is also known as the
“heterodyne” or “converted subcarrier” method. Although this
system is simpler and is satisfactory for nonbroadcast work and
does allow fairly good copies to be made, it can and often does
produce problems when attempting to integrate with, or copy onto,
broadcasting equipment.

Although color editing is possible with this system, the
success of the edits rely more upon the use of vertical interval
switching and the fast recovery monitors than upon electronic
correction.

There are other color problems associated with the differen-
tial phase and differential gain of the cassette machines. The

difficulties are caused by timing in a system containing other
equipment, and a lack of sync inputs. These are too complex to be
covered briefly, but the user should be aware that other and more
subtle problems do exist and that they are very real.
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Signal-to-Noise Ratio

This is a measure of the amount of “snow” or noise which can be
seenin a picture:

An S/N ratio of 40 dB means that no noise or snow can be seen
by the naked eye.

An S/N ratio of 35 dB still allows an excellent picture, with
traces of noise discernible by a trained eye.

An S/N ratio of 30 dB means the noise is becoming noticeable
but is not objectionable.

An S/Nratio of 20 dB means the noise is easily noticeable, and
it corresponds to fringe area TV reception.

If the S/N ratio gets as bad as 10 dB, then the picture is
unusable.

Most broadcast equipment will claim an S/N ratio better than
45 dB, thus guaranteeing that no noise is visible in the picture.
With nonbroadcast equipment, claims vary between 35 and 40 dB,
and this can be achieved when the equipment is properly set up, but
in many cases of general use anything between about 25 and 35 dB
will be found.

Common causes of noise are inadequate light in the studio and
improper adjustment of cameras or other equipment at the time of
recording. Noise is further introduced by copying, passing the
signal through equipment, and transmission over long lines or over
the air. Because noise cannot be eliminated by subsequent
processing it is essential that it be eliminated at its source. Noise is
a high-frequency phenomenon, and it can be removed to some
extent by lowering the high-frequency response of the system, but
this reduces the quality of the overall picture because the ability to
resolve fine detail is impaired. This approach can be tolerated
more with a color picture than with a monochrome picture because
the color hides much of the fine detail in a picture—but there is a
limit which is soon met.

Although noise-free pictures can be seen played back from a
videocassette machine, in general their S/N ratio is borderline for
broadcasting.

Bandwidth

This refers to the overall frequency response of the system,
which is a measure of the fine detail which can be seen in the
picture. The greater the bandwidth, the more fine detail possible.
Itis often expressed in “lines” rather than as a frequency, with 350
to 400 lines being typical for a monochrome picture and about 250
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to 300 for color. These are usually quoted under the title of
“horizontal resolution.”

Due to the lower carrier frequency used in the recording
process than that used in broadcasting machines, most videocas-
sette machines do not have as great a bandwidth, and often the
resulting picture is barely good enough for broadcast use.

Also, the heterodyne color system restricts the color
bandwidth to less than that required by FCC specifications.
Although this is often not noticeable to the eye, it has placed a
restriction on the overall quality of the signal which will become
apparent after much copying or transmission over long lines,
where attempts will be made to correct for signal deficiencies.

ANCILLARY EQUIPMENT

In an attempt to overcome and correct the problems just
discussed and to guarantee pictures which will meet FCC specifi-
cations, several items of equipment have been produced to be used
in conjunction with helical VTRs and videocassette machines.

The problems caused by noise and bandwidth limitations must
be treated at their source or, in other words, the original
equipment must be good enough not to exhibit these problems,
because subsequent correction is not possible. The problem of
nonphased color must be handled by the playback circuits of the
cassette machine, and no further correction is usually possible.

With regard to the sync and time base errors, some external
correction is possible, and most corrective equipment concen-
trates on these areas. Three main items of equipment are used:
processing amplifiers, dropout compensators, and time-base cor-
rectors.

Processing Amplifiers

Usually called “proc amps” these are one of the most
important items of ancillary equipment in any TV system. Their
main use is to add a good sync signal to a composite TV signal
which has been passed over along video or RF line and has suffered
attenuation and distortion. By adding a stable regenerated sync
signal to the video and amplifying the video to a usable level, a
substandard signal can be restored to near perfection.

A further problem is that the sync signal obviously must be
continuous. Any breaks would upset the picture on the screen and
cause it to break up or have other instabilities. All cassette
machines and many helical VTRs use two heads, and a switch from
one to the other must be made at some time in the picture. This
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switching causes minor disturbances in the sync signal and is
responsible for the “flagging” seen near the top or bottom of the
replayed picture. By adding a continuous sync signal this can be
eliminated.

Dropout Compensators

All tapes suffer from dropouts. These are momentary losses
of the signal from the tape and are caused by faults in the tape
oxide, dirt on the tape heads, or scratches in the tape caused by
lack of care or long use. These losses of signal appear as flashes on
the screen; they are irregular in size, frequency of occurrence, and
place on the screen. In excess they are annoying to the viewer.

They can be covered up quite easily to give a clean picture
which is free from any dropouts. The manner in which this is done
is to sense when a dropout of signal from the tape has occurred and
then to replace the horizontal line of video with a repeat of the
previous line which was free of dropouts. The techniques for
accomplishing this will not be covered here, but the same method
is used in all cases. Many cassette machines contain a small “DO
Comp” as an internal circuit, but in many cases it must be provided
as a separate external item. Often they are manufactured in the
same chassis as the processing amplifiers and form part of a
complete video correction package.

Time-Base Corrector

The time-base corrector is a device which will accept a played
back tape with all of its time-base errors and then remove all those
errors and present a stable picture with a sigid sync signal, thus
making it usable in a broadcasting system.

Time-base correctors fall into two types, analog and digital.
Both do basically the same thing, which is to store the TV signal, a
line at a time, and then march it out at a later time. In this way the
marching out of the signal can be made independent of the time it
went into the memory and thus can be made free of the timing
errors. A computer-type digital memory or a controlled delay line
are the most used memories for the signal. To help in this timing
correction, a signal may be fed from the corrector to the video input
of the tape machine, thus controlling the servos in the playback
mode to aid in the correction.

The exact mode of use and the connection must be checked
with the instruction manual because they differ from model to
model. (A complete discussion of how they work is beyond the
scope of this book and will not be attempted.) They all rely upon
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integrated circuits and new electronic techniques, and they are
very complex and expensive. It would appear that they are very
successful in correcting the pictures from the helical VTRs and are
making cassettes and portable tapes usable in broadcasting.

Cameras

Several cameras are produced for use with the professional
and consumer videocassette machines. Since the manufacturers
literature describes these quite adequately, only the most impor-
tant points will now be covered. In general, any camera from any
manufacturer will work with the machines from any other manufac-
turer.

Two main types of cameras are produced for use with cassette
machines - color and monochrome. All color cameras are either one
or two tube, and have the full broadcast RS-170 sync signal with
color burst. These present no problems when used with any VTR.
The monochrome cameras present a different situation. The
camera must have its own internal sync generator, and here care is
required. Many small monochrome cameras do not have the
RS-170 sync signal. They have either the 2:1 interlaced ‘industrial’
sync signal (RS-330), or they have a random interlaced signal. Both
of these should be avoided with cassette machines.

The professional Umatics will not handle the non broadcast
sync very well, as they have several identification circuits which
look for a stable vertical pulse and equalizing pulses, and the
absence of these can produce erratic operation.

The consumer machines must have a stable and regular
horizontal sync pulse in order to prevent interference due to the
lack of guard bands, and for the 2H FM shift to work. If a camera
with less than perfect sync is used then visible interference
patterns will be seen on the screen, and they cannot be removed.

In order to reduce the size and cost of the cameras the
electronic circuits are almost exclusively ICs, and many of the
controls considered essential in a studio are missing. The quality of
the picture depends upon the engineering of the camera, and
whether vidicons, saticons, or other tubes are used, and this is
reflected in the price. For example, some models are used in many
broadcast stations for use with the Umatics. Whereas the small
monochrome cameras are sold solely for use as a home entertain-
ment camera.

All cameras plug into the video input of the cassette machine
and are complete in themselves. However, several use a 10-pin
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conector, which supplies audio, vertical drive and control pulses to
enable the machine to be stopped and started by the trigger on the
camera. These connections should be checked when trying to mix
cameras and cassette machines from different manufacturers. For
example; pulling the trigger on one camera supplies a ground to the
deck, but another camera supplies 9v on the same connector pin.

Also missing on many small monochrome cameras is an
electronic viewfinder, but the professional color cameras all have a
small 1 inch electronic viewfinder. Other typical provisions are a
microphone mounted in the camera, and a mic jack on the camera
for ahand held microphone.

Figure 7-1 and Fig. 7-2 show two different types of portable
cameras, both with the portable Betamax unit SLO-340.

Timer Units

Many machines have a timer unit built in, while others have to
use an accessory timer. The built in types usually have a digital
LED readout driven by standard TTL or MOS ICs, and these
simple circuits are covered in the service manuals.

The accessory units are usually mechanically driven. They
contain power outlets at the rear which are powered and de-
powered by the amount of time set on the timer. The machines
must first be placed in the required mode, such as record, and then
the power is removed by using the timer setting switch. The timer
then supplies power at the set time, and the cassette machine
switches itself off at the end of the tape. The timer will
automatically cut power about 4 hours after it turns on.

A word of warning here. In effect, these timers are the same
as the average ‘coffee pot’ timer found in the home. But the power
required by a cassette machine is usually much higher than that of a
coffee pot,and using a domestic coffee pot timer instead of a proper
timer will probably burn it out. This is extremely dangerous,
especially in an unattended home. So, only use the proper timer
recommended by the manufacturer.

FURTHER VIDEO PROBLEMS

Other factors also influence the quality of the TV picture in
nonbroadcast situations, and these are not usually given the same
consideration as in broadcasting. These are as follows: degrada-
tions due to multiple copies, losses and sync problems due to long
lines, environmental changes, and bad tape handling. The last two
items are covered elsewhere in this book, but the first two will be
discussed.
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Fig. 7-1. Small portable camera by Sony.

Muitiple Copy Degradations

There are three main errors which can be introduced during a
copying process. These are noise, color distortion, and accumu-
lated time-base errors. Little can be done about the noise and color
errors other than to use good equipment and to treat it properly.
The time-base errors canbe corrected to some extent.

Any time-base errors introduced into a copy will remain
there. Although a time-base corrector will remove the errors
introduced by the playback at the time it is used, it will not remove
recorded-in errors. For this reason any tape intended for multiple
copies must be made on as high a quality master machine as
possible, and a time-base corrector should be used every time it is
copied. If a copy of the copy is to be made, then time-base
correctionis essential.

The effects of cumulative time-base errors in multiple copies
can be offset and hidden for a long time by the use of the
fast-recovery monitors, but eventually a generation will be
reached where the errors are too great for even these. Once a
serious time-base error has been allowed to be recorded onto the
tape, the tape can never be corrected to the point of complete
stability.

Long-Line Problems

Two types of line are used to distribute video signals, the
video line and the RF line. Both, when used properly, will allow
video pictures to be sent over very large distances with unper-
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ceived loss of quality. The TV networks and many CATV systems
are testimony to this. On the other hand, an improperly treated
line very quickly will produce a rounding of the sync signal and a
loss in picture quality and detail and will introduce noise.

If the originating signal is a tape playback, then any errors in
the playback signal will be added to the line losses, and the
received picture could easily be unusable and even uncorrectable.

To obviate these problems, a time base corrector should be
used at the sending end, intervening amplifiers should be used
along the line, and a proc amp should be used at the receiving end.

Fig.7-2. Larger, but still portable Sony camera.
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If the received signal is to be recorded, then a high quality machine
should be used whenever possible.

CONCLUSION

As with most other items of equipment, this type of videotape
machine has both advantages and disadvantages. It should be
understood that they were developed to be used as nonbroadcast-
ingitems and that this is their correct use.

A broadcast VTR such as the RCA TR70 or the Ampex AVR2
are about the size of a small car and cost around $100,000; and so it
is senseless to compare the smaller cassette machines with these
and expect the same performance. If the same level of performance
were possible, no one would continue to make or buy the large
machines. The cassette machines do a more than adequate job in
closed circuit television, but by themselves they fall short of
several broadcasting requirements, and they should not be com-
pared to the broadcasting machines. Unfortunately, a comparison
is too often made by persons who are not in command of the
knowledge or facts, and costly mistakes in equipment purchases
oftenresult.

Although most users will never need to use the cassette
machines in a broadcasting situation, there are many persons close
to broadcasting who do use the machines and often wonder why
they are not so readily accepted. It is true that they record and play
back beautiful color and are as reliable as anyone could wish them
to be, but for the reasons outlined in this chapter they do fall short
of broadcast specifications.

At this time the potential user of cassettes should realize that
for nonbroadcasting work—such as in an office or a school—the
cassettes are perfectly good machines and will do anything which is
required of them. The limitations explained in this chapter will
only come to the fore in two major situations: when they are
interfaced with broadcasting equipment and when high quality
multiple generation copies are required.
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8
The Umatics Type

Videocassette -
: 5 O

Mechanisms .

The Umatics were the first videocassette machines to be intro-

duced into the US. They quickly established themselves in

industrial and educational studios. Although the term ‘Umatic’ has

become the most common and accepted generic name for these

machines it is really a Sony trade name. Strictly speaking, the term
‘U-type’ machines should be used.

These are now made by several manufacturers, and although
there are differences between models, all produce tapes which are
interchangeable. The earliest machines had the ‘type 1’
mechanism. This was the first automatic video tape threading
mechanism, and it established the reliability of these machines.
Later models have the ‘type 2’ threading and transport, which made
the machines stable enough to be used for editing and limited
broadcast purposes.

This chapter will include a brief description of the Umatic
format and cassette, the type 1 mechanism, the type 2
mechanisms, and a brief introduction to the broadcasting
machines. The full mechanical details are not covered, because
this would be impossible in the light of the complexity of the
machines and the differences from model to model. This chapter is
suitable as an introduction for the user who wishes to understand
these machines and do simple maintenance. It is also for the person
who wishes to become a service technician and perform full
maintenance and alignment. It is not intended to supplant the
service manuals for any model, which should always be consulted
prior to any maintenance.

TAPE TRACKS AND FORMAT
As with other helical machines, the video tracks slant across

the tape, but in this format they do not extend from one edge to the
other. Two audio tracks are placed on the lower edge of the tape
and the control track is placed on the upper edge. This is shown in
Fig. 8-1 which includes the important dimensions.

In this foxmat provision has been made for an auxiliary track.
This is for recording editing codes or other information which will
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be useful for timed stops, playbacks, etc., or for any other desired
production information. At this time the heads, electronics, inputs
and outputs are provided only on the broadcast machines; and the
SMPTE time code is most often used on this track. The location of
the track is shown in the diagram. Itis placed so that it runs through
the part of the video track where the vertical interval is recorded,
because this results in minimum interference with the video
playback.

Table 8-1 gives the most important dimensions of the Umatic
format.

THE CASSETTE

A cassette is shown in Fig. 8-2. Itis83 % 5% x 1% in. in
size, its weight is 1 ¥4 b, and it can hold a maximum of 60 minutes
of tape, with 10 minutes the usual minimum. The tape is % in. wide
and has a high density chromium dioxide or cobalt doped ferric
oxide for its active coating.

The cassette contains two open-sided reels on which the tape
is wound, with the oxide facing out. These reels are overlapped to
conserve space, as in Fig. 8-3. The ends of the tape are attached to
the reels with a clear plastic leader, which is used for sensing the
end of the tape. The cassette is shaped so that it will fit into the
machine in one way only, thus making improper insertion impossi-
ble; and it will accept a specially shaped label which aids in
identificationand orientation.

The tape crosses an opening along the front edge of the
cassette, where it is accessible for pulling out and threading into

TAPE MOTION
—_—
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b=
T
HEAD
v /lvaonmorq
P P == iy - 'fi'l"""“""“"f‘ _____
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T . —
Ao 1 ——
AUX TRACK G2G3g,
VERTICAL SYNC

C=06mm Gy=02mm T=0.1373 mm APPROXIMATELY
A=08mm Gp=02mm (VIDEO TRACK CENTER TO
A=08mm G3=0.7mm CENTER)

Aux=05mm G4=0.2mm V=155mm

W=19 0 mm TAPE BASE WIDTH

Fig.8-1. Tape tracks for Umatic system.
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Table 8-1. Dimensions of the Umatic Format.

Tape width:19.00 £ 0.03mm
Tape speed: 95.3 mm %= 0.2 mm/second
Videotrack angle: 4°54’49.1” with the tape still
Video track width: 85 microns
Head totape, orscanning speed: 404.3 in./second
Drum diameter: 110mm
Controltrack: 29.97 Hz pulses
Chromasignal: 688.374 kHz
Typical machine dimensions: 20 x 20 x 8 in. approx-
imately or 25 x 20 x 8in. approximately

Typicalweight:48 Ibor651b
(These depend upon whether the machine is for recording or playback
only).
Temperature Range: 41 to 104°F in operation.
Operating position: horizontal only
Resolution: 320 £ 10lines

250 £ 10lines

the machine. This opening is covered by a spring loaded flap or
door, which is usually marked with instructions to keep fingers off
because it is for protecting the tape. On insertion into the machine
the spring loaded catch on the door is pushed away, thus allowing
the internal mechanism of the machine to flip the door up and
expose the tape for threading.

To prevent erasure of a prerecorded tape, a small plastic
cap—usually red—is removed from a hole in the underside of the
cassette. When the cassette is inserted into the machine a small pin
on a microswitch rises into this hole and disables the record
circuits.

THETYPE 1 MECHANISM

The Type 1 mechanism was the first to be introduced with
the original Umatics. Since a complete description is given in the
service manuals it will not be givenhere. However, it is instructive
to remove the top of the machine and observe the threading and
unthreading procedure.

To load the cassette into the machine all that is necessary is to
push it into the opening at the front and let the machine do the
rest. The cassette is shaped so that it will only go in the correct
way, and when pushed fully into the compartment it drops to the
operating position. This now opens a protective door or flap on the
cassette and places it so that a threading pin seats behind the tape
in the triangular notch on the underside of the cassette, as shownin
Fig. 8-2. This pin is attached to a pivoted arm on a large threading
ring. This is the center of the mechanical construction and
everything is linked to it in one way or another.
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TAPE PROTECT TAPE

Fig. 8-2. Cassette with flap or door open.

Whenthe play button is pressed thering isrim drivenby a DC
motor, and it rotates clockwise when viewed from the top. This
causes the arm and pin to pull a loop of tape out of the cassette and
around the threading path, as shownin Fig. 8-4. The threading ring
is mounted on a slant so that it actually pulls the tape in adownward
spiral, and to aid in this difficult procedure the tape guides are
mounted around the ring. This threading cannot be actuated
without the cassette in place, because the dropping of the cassette
into position pushes down the arm of a microswitch which allows

TAKE-UP REEL DIRECTION OF ROTATION

SUPPLY ORFEED
REEL

BASE OF CASSETTE

Fig.8-3. Overlap of reels in cassette.
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power to be supplied to the control circuits. This is shown in Fig.
8-5.

An alternative method of extracting the tape is shown in Fig.
8-6. Here the pull-out arm is not on the ring but is mounted
separately. This pulls the tape out to the position shown in the
dotted lines and allows the guides on the tape ring to guide the tape
around the drum. This is somewhat easier mechanically for the
tape and for servicing the machine. Other methods also are in use
for tape extraction and threading, but these two are the most
common.

The pressure roller is mounted on the threading rim, and it
follows the tape loop around the complete threading path as the
ring revolves. Just before the tape is fully wrapped around the drum
a notch in the ring closes a microswitch. This powers the main
motor, and the heads and capstan begin to revolve. As the
threading is completed the tape is wrapped around a revolving head
drum and is placed very close to a capstan which is already up to
speed. Just before it completes its travel the ring depowers the
threading motor by actuating another microswitch. The tape is now
fully threaded and lays against the heads and guide ready to be
transported.

At this point a complex mechanical action closes the pressure
roller, and the tape begins to traverse its path. At about the same
time the electronics are powered and the selected function
commences.

This whole procedure takes about 5 seconds, and a picture
appears on the screen about 6 seconds after the play button is
pressed.

During this threading procedure an orange or yellow warning
light on the front of the machine is illuminated, and nothing must be
touched while this is on. When the threading is complete this goes
out, and then the other functions may be selected.

When playing or recording, the tape is pulled from the supply
reel in the cassette and around its path at 3 3% in./second and is
pulled back into the takeup side of the cassette, which is puck
driven by the main motor. The heads rotate at 1800 rpm and give an
effective head-to-tape speed of about 404 in./second, which is
suitable for satisfactory color recording and playback.

At the end of the program or at a time when the STOP button is
pressed, the tape is unthreaded and retracted back into the
cassette. The unthreading is the exact reverse of the threading
process. The pressure roller releases, and the ring begins a
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Fig.8-4. Umatictape threading.

counterclockwise movement as it is rim driven by the DC motor.
The tape is pulled into the cassette by the main motor providing a
puck drive to the takeup spool only. When the retraction is
complete the ring stops and the DC motor is depowered. A
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wen | O O

TABLE \NO_EP_-CASSETTE IN
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Fig. 8-5. Cassette in microswitch.

132




TAPE

PIVOT uilei3)
HEAD
ARM IN EXTENDED—)—)
POSITION

AND
CONTROL
HEADS

GEARBOX

ARM IN RETRACTED
POSITION

PULLOUT PIN

) \ [CASSETTE
/

Fig. 8-6. Alternate threading system.

solenoid now cuts in and the main motor drive rewinds the tape for
a few seconds back onto the supply spool. This is required to
prevent a loss of material on the playback of the next section.

The length of this rewind is never an exact linear distance of
tape, and it depends upon how far into the tape the previous play
had progressed. During this retraction the warning light is again on,
and nothing must be touched until it goes out. The main motor is
then depowered and the stop button automatically released, either
mechanically by a solenoid or electronically. The machine is now
ready for another function to be selected or for cassette removal.

Most of the mechanical drive functions are provided by the
main AC motor. A mixture of belts and pucks are used, and these
are mounted inside the machine and are not always easily
accessible. Figure 8-7 shows the underside of a machine where the
belts are located for easy removal and replacement. Note that
some of these belts have the dull side against the drive wheels and
others use the shiny side. It is essential that the best be replaced
with the correct side against the wheel.

The rewind and fast forward functions are conducted with
the tape inside the cassette. It is not extracted and runs around the
tape path. To enter these modes from either the play or record
modes the stop button must be used as described previously. Once
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the tape is inside the cassette, the main motor provides a belt or
puck drive to the reel tables. Each of these modes will then
continue until the end of the tape, when the plastic leader will cause
an automatic stop. This also will release the function buttons and
depower the motor. Do not use these modes when the tape is
already fully rewound or fully played because the automatic
function will not work then. It is important to understand that the
plastic leader and the light cells work on a change of light level and
not on a definite level of light or darkness.

If the tape is played to its end, most machines will then cause
an auto stop, tape retraction, and a full rewind to the start of the
tape. Usually the cassette does not automatically eject and has to
be removed manually. When the stop button is used to end a
recording or a playback, the tape will retract, but it will then stop
all motion. Any rewind or fast forward will have to be initiated with
the buttons.

The location of the phototransistor and its lamp are shown in
Fig. 8-8, along with the typical positions of the main solenoids and
microswitches.

MAIN FUNCTION BUTTONS

In many of the machines these are a mechanical arrangement
of buttons mounted in an interlocking assembly. Only one main
button can be pressed down at a time, and this locks out all the
others except stop. Also mounted on the assembly are several
microswitches and printed circuit boards, and at the lower end is a
solenoid which is for the automatic release of all the function keys
at the end of the tape.

This is a complex mechanical assembly, and if it malfunctions
itis best left to a qualified service engineer to fix. It is not easy to
remove from the machine, and several linkages extend from it to
meet with other internal levers.

THETYPE 2 MECHANISM

This is animproved threading and transport mechanism which
handles the tape much more gently and accurately than the older
Type 1 mechanism. Fig. 8-9 shows the basics of the tape path,
which has been slightly changed from the Type 1 machines.
However, the tapes are still compatible with the earlier machines.

When the cassette is inserted the tape is pulled out to the
position shown in Fig. 8-10. The threading motor drives a ‘Geneva
gear’ which operates the two pull out arms, and the tape remains in
this position until a function is selected. FF and rew are conducted
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with the tape in this position, but for rec and play the tape is run
out around the full threading path. This is accomplished by the dc
threading motor now driving the ring. The ring has teeth on the
underside which mesh with a gearwheel driven by the dc motor.
This results in a very positive and accurate tape threading.

The first machines with this mechanism had a dc threading
motor, and 2 AC motors to drive the heads, capstan and the tape
reels. The later machines intended for broadcasting have 4 motors.
These allow complete and independent servo control for the heads
and capstan, and correct tension control for the tape. With these
later machines the tape can be run in fast-forward or rewind to any
spot within a few frames. This is essential for editing accuracy in
broadcasting.

The head drum contains flying erase heads as well as the
normal video record/playback heads. Also mounted in the drum are
extra pole pieces and PG coils, which provide the switching pulse
for the editing circuits. Although the FM is fed to the heads by
rotating transformers, the erase heads are usually fed by slip rings.
SeeFig. 8-11.

The placing of the other heads is shown in Fig. 8-9. The audio
and the CTL heads are unchanged, but the position of the main
erase head, the CTL-2 head and the auxiliary head differ slightly
from model to model. However, their distance from the point of
contact of the video heads to the tape is always the same. The
CTL-2 head is to read the CTL pulses on the tape during the ff and
rew modes when the tape is being searched or positioned for
editing. The auxiliary head records and reads the auxiliary track,
which is usually used for editing time codes.

All the mechanical functions are engaged by solenoids, and not
directly by levers from the function buttons. A function solenoid
releases only certain slide bars, which are then pulled by the main
solenoid to release or operate the other mechanical parts. These
solenoids are controlled by the system control timing circuits,
which ensure that only the correct parts move and only at the
proper time.

The supply reel is driven by the tape pulling it, and the tape
tension is controlled by an arm and tension band. This reel table is
always braked, so it needs more attention than most of the other
mechanical parts. It affects the editing accuracy and so it must be
regularly checked and serviced. The brake and the take up reel are
operated by the mechanical function slide bars.

The take up reel is driven by belts and idlers from the reel
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Fig. 8-9. Tape path in Umatic type 2 mechanism.

servo motor. In the reverse play mode; reverse play is ac-
complished by playing the tape backwards. It is NOT rewind. The
tension must be accurately controlled to maintain edit accuracy. In
this case the tape tension arm moves a small metal vane between
and LED and a photo-transistor. This provides better tension
control and maintains full contact with the tape heads to count the
pulses and position the tape accurately.

THE BROADCAST UMATICS

Several manufacturers produce Umatics which are being used
in broadcasting. These are either made for the broadcast industry,
such as the Sony BVU200 series, or as high level industrial and
educational machines such as the Sony VO 2850 and VO 2860.
Several portable Umatics are also made for the broadcasting
industry. Broadcast studio umatics are intended for studio use in
broadcasting and in high level teleproduction studios. Although
they work from the normal AC supply and are not battery operated,
they can be used anywhere in the world on any voltage and
frequency. This is because all the electric motors are dc operated,
or are ac motors which are not dependent on the frequency.

Four main motors are used:

@ Adirect drive dc motor in the head drum.

® A dcmotor which belt drive the capstan.

@ A small dc motor for tape pull out and threading.
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® An ac hysteresis motor which belt drives the tape reels. A
voltage selector on the machine allows this to work anywhere.

The capstan can drive the tape in reverse, as well as forward,
and at several speeds. This is very useful in editing, where the tape
handling is accurate enough to make edits within a few frames of
any chosen point. During the reverse play (not rew) the reel
tension motor is used to control the tension in the tape by driving
the take up table. The servo is controlled by a small metal vane on
the tension arm which moves between a light source and a photo
transistor. The circuitis shownin the servo chapter.

The full complement of heads are used, and these are shown in
positionin Fig. 8-9. To ensure edit accuracy the auxiliary track can
be used for time codes, but most editors use the CTL-2 head to
count the control track pulses.

In the FF and rew modes the tape is in the ‘half out’ position,
where it is in contact with the auxiliary and CTL-2 heads. Thus the
time code and the pulses can always be read by an editor unit. The
tape canbe controlled to about 2 frames for edits.

Later models of these machines have the rf dub feature
added. This is for high quality transfers and copies, and is
explained in the chapter on cassette electronics.

INDUSTRIALAND EDUCATIONAL MACHINES
Although these use the type 2 mechanism, they are not really
broadcasting machines. Only 3 motors are used, 2 AC motors and a

Fig. 8-10. Still position of tape in type 2 Umatic.
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Fig.8-11. Slip rings.

DC threading motor. Their performance and tape handling are
superior to the earlier machines, and the solenoid operation allows
remote control by edit units. However, the auxiliary head is not
included and so all editing is performed using the CTL pulses and
the CTL - 2 head. The tape can be shuttled and edits made to within
about 10 frames of the desired point, which is good enough for most
purposes but often falls short of precise production standards.

Typical examples of these machines are the Sony VO 2850 and
VO 2860.

THEPORTABLE UMATICS

These are small battery operated units intended for mobile
use, such as ENG (Electronic News Gathering) or hard to reach
places. They are lightweight and are intended to be carried by one
person with a camera. They contain a minimum of electronics, and
in fact need additional items to be able to playback a tape in color.
They all use the Type 2 mechanism, but the actual method of
driving the ring and tape varies slightly. They use a smaller than
normal 20-minute cassette which will fit other U-matic machines
with an adaptor, and it is powered from internal rechargeable
batteries which will give one hour of use. It also can be powered
from an external DC source such as a car battery or from power
lines via the AC unit which also recharges the batteries.

Simple cables provide the necessary hookups for all functions,
and they are plugged into the side panel. The front—or top—has a
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series of pushbuttons for the main fuctions, which include still
frame and audio dub. The machine can mount in any position and
can be slung over the shoulder or backpacked. It will record from a
portable color or monochrome camera—the DXC1600 is
recommended—and a trigger control on the camera will control the
tape motion. It also will record and play back color into a domestic
TV set with its internal RF unit.

Inthe studio it can be used as a record or playback machine and
can be used for copying and editing. Four separate motors are
used, one each for the rotating heads, the capstan, the reels, and
the threading.

The head servo is controlled either by sync from the incoming
video or from an internal crystal controlled sync generator. This
also provides the horizontal and vertical drives to the portable
cameras, and these are counted down by integrated circuits froma
31.4658 kHz crystal. The whole machine is stable enough so that
when it is used with a time base corrector, it can provide pictures
which can be used satisfactorily for network newscasts.

Other facilities are an internal dropout compensator, meter-
ing circuits, and meters mounted on the front panel. The tape is
still automatically threaded, and the usual control circuits are
included.

The head drum has 3 pick-up coils and multiple vanes to
produce tighter servo control. This helps to offset the ‘gyro’ error,
which is uneven head drum rotation caused by excessive move-
ment of the machine. How this works is covered briefly in the
chapter on servos. One of the head coils is used to ensure the
capstan is correctly phased to the head rotation. The capstan motor
hasits owninternal FG coil for servo feedback.

These machines are about 13 x 17 x 14 inches in size, and
weigh about 30 lbs with the batteries and cassette installed. The
AC power unit is about 7 x 7 x 13 inches and weighs about 13 Ibs.
Fig. 8-12is a photograph of a typical system.

ELEMENTS COMMON TO ALL CASSETTE MACHINES

In order for these machines to automatically and perfectly
perform all required functions—such as to thread and transport the
tape—a system of microswitches, relays, solenoids, mechanical
clutches, pulleys, belts, and linkages are used. All these have been
very precisely built, mounted, and adjusted to perfection.

Many of the mechanical and electronic functions must occur in
the correct sequence, and to ensure this the mechanical compo-
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nents are interiéaved and interlocked with each other in a
complicated array of inhibits and lockouts which enable only the
proper parts to move and the right electronic circuits to receive
power. In this way the correct sequence and timing of events canbe
ensured to effect only the selected function. Examples of this are
preventing the tape rewind when the tape if pulled around the
threading path, keeping the bias oscillator depowered during the
play mode, and preventing the pressure roller arm from closing if
the tape threading is incomplete.

All these provisions have been designed to make the machines
as foolproof and as automatic as possible, and in this they are quite
different from the reel-to-reel machines, which have no similar
counterparts within them. Although most of the linkages, rods, and
levers are actuated by solenoids, the threading ring, heads, and
capstan are driven by electric motors. Two motors are used in
most machines. A small reversible DC motor is used for tape
threading and unthreading. The main motor is usually an AC motor
which drives the heads and capstan via separate belts; this is also
used for the rewind and fast forward functions and to provide
tape retraction. This is accomplished by a mixture of belt and puck
drives to the reel tables, with the correct one being selected by the
solenoids and other linkages.

Occasionally three motors are used. This is found in editing
machines where the capstan is driven by its own servo-controlled
DC motor.

These machines always should be treated carefully and with
the utmost respect because damage cannot easily be repaired.
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Parts replacement is often not an easy or quick job and can be very
expensive. Normally they will function perfectly unless mis-
treated, and despite their complications they can be relied upon to
perform continuously. It is inadvisable to tamper with or to attempt
to defeat any switch or relay in these machines. Disaster of both an
electronic and mechanical nature can occur, tape can be ruined, and
injury can be sustained. The tape guides and the whole mechanism
are much more complicated than the open reel machines, and even
the slightest maladjustment of the threading mechanism or guides
is enough to completely ruin the playback of good tapes and to make
arecording on the machine useless for playback on others.

The following review of the construction of these machines
will not cover all the mechanical items necessary for the more
exotic automatic functions, such as automatic rewind of the tape
when it reaches the end of its play or how to continuously repeat
the same section of tape. These are best learned from the service
manuals of the specific machines because they are of more interest
toaservice person thanto a user.

Common to all the machines are the various heads for
recording and playback, and a few words about these are in order at
this time.

Video Heads

The head drum can be in one or two parts and is very similar to
those found in other videotape recorders. The heads are either
mounted on a bar or plate which protrudes between two stationary
sections of the head drum, or the lower section of the drum is still
and the rotating upper section contains the heads. The tape wrap is
such that the heads are in contact with the tape in excess of 180
deg, thus giving a small overlap in which the head switching can
occur.

The signals to and from the heads are usually coupled through
rotary transformers. The primary rotates, the secondary is
stationary, and the coupling is through a small gap in a ferrite
enclosure. Slip rings are used in some machines, but these are
becoming less common. One, two, or three coils can be mounted in
the head drum, with one or two rotating metal bars; these produce
pulses to control the servos and the editing circuits.

The head drum is driven by a belt from the main motor, and a
magnetic brake fed by the servo output is used to control the head
speed and position.
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The upper part of the drum has horizontal serrations to
provide an air bearing for the tape. This prevents the tape from
sticking and allows good tape tracking and smooth transport. A
tape guide band is attached to the outside of the lower drum or is
machined into it. This provides a track on which the tape rests as it
traverses the drum and ensures that the video tracks are laid down
in the correct place onthe tape. Figure 8-13 illustrates these
points.

To make the automatic threading easier, all the videocassette
machines have adopted the two-head half-wrap system.

Other Heads

Several other heads are required in addition to the rotating
video heads. Exactly what is provided differs from machine to
machine, but the following four areas must be covered: audio
heads, control tracks, erase heads, and the auxiliary track.

Audio Heads. The audio head is the most complex of the
head blocks found in the machines. Two audio tracks are provided
in the Umatics and they have slightly different operational
characteristics. Track 1 is for normal recording and also for audio
dubbing and so must work independently of the video system.
Track 2 is usually used in conjunction with the video system and
does not have a dubbing capability, but it can be used in the normal
edit modes. The same head gap is used for both recording and
playback, so simultaneous playback while recording is not pro-
vided. Basically these are no different from a normal audio
recorder in their operation and function, and the main thing an
operator needs to know is which is active in which operational
mode.
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In order to be able to record on Track 1 independently from
the video and other tracks, a separate erase head must be used for
this audio track. It is usually placed in the same housing as the
record/play head, Track 2 is erased by the main erase head.

Control Tracks. A control track is necessary on a videotape
in order to synchronize the tape position on playback with the
rotating video heads. The control track consists of a series of
pulses recorded at a 30 hz rate, and the same head gap is used for
both record and playback. It is identical with an audio head and is
often mounted in the same housing. The control track is erased by
the main erase head in the normal record mode and also in the
assemble edit mode. For reasons which will not be discussed here,
the control track is not erased in the insert edit mode.

Erase Heads. A main erase head for all the tape tracks—
except audio Track 1—is placed as shown in Fig. 8-9. This spans
the whole tape except this audio track. It is the same as any other
erase head found inan audio or open-reel machine. It is fed from the
main bias oscillator, which is used for the audio recording and the
other erase heads.

Erasure of the tape can cause some problems in editing. For
assembly edits these are not usually a problem because the whole
tape is cleaned by the main erase head and the new video and audio
are put onto this cleaned tape. With insert edits a different situation
exists because each video track must be treated individually. This
means it must be erased individually, and the only successful way
of doing this is with a “flying erase head.” This is like another video
record head, but it is mounted in the rotating head drum a few
degrees ahead of the record play head. It scans the video tracks one
at a time and will erase them one at a time. The erase signal for this
head is a high-frequency signal which is usually provided by a
separate oscillator and not by the main bias oscillator.

The Auxiliary Track. In some formats provision was made
at the time of inception for the inclusion of other tracks. These
were to be used for editing codes and other purposes.

The auxiliary track is suitable for the SMPTE time code.

In the U-matic machines this head is placed immediately after
the full erase-head.

OTHER CASSETTE SYSTEMS

Several other cassette systems have been introduced with
varying degrees of acceptance and success. Two early versions,
the Cartirvision and the EVR have completely disappeared. Two
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others, the EIA] single reel format and the Philips system, have
limited acceptance in the US and are covered here briefly. Several
small consumer formats have been introduced, but the two which
have become the most popular are the Betamax and the VHS,
which are described in later chapters.

The Single Ree! Cartridge Format

In this system the tape is wound on one reel only inside the
cassette— or cartridge as it is called. The free end of the tape is
attached to a stiff plastic leader, the end of which rests inside the
opening at the front of the cartridge.

The cartridge is loaded into the machine by pushing it firmly
into the loading slot—or garage—where the front flap or door
easily swings up to allow the cartridge to enter. It does not go in
completely but remains with about % in. projecting from the
machine. As it is pushed in, it pushes an arm which is mechanically
coupled to the threading arm on the internal takeup spool, and it
closes two microswitches which apply power to the motors. The
cartridge is kept in place by three spring loaded guide rollers and
two projecting guide pins. This is shown in Fig. 8-14, which also
shows the record safety lever which is pushed back by the
protective cap in the cartridge front.

The cartridge does not drop to a lower position. Instead, when
the power comes on, the reel table rises up to allow three spring
loaded pins to engage in the holes in the cartridge hub. The brakes
are nowremoved from both reels, and the cartridge hub is drivenin
a counterclockwise direction to cause the plastic leader to come
out of the cartridge opening. Both reels are belt driven to thread
the tape.

Figure 8-15 illustrates the tape threading path. The stiff
leader is guided by a metal channel around the path and then onto
the takeup spool by the threading arm. The spool revolves
clockwise to take up the tape. The stiffness of the plastic keeps it
against the guide channel, and this allows it to follow the correct
path, but when the tape comes out it falls away from this channel
and rests against the tape guides and the head drum. Unlike the
U-matic types, there is no threading arm which pulls the tape out,
and the roller and guides do not move on a ring or arm—they are
permanently mounted in position.

When the leader has engaged and wrapped firmly around the
takeup spool the threading process pulls a few seconds of tape onto
the spool, and then it jumps into the play mode as the roller
automatically closes against the capstan. To stop this automatic
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Fig.8-14. Cartridge and cartridge insertion.

playing of the tape, the stop button must be used after the
automatic play mode has begun. The stop button must be used
between all modes fromnow on.

The takeup reel is lower than the cartridge of the head drum,
and the tape path is a complete loop around the internal mechanics,
although it is only in contact with the drum for about 180 deg. Most
of the drives to the head, reels, etc. are by belt from the main
motor. A gear mechanismis used in one particular instance. Figure
8-16 shows the belts used, but the array of solenoids and relays has
been omitted.

The tape counter is driven from the feed spool by a belt and
although it is not linear, it is very accurate and the minute markings
canberelied upon.

The skew or tension control is a spring tension applied by
turning a knob. This tightens and loosens a brake band around the
feed spool.

Although the machine goes into an automatic play mode when
the cartridge is inserted, all the other modes must be individually
selected by the main function buttons. These are of the “piano-key”
type, and they operate microswitches. They must be held down
long enough for the function to be initiated; a quick, light touch is
insufficient.

The record, record safety, and the edit buttons are
separate from the others and are mechanical in their action, and
they operate slide switches instead of microswitches. They are
mechanically inhibited when the cartridge is out of the machine and
also if the safety cap has been removed. Both of these conditions
will prevent recording and E-E from occurring.
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In the fast forward mode the brake is taken off the supply
reel and the tape is driven by an idler which is belt driven from the
mainmotor. The fast forward will not work until the cartridge has
been inserted and the tape has been threaded. The auto play must
be allowed to start and the stop button used, and then the fast
forward can be used. Pressing the fast forward button upon
insertion of the cartridge will not work.

The rewind mode can be initiated any time the tape is out of
the cartridge and threaded in the machine. A belt drive from the
main motor rotates the supply spool counterclockwise and pulls the
tape back in. The tape will rewind fully, and then the cartridge will
automatically eject from the machine. If this is not required the
rewind can be stopped at any time with the stop button. If the tape
is played to its end, it will stop and then rewind completely back
into the cartridge and then auto eject. After an auto eject, to replay
the tape the cartridge must be removed almost all the way out of
the garage and then pushed in again.

The stop or pause button will keep the tape against the heads
with the roller disengaged, thus producing a still frame picture.
When the stop button is used the pressure roller is released and
the tape motion stops, brakes are applied to the reels, and the tape
does not retract back into the cartridge.

All of the functions which occur at the end of the tape are
initiated by the clear plastic leader uncovering a cadmium sulphide
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TAPE MOTION TAKE-UP REEL
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Fig.8-15. Threading path.
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cell and alowing light to fall on it. Figure 8-15 shows its physical
position in the machine.

Tape Tracks

The format used for this system is that of the common open
reel ¥z in. machines which use the EIAJ-1 tape format. In fact the
tape can be rewound from an open reel onto a cartridge and vice
versa. The tape is ¥2 in. wide and travels at 7 ¥ in./second and the
track layout is shown in Fig. 8-17.

The Cartridge

This contains one reel onto which the tape is wound, and it is
different in construction from the openreel types.

The tape is attached by about 2 feet of clear plastic leader,
called a “trailer tape,” and it is the same width as the tape. The
front end of the tape is attached to a shaped plastic leader as shown
in Fig. 8-18. This has a curve which must be in the correct
direction. It acts as a guide in the automatic threading process and
aids in winding around the takeup spool.

The spool lays in the shaded part of the lower half of the
cartridge and, when the top is put on, it is fixed with four screws.
The cartridge is opaque, and no windows are provided.

Occasionally the tape will misthread. This is caused mainly by
the leader not being securely attached to the tape, the leader being
attached with the bend in the wrong direction, or the tape
entangling in the works. It can be cured by physically removing the
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top of the machine, disentangling the tape or leader, and then
opening the cartridge and repairing the tape.

One problem which may be encountered with this format is
caused by the interchange of tapes from the open reel to the
cartridge. If a high energy tape—such as the chromium dioxide
types—are used, they may not play or record on a normal openreel
machine without head current adjustment.

The Phillips System

This is basically a European system which has been adapted
for the American and other markets. It has several attractive
features and claims advantages not enjoyed by the other systems.
Figure 8-19 shows the machine and cassette.

In this system the tape is attached permanently to two reels
inside the cassette, but the reels are mounted one on top of the
other, as shown in Fig. 8-20. Because of this mounting, when the
tape is pulled from the cassette around its threading path a natural
helical path results. This means that the drum can be mounted to
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AUDIO SCAN
AND START
CONTROL
HEADS
A=AUDIO TRACK, 1.00 mm, 0.03937 in.
B=AUDIO-VIDEO GUARD BAND, 0.15 mm, 0.0059 in.
C=CONTROL-VIDEO GUARD BAND, 0.10 mm, 0.0039 in.
D=CONTROL TRACK, 0.8 mm, 0.0315in.
E=WIDTH OF TAPE USED FOR VIDEQ, 10.65 mm, 0.4193 in.
F=WIDTH OF TAPE USED FOR ONE FIELD, 10.10 mm, 0.3976 in.

Fig.8-17. Tape tracks for EIAJ system.
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Fig.8-18. Plasticleader.

rotate in a horizontal plane with its main spindle vertical. This is
very simple to manufacture, and it puts all the pressure onto one
singlebearing at the bottom of the main shaft, with no pressure on
the sides. It is claimed that this produces a more stable and firm

S
3

o
-

Fig. 8-19. Phillips machine and cassette (courtesy of Phillips).
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Fig.8-20. Reelsin Phillips cassette.

drive than the other systems, which must use a slightly slanted
head.

The cassette is inserted into the “elevator,” which is then
pressed down. This lowers the cassette into the threading position
and drops the tape so that two pins are placed to pull it out. This is
explained in Fig. 8-21. When the play button is pressed, the
threading procedure begins. The two pins are mounted on a
threading ring which now rotates and pulls the tape out and halfway
around the head drum, as in Fig. 8-22. Note the position of the
pulled out tape, the capstan and drive roller, and the fixed heads.

When the capstan pressure roller closes, the tape is pulled
from the lower reel around its path and onto the top reel. The heads

PIN POSITIONS
BEFORE THREADING

UNTHREADED
Fig.8-21. Tapeposition TAPE
before threading.
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Fig. 8-22. Tape threaded around heads.

rotate in the same direction as the tape, which gives a smooth drive
and tape transport.

All of the operational functions are provided, including still
frame, edit, and audio dub. It is possible to record one program
off air while watching another on the TV set without any extra
external connections. Also the UHF antenna is internally con-
nected and looped through to the output without the need for an
external splitter.

The cassette consists of two flanged reels, one on top of the
other, with the takeup reel on top. It is a very compact cassette and
is much smaller than the other two reel types. Tape is provided in
lengths of 20, 30, 50, and 60 minutes.

AUDl{D 2 TAPE DIRECTION
o e T
CONTROL TRACK
‘ﬁo DIRECTION
’-‘ 1
IDEO TRA
AUDIO 1 vip cx

Fig.8-23. Tape tracks in Phillips system.

The track layout is shown in Fig. 8-23. Electronically it is
quite simple, but it uses different standards from the other formats.
One of the main advantages claimed for this machine is its

very low weight and small size. Its 31 1b is about half the weight of
the other machines.
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9

Videocassette
Electronics D 5 O°

The electronic circuits in videocassette machines are very similar
to those in other helical VTRs, and the same system of recording
and playback is used. The video signal is made to frequency
modulate a high frequency carrier which is recorded directly onto
the tape. The color information is heterodyned down to a lower
frequency and recorded onto the tape using the FM signal as a high
frequency bias, just as in audio recording. The only difference from
the other VTRs is the choice of the frequencies for the FM and the
heterodyned color.

Most of the small cassette formats have only one audio track,
but the Umatics have two. These are placed at one edge of the tape
and are just the same as the audio tracks in an ordinary audio
machine. The audio bias oscillator is also used for the main erase
head, whichis usedto clean the video, control and audio tracks.

The earliest machines all used a very simple head servo and a
belt drive to the capstan from the main ac motor. Later machines
includeda capstan servo and a dc capstan motor.

The main departures from the other VTRs are the incorpora-
tion of the TV tuner in the consumer models to allow off-air
recording and the extensive use in all machines of system control
circuits to control the automatic functions associated with the tape
transport, and the selection of the required modes by remote editor
panels.

One of the characteristics of the new videocassette machines
is their small size. In part this is made possible by ICs which have
been specially developedfor VTR use.

Several advantages accrue from the use of these ICs.

® A reduction in the size of the PC boards, as less discrete
components are needed.

® Overall performance of the machines is much more uniform
from machine to machine, and is much improved over the older
machines.

® The total power consumption is lower than with discrete
components.
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® Reliability is higher, and servicing is much easier.

Most of these ICs are from two manufacturers, Sony and
Matsushita. See Taoles 9-1 and 9-2 for the part numbers and
functions performed by the ICs. Fig. 9-1 is a block diagram of a
Betamax, taken from a service manual, which shows how the ICs
are used.

In several cases the contents of an IC, that is its actual circuit,
has not been disclosed for proprietry reasons, and so some doubt
exists as to its exact ciruit. This is reflected in the service manuals
of certain machines where a slightly different circuit may be shown
from that found in the manual of another machine. In some cases
this doubt is compounded by what are obvious drawing errors, and
slightly different descriptions of the circuit by persons whose
normal tongue is not English. However, the functions performed
by the ICusually are well described.

EMITTER FOLLOWERS, FETS AND MOSFETS

Extensive use is made of these components as switches which
pass or stop the video signal.

The emitter follower is either powered or not powered by the
record or playback 12v, thus routing a signal one way in one mode
and another way in the other mode.

With the FETs and the MOSFETs, usually the signal is
applied to the drain and it leaves at the source. A voltage at the gate
turns the transistor on or off. Their main advantage is their very

Tahle 9-1. Special IC's by Sony.

CX-131A  Y-AGC, Sync separation, Sync tip clamp, White clip, FM
modulator.

CX-133A Record chroma A.C.C., A.C.K. (Color Killer), Frequency conver-
sion.

CX-135 Y-FM demodulator, Noise canceler, Y/C mix.

CX-136A  Playback ChromaA.C.C.,A.C.K. frequency conversion.

CX-137A Record/playback Chroma A.P.C., A.F.C. (44fu V.C.O.) 3.58 MHz
frtystal controlled oscillator, 3.57 MHz crystal controlled oscil-
ator

CX-145  Syncseparation, f/44 counter

CX-150 Burst ID, Carrier phase shifter switch

CX-134A RF playback amplifier, RF switcher, Dropout compensator

CX-138  Servo:30PG pulse amplifier, CTL record amplifier

CX-139A Servo: Gate circuit, DC amplifier, CTL playback amplifier, Sync

separation

CX-141 System
control: Auto stop circuit, Tape threading control,
Video/audio muting, other protection circuits
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Table 8-2. Special IC’s by Matsushita.

Special IC's by Matsushita.

The Matsushita line of specialized ICs usually can be identified by the AN
prefix, and the following is a list of the most common.

AN 301. Video amplifier, H and V sync separator, multivibrator, output
amplifiers.

AN-302. AGC amp and detector, pre-emphasis, clamp, clippers, voltage
stabilizer.

AN 303. Emitter follower, amplifiers, mixer, clamp, mute.

AN 305. Burst gate, AGC detector, AGC amp, balanced modulator (or
frequency converter), killeramp.

AN 316. Drop-out detector, limiter, pre-amp, mixer, electronic switch.

AN 318. Multivibrators and fiip-flops, gates.

AN 236. Phase detector, ACC detector, amplifiers, clamp, oscillator, pulse
shaper.

6A753. Acascodepre-amp.

high off resistance and their quite low onresistance. The MOSFET
often has two gates. These can be tied together and the switch
pulse applied to both, or the signal can be applied to one gate and
the switch pulse to the other. In this case the MOSFET can be used
as an amplifier or asource follower.

Many ICs show in their functional diagram a mechanical
switch symbol, as in Fig. 9-2. In fact this is usually 2 MOSFETs,
operated by the same switching signal, as in Fig. 9-3. They are
alternately ON and OFF, and provide excellent switching and
isolation of the video signal.

The electronics can be divided into 8 main functions or
sections. Theseare:

Luminance recording andplayback System Control Circuits

Color recording and playback TV tuner and VHF modulator
Color correction Audio
Servos Power supply circuits

Here we will briefly review the standard method of recording
and playing back the NTSC color signal, and introduce a few of the
more important sections of the overall circuit. Then the basics of
the system control, TV tuner and RF modulator, the audio and the
power supply will be mentioned. The servos are covered in some
detailin Chapter 10.

A further refinement in the cassette machines is the various
methods used to correct the color timing errors which are so
visible in playback. The earlier Umatics used the same simple
system found in the early open reel machines, but later cassette
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Fig. 9-1. ThelC'sina Sony Betamax.

machines adopted several new ideas. Because of the range of ideas
used, color correctionis coveredin Chapter 14.

LUMINANCE RECORDING

All VTRs use the FM method of recording the video signal
onto the tape. The small helical machines, such as the cassette
models, record the luminance separately from the chroma, so the
input signal to the machine is separated into two main paths at the
input. A basic luminance chain is shown in Fig. 9-4. This very
simple block diagram is the basis of all cassette recording circuits,
but refinements have been added to most models.

A low pass filter (LPF) removes the 3.58MHz subcarrier and
leaves only the luminance components of the signal. A band pass
filter (BPF) with a bandwidth of about 1 Mhz passes only the 3.58
MHz chroma. A third path for the input signal is to the sync
stripper, but often the sync stripper is placed later in the luminance
chain.

The input luminance signal is passed through an amplifier,
which is automatically gain controlled to have a correct level of
signal at its output. Sometimes the signal is split into two paths at
this point; it is passed through a filter to restrict the bandwidth if a
color signal is being used, or a direct path is used if the input is a
monochrome signal.

Next the sync tips are clamped to a dc level. This is necessary
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as it sets a definite FM frequency for the sync tips. After this stage
the signal is pre-emphasised, just as the audio in FM radio, to
improve the signal to noise ratio of the high frequencies. The
pre-emphasis causes overshoots which are now clipped by the
white andblack clip circuit; usually the clip points are adjustable.

Then the signal is applied to the FM modulator. This is an
astable multivibrator whose frequency is varied by the applied
video signal. A control sets the symmetry of the waveform because
if the output is asymmetric with no input signal it will cause beats to
be seen on the screen, even with a signal. Often an AFC circuit is
used to ensure it stays on frequency.

The FM signal has a bandwidth as shown in Fig. 9-5. A high
pass filter (HPF) is used to clean the spectrum below about
1.4MHz and then the signal is applied to one or two record
amplifiers. Here the down converted chroma is added, as covered
later, and the combined output is fed to the heads via the rotating
transformers and the rec/pbk switch.

The rotating transformers are about 3 turns of wire in the
secondary and the primary. The primary is stationary in the head
drum and the secondary rotates with the heads. This provides a
