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This unusual guide describes all the re-
quirements for the planning, building, and
operation of a small, expandable uhf-TV
station. It will prove a valuable reference
for the station owner, manager, engineer
and technician when information is needed
on equipment, layout, technical require-
ments and economic factors involved in
small studio operation.

Based on the vast experience of the author
in every phase of broadcast engineering,
this book gives practical information, do-it-
yourself hints, and all-around tips for cutting
costs and avoiding pitfalls. It covers such
details as choosing the station location;
buying fixtures and equipment; using proper
operating techniques; and deciding man-
power needs.

Technical personnel will find complete ex-
planations of uhf tubes, circuits, transmit-
ters, transmission lines, antennas, and the
placement, operation and maintenance of
equipment. A separate chapter is devoted
to the film room, the equipment needed for
shooting sound film, processing, and op-
erating techniques. Steps and procedures for
notifying the FCC and other agencies during
the construction period are also covered.
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Preface

The day of the small-market, uht television broadcast station —the
television counterpart of the local radio station —is here. An awakening
interest on the part of the television audience and industry in this area
of broadcasting is slowly but surely gaining momentum. The number of
construction permits issued by the Federal Communications Commis-
sion to build uhf stations is steadily increasing. ‘The all-channel TV re-
ceiver, whose construction is required by law, will permit the public to
view both uhf and vhf channels without additional modifications to their
sets. Many of the stations now going on the air will have no network
affiliation, but will program according 1o the needs of their communi-
ties. As more and more outlets take the air, it is entirely possible that
another network will be formed.

This book is an effort to make available to you the author’s experience
of a number of years in the technical operation of a small-market, uhf
TV station. The information contained here, gained from working ex-
perience, will guide the reader through the intricacies involved in the
planning and building of such a station. The technical side of this opera-
tion is exposed to help the owner, manager, and engineer, or anyone
else who is interested in this medium, recognize some of its limitations
as well as its potential.

Television broadcasting equipment is a highly technical complex.
More time, effort, people, and money are required to deliver a message
or program to the public than in radio, but the impact is greater. This
complexity and cost is one of television’s greatest limitations. You will
find here a general coverage of the many factors and considerations in-
volved in the planning, building, and operation of a completely new
station. Equipment, layout, and building costs ave detailed for the mini-
mal working budget. The information contained here will certainly
save you money and time and will increase your competence and con-
fidence.

il
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Theory and technical explanations have been avoided deliberately.
All of the information is practical and workable. Approximate costs
are given where possible even though they may soon be out of date.
(This should be taken into account when you work out your own cost
estimates.) Technical charts and tables arce included so that you may
have some idea of their function and use. The actual work of deter-
mining coverage, figuring antenna height, etc., will be done by your con-
sulting engineers.

A partial listing of equipment manufacturers, tower companies, and
trade magazines is included in the appendix. Any of these organizations
will be happy to give you whatever information you may need in the
course of your planning and building.

The author would like to express his thanks and appreciation to those
manufacturers who have so generously supplied photographs and speci-
fications of their equipment, the uhf stations who have supplied in-
formation on their operations, and the many individuals who have
offered him so much encouragement as he worked on this book.

Muncie, Indiana PATRICK S. FINNEGAN
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Chapter 1
Selecting a Site

The first important consideration for site selection is the geographical
location of the station. One cannot just decide to operate in some
particular city because he likes the market and then proceed to build a
station. If such were the normal procedure, there would be so much
interference among stations that few, if any, could provide a suitable
signal over any given market. Recognizing this problem in the very
early days of radio broadcasting, the United States Congress passed
radio laws, now known as the Communications Act, to regulate the use
of the airways. The Federal agency set up to administer and enforce
these laws is the Federal Communications Commission (FCC). All
radio and television stations live and opcrate under what are known as
The Rules and Regulations of the FCC and The Standards of Good Engineer-
ing Practice. In the Rules is a Table of Assignments that assigns specific
channels for the major communities in this country. You must apply
to the FCC for use of an unoccupied channel in a community listed in
this table (or within a 15-mile radius of any such community).

You should also be reasonably sure of what your organization pro-
poses to do in television, both for the present and on a long-range
basis. Most of the smaller-market uhf TV stations should begin on a
small scale, performing an adequate service for their immediate market
area, just as small radio stations have achieved their own level of per-
formance according to their own market area.! Trying to imitate the

1 Market area and population cenler, as used in this text, are not synonymous terms. Popu-
lation center indicates villages and communities with a legal and political status and, in
many cases, the suburbs that have developed around these communities. Market area
refers to any geographical area in which the residents look upon a larger nearby townor
city as the center for their buying and business activitics.

1
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Fig. 1-1. A 500-foot, self-supporting tower. (WLBC-TV, Muncie,
Indiana)
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large metropolitan station with its greater reserves of cash, talent, and
equipment will most likely produce very unsatistactory results and often
may result in failure ot the business.

Basic Factors in Site Selection

Terrain and Population Centers

There will be readily-apparent factors influencing site selection. There
are also factors that are not so evident. If your company is an operating
AM or FM station, you may already have buildings, towers, and some
equipment that can also be used for television. A well-planned use or
expansion of these facilities 10 incorporate television, if feasible, may
hetp reduce initial investment costs considerably.

Terrain and population centers will have a great bearing upon just
what can be done when selecting a site for the maximum or most bene-
ficial coverage. Chapter 2 indicates how these factors are to be taken
into consideration. The terrain of the immediate and outlying areas
must be considered because hilly or mountainous terrain presents
different transmission problems than those encountered in an area
with flat terrain. Population centers should be considered because
the FCC Rules specify that a definite amount of signal must be delivered
over the entire principal community. (The FCC also specifies signal
amounts for the primary and secondary coverage areas.) The signal
specified for the principal community must be supplied, unless you can
convince the FCC that your situation is ditferent and requires special
consideration. Chapter 2 indicates what coverage is necessary and how
it is estimated.

Airports, Airlanes, and the FAA

The Federal Aviation Authority (FAA) must receive and OK an appli-
cation for your proposed tower site. If an airport or airlane is close to
where you want to locate the tower, the FAA may oppose your decision.
Usually, however, there is no objection from this agency unless you
wish to erect a tall tower or one that will adversely aftect air travel. It is
possible, though, that you will be required to use special lighting on the
tower because of site location; this special lighting will probably in-
crease costs for the station because of the additional equipment re-
quired. In one case, a station was required to use three lashing 1000-
watt beacons, instead of one flashing beacon at the top and smaller
marker lights at lower levels.

Building Codes and Ordinances

Building codes in your community may bar the erection of a tower
within the city limits or in certain areas, or the tower may have to meet
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certain specifications. Compliance with the building codes or ordinances
is not difhicult, unless there are some very special restricions. When
there are restrictions, your costs may be increased in meeting them.
Early consultation with the proper authorities will certainly help you
avoid hidden building costs.

Tower Location and Maintenance

Erecting and maintaining a tower in densely-populated areas can
sometimes present a real problem, especially in downtown areas. There
will be hazards in erecting, painting, and servicing the tower. There may
also be a falling ice hazard in the winter. Such conditions will be re-
flected in higher costs to the station. In heavily-populated areas the roof
of a building may have to be reinforced to support a tower, or building
codes may require special structural strength in the tower. Insurance on
the tower will probably be higher and on a continuing basis. Tower-
servicing companies will be required to pay higher insurance premiums,
which will probably be passed on to you as higher costs.

Expansion Plans

Future plans should always be considered, especially potential ex-
pansion. Although one piece of real estate may appear to be ideal for
present needs, it may not be large enough in the future. For example,
a future increase in tower height may require that the guy wires and guy
anchors be located well off the present or considered property. It the
property appears adequate for the present, it would be wise to investi-
gate adjacent properties and make arrangements with the owners to
secure a lease, easement, or some other legal instrument that would
permit use of these properties when you need them. In this regard,
also, the drainage of the selected property, as well as adjacent properties,
should be thoroughly investigated and corrective measures taken before
any building is started. One could awake some morning after a night of
hard rain to discover that his station is located in the center of a junior-
sized lake.

UHF Propagation Problems

Propagation problems also have a definite bearing upon the final site
selection. The uhf channels are affected more by hills and buildings than
are the lower vhf channels. Such barriers can cause serious shadow areas
(Fig. 1-2) in the coverage, especially if there are population centers in
such shadows. UHF deteriorates more rapidly after it gets to the horizon
and beyond it. If you are to serve several small communities that are
some distance apart, you may want to locate in the center between the
communities, so that each can be served equally.
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NO PICTURE, POOR PICTURE
OR GHOSTS

T

PRINCIPAL HOUSING
(STUDIO AND TRANSMITTER) COMMUNITY AREA

Fig. 1-2. Signal barriers cause shadows in the coverage area.

UHF and VHF Reception. There have been scveral studies inade com-
paring uhf with vhi signals. The most recent test was conducted in New
York City by the FCC and several interested groups. The basic purpose
of this test was to determine if uhf would work in a city of canyons
formed by tall buildings. Although there is some disagreement over the
methods used and the indings of this test, the conclusions are as an-
ticipated: uhf will work satisfactorily in such an area, although it was
found 10 be more susceptible to multi-path (ghosting). However, all
signals, vhif and uhf, have ghosting problems at these locations because
so many surfaces are reflecting signals.

Measurements made in residential areas, where one- and two-story
homes predominate, revealed no difference between pictures obtained
from the uhf or vhf signals. As also was expected, the vhf signals were
usable at greater distances from the transmitting antenna than were
the uht signals.

Location Setups

There are several basic alternatnves that may be considered when
selecting sites for a uhf studio and transmitter. Although their applica-
bility is determined primarily by terrain and population density, equip-
ment and construction cost diflerences should be taken into account.

Separate Studio and Transmiiter

It may be desirable to locate the studio in the city and place the trans-
mitter on a high hill or mountain, linking the two with telephone comn-
pany cable or microwave or your own microwave link.
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Advantages. This method has many advantages and may be the only
solution in some arcas. On a high hill or mountain, important antenna
height can be obtained with a relatively small 1ower, and shadow area
problems will be eliminated (Fig. 1-3). Property outside of a built-up
area may be less costly to buy or lease, the insurance premiums on the
tower will be lower, and there will be fewer building codes and ordi-
nances to contend with. The transmitter building can be a simple, purely
functional affair, since there will be few people to see it and no prestige
to maimntain. Falling ice won’t be too much of a problem and there need
be no concern with flying paint when the tower is being painted, therchy
lowering painting costs.

SHORT TOWER

NO SHADOW

TRANSMITTER
BUILDING
GOOD PICTURE

PRINCIPAL HOUS ING
TV STUDIO COMMUNITY AREA

Fig. 1-3.  Shadow areas can be eliminated by placing the transmitter on
the highest location possible and using microwave between the studio and
the transmitter.

Disadvantages. Offsciting these cost-saving features will be the cost of
the studio-transmitter link (STL). This mav be telephone company
cable or microwave, or company-owned microwave. The telephone com-
pany will install and service its own equipment and charge you a monthly
rate. Your own microwave, if this method is chosen, will be bought,
installed, and serviced by vour company. You will need a transmitter
and microwave antenna at the studio and a microwave antenna and re-
ceiver at the transmitter. A line-of-sight path is requured and the beam
should clear hills and buildings by at least 100 feet to avoid retlections
and other problems that would reduce 1ts retiability. Microwave installa-
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tion and upkeep are expensive. (Cost figures on telephone company
and company-owned microwave systems are given at the end of the
chapter.)

UHF television transmitters are usuallv manned by licensed engineers
when in operation. Recent FCC rule changes permit remote control of
uhf transmitters, provided that the stability and reliability of the trans-
mitter are demonstrated and that appropriate remote control equip-
ment will be installed.

If the planned TV tower is on the same site as a broadcast radio
directional antenna system, there will be other difficulties. The new
tower will affect the radio antenna directional pattern, which will have
to be retuned to its original pattern. In some cases the directional pattern
will be so offset that it can’t be retuned to its normal pattern. If so,
another site will have to be found for the TV tower. One station, for
example, found that the TV tower, which had been erected 500 feet
from the radio antenna, changed the antenna’s base impedance from
800 ohms to 1000 ohms and put a slight dent in its coverage area in the
direction of the TV tower, but it was nothing serious. Another radio
station, which had a two-tower directional system, solved its interference
problem by cutting the top off one radio tower and mounting the TV an-
tenna on it, which brought the tower height back to normal. By doing
this they climinated interference and saved the cost of a new tower —an
acceptable method if the radio tower is high enough to suit television
transmission requirements.

Access roads and utilities may prove to be yet another problem. Elec-
tric power lines, telephone company circuits, and poles may have to be
constructed a long wayv to get to a separate transmitter building. Local
utility companies should be consulted about construction costs. (In
some areas, these companics may absorb such costs in anticipation of
long-time service.) Also, it may not be possible to get city water ex-
tended to the proposed location. A well will have to be drilled, which,
on a hill, may be quite deep and unreliable. The higher power trans-
mitters use water cooling for the power tubes and require a reliable
supply of water. Well water may have 1o be filtered to keep mineral
deposits from causing high voltage leakage and trom clogging or cor-
roding small ports in the tubes and connections. (Klystron tubes do not
use small ports within the tubes themselves, but the connections and
piping can become corroded.)

Access roads will have o be passable in all seasons, unless the trans-
mitter personnel live at the site. FCC rules require necessary facilities
for operating personnel if the transmitter is not remote-controlled.
When operators live at the site, greater facilities must be supplied for
steeping, cooking, sanitation, and relaxation.
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The separate studio-transmitter arrangement is usually the most ex-
pensive to mstall and maintain. More manpower is required, because
crews will be needed at both sites, unless remote control is employed.
More equipment is needed; tools and test equipment will be needed in
duplicate. (You can well imagine how much air time could be lost be-
cause tools or test equipment are at the wrong site when needed.) Addi-
tional expensive equipment, such as microwave STL, will be necded.

SMALL
ON-CHANNEL
Py TV SIGNAL
REBROADCAST

INTO SHADOW

PRINCIPAL HOUS ING
TV STATION COMMUN ITY AREA

Fig. 1-4. Shadow areas can also be eliminated by using a small, on-
channel hooster.

Combined Studio-Transmitter

Combining the studio and transmitter location will greatly reduce
operational costs and manpower. If you decide to use this method
in a highly congested area, such as a downtown site, some of the ad-
vantages may be oflset if therc are higher costs resulting from compli-
ance with building codes or ordinances, costs of erecting and maintain-
ing the tower, and higher insurance premiums on the tower. These
additional costs should not be great enough to rule out use of a good
downtown site. [f vou can construct a combined studio and transmitier
located at the edge of town, away trom densely populated areas, you
will achieve the optimum in low costs for the small uhf television
station. (However, locating the studio outside the principal community
will require a waiver of the FCC rules. This can be obtained with a
proper application showing that such a location will best serve the
public interest and service for your area.)
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Properly planned, this method will reduce manpower requirements,
since your transmitter engineers will also be your studio enginecrs.
There will be no cost for remote control equipment and circuits. Ex-
pensive microwave or telephone company microwave will not be needed.
There will be no duplication of tools and test equipment. Only one
section of property and one building will be required, which means
lower property taxes, lower insurance rates, and less heating equipment
and building facilities. Access roads will be public streets, kept clear and
in good condition by street or highway departments. All utilities will be
available, including water. Such factors minimize construction and
upkeep expenses.

Studio Transmitter Links — A Cost Comparison

Company-Owned Microwave System

Obtaining a permanent microwave studio-transmitter link (STL) re-
quires careful planning to ensure the installation of reliable, high-
quality circuits. Manufacturers of microwave equipment will give the
station every assistance in selecting the correct equipment, planning the
installation, and checking out the system after its completion.

Seldom are two microwave installations i(lenlycal, because each one is
designed to meet specific requirements. The equipmentused is standard,
but its arrangement and accessories will be dictated by the circum-
stances. Consequently, the equipment used in the following cost basis
has limitations which the reader should keep in mind. This system is
used in a minimum installation where the antennas will be mounted
directly on the roof of each building without additional towers, and the
transmitter and receiver will be mounted directly on their respective
parabolas in waterproof cases, using control cables back to the control
units inside the buildings. The equipment and figures are based on a
portable RCA microwave (MW) system, adapted to this use. Prices are
always subject to change and will vary with manutacturer.

Within these limitations, « simple STL microwave system that includes
both a video and a sound channel will cost approximately $14,275,
computed as follows:?

Sending equipment needed at studios (includes portable MW trans-
mitter, antenna parabola, roof mounts, interconnecting cables): $6,515

Receiving equipment needed at transmitter (includes portable MW re-
ceiver, antenna parabola, roof mounts, interconnecting cables): $7,760

No installation costs are included. It is expected that station personnel will install and
maintain this system and the station will supply replacement parts and tubes. If special
installation procedures are required and outside help is needed, the additional costs
could be considerable.
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Remember, also, that station engineers must maintain the system and
spare parts and tubes will be supplied by the station.

Telephone Company Microwave Service

Telephone company rates for STL service are based on tariffs cleared
by the FCC. The rates in the following example are based on the Indiana
Bell System tariff. If you are located in or transmit through an area
serviced by an independent telephone company, the rates may vary
somewhat from this figure.

Two separate structures are involved, one for the video circuit and
one for the sound circuit. The telephone company also has certain
prerogatives when providing service. They have the right to use any
method necessary to obtain the service (e.g., microwave, coaxial cable,
multiplexed audio, or wire circuits). Whatever method is used, the re-
sults and rates will remain the same.

A local channel is a link between any two points within an airline dis-
tance of 25 miles. The rates used and discussed here are based on the
local channel ratesand have nothing to do with network interconnection.

Video Rates. Based on the Indiana Bell System tariff, the monthly
video channel rates for a STL system are comprised of a base fee of
$175, a charge of $20 for each quarter mile up to 8 miles, and a charge
of $35 for each mile or fraction of a mile beyond 8 miles. To illustrate
how this tariff is applied, assume the following hypothetical case, where
the distance between the studio and transmitter is 6 airline mites. The
monthly charge for the video will be $655, computed as follows:

Base fec 8175
Quarter-mile units

($20 X24) 480
Total $655

It the local channel distance in this example were 10 miles, the video
circuit monthly charge would have been $885, computed as follows:
Base fee $175
Quarter-mile units
($20 X 32) 640

Additonal miles
($35 X 2) 70

Total §885

Audio Rates. The sound channel rates are lower and are determined
in a different fashion. The highest quality audio service, equalized 50 cps
to 15,000 cps, is necessary so that the station overall system will meet
FCC specifications. There is no base rate. The distance charges are $4.10
for the first quarter mile plus $1.85 tor each additional quarter-mile
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unit. Using our first example of a 6-mile airline distance, the monthly
audio circuit charge will be $46.65, computed as follows:
First quarter-mile unit $ 410

Additional units
($1.85 X 23) 42.55

Total $46.65

Video Installation and Construction Charges. In the normal STL, there
will be no installation or construction charges for the video circuit.
Should your system have some special requirements, such as an unusual
site problem requiring a multiple hop, there may be some installation
charge. Your local telephone company will let you know what your
requirements are.

Audio Circuit Installation Charges. There is an installation charge on
the audio circuit that is paid at the beginning of service. On a high-
quality circuit, such as you will need, this charge will be $25, paid only
once.

All rates considered, the 6-airline mile unit would entail a total
monthly charge for audie and video circuits of $701.65, which would
amount o a total yearly charge of $8,419.80.

Site Selection and Cost (Three Representative Examples)

Building costs will depend upon many factors, as indicated earlier in
the chapter. The following examples of what has actually been accom-
plished will help illustrate what can be done, given a set of conditions
and requirements. The reader should keep in mind that thesc cost
figures will not necessarily match his own. The figures given do not in-
clude television technical equipment, which, of necessity, w ill vary with
each station. In each example, the station used the combined studio-
transmitter operation. (The population figures given in each case are
not the true market poputation. The figures shown are for the principal
cominunities only, as simple reference points. The cost figures should
not be considered typical or even average. Any average that could be
drawn from them would be meaningless. The figures are given only (o
show what has been done in particular cases.)

WBJA-TV, Binghamton, N.Y. — Channel 343

The Binghamton market area is made up of Binghamton and four
smaller cities close together. The area population is about 125,000, a
medium market.

30n the air November 3, 1962.
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The terrain is very rough and mountainous in this area, with the
cities concentrated along river valleys. Two rivers join at this point
and the mountain ranges form an irregular horseshoe. The necessity of
proper coverage of the entire market area from one location narrowed
site location to only a few places. The site selected was on a hill over-
looking the valley, on the curve of the horseshoe. Since the studio was
to be located outside the city limits, a waiver of the FCC rules was re-
quired. The lease negotiated for the land costs WBJA-TV $135 per
month.

A completely new building was erected and is owned by the station.
Built on one floor, it includes offices, studios, and transmitter in a floor
space of 3600 square feet. The total cost of this building was $37,500,
which does not include technical equipment. Most contractors use a
“rule-of-thumb” figure 10 estimate cost of a commercial building of
$20 to $25 per square foot. This station did much better than that
with a cost a little over $10 per square foot.

Fire insurance premiums were somewhat higher because of the toca-
tion outside the city limits. No liability figures were supplied for the
tower. Insurance premiuns were not a large factor when determining
the site for this station.

To provide the necessary coverage of the market in this rough ter-
rain, a 545-foot tower and a 12.5-kw transmitter were required. The
rough terrain also presented some severe tower-guying problems.
Special guying and special anchor sites were required. (This special
guying increased the cost of the tower by $4000.) The total tower cost
was $31,500, which covers tower and guys only, and does not include
erection, guy anchors, or antenna. As this was a peculiar situation, it
is not an average tower figure?

WTAF.TV, Marion, Indiana — Channel 31

Marion is a small market with an area population of about 76,000 and
a city population of about 38,000. The terrain is flat to rolling with
some isolated rough spots, but nothing that will interfere with trans-
mission. Coverage of such an area does not require a high tower or
high-power transmitter.

One of the largest single factors contributing to site selection was the
availability of a building only one block from the city square that was
so ideal it appeared to have been designed for television use. It was a
regularly-used club building, two stories high, with a basement that in-
cluded a cafeteria and lounge. The main room on the second floor was

4 Information and cost data supplied by Mr. Harold Bennett, National Program Director,
Alfred Anscombe Stations,

50n the air October 1, 1962,
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quite large (40 X 50 fect) with a high 18-foot ceiling and no posts or
similar obstructions. The frst floor also contained a large room and
smatler rooms. The building was relatively new, modern in every way,
with an excellent front entrance to the street.

A five-year lease was obtained tor the building (the club retained the
basement, with its cafeteria and lounge), which costs the station $350 a
month. The lease is renewable at the end of the flive-year period, and the
station has first option to buy either at the 5- or 10-year period.

Fig. 1-5. A typical modern uhf television station using a combined studio-
transmitter location.

The only remodeling necessary consisted almost entirely of installa-
tion of necessary clectrical components and hardware, such as breaker
boxes, conduits, etc., to handle the power requirements of television.
This work was done by an electrical contractor for a total approximate
cost of $4000. The remaining remodeling consisted of building a control
room at one end of the lurge room (now the studio) and partitioning
off the large room downstairs into offices and work rooms. The actual
cost of this work was for the lumber, about $1000. The carpentry work
was done by the owner, who is a confirmed “do-it-yourselfer.”

Since a high tower was not required, a 180-foot tower was erected on
the ground immediately behind the building. The complete cost for the
tower, plus its erection, was about $9000. This figure does not inctude
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the antenna. Insurance premiums for the tower run higher in this loca-
tion, but this factor is minor compared to the positive features of this
set-up. Figures were not supplied for liability insurance, but premiums
for insurance to replace the tower and antenna, should it fall, run about
$150 per month.8

WLBC-TV, Muncie, Indiana — Channel 497

The Muncie market is made up of Muncie with a population of ap-
proximately 70,000 and several smaller cities within a short distance.
This would be classed as a small market.

Terrain is gencrally very flat; with some rolling ground to the south.
Coverage of such a market from a central location with a low-power
transmitter is not difficult.

The primary consideration which carried the greatest weight in the
site selection was the fact that the TV station was being organized by an
established radio operation with property and buildings. The original
building was extended to accommodate the television facilities. The new
extension added approximately 1700 square feet to the original build-
ing. The total cost of this extension was $30,000, which includes all the
necessary electrical work, heating, and other building facilities (but not
television technical equipment).

The radio tower was too low in height (a nondirectional system) for
television purposes. Since the building was located adjacent to a main
highway, there was no room to place guy wires and anchors. Conse-
quently, it was necessary to erect a self-supporting tower. As the tower
was located at the edge of the city, many neighborhood children were
available 10 try their daring at tower climbing. This made construction
of a strong fence around the base of the tower a necessity. The total
cost for this 500-foot tower (heavy-duty, self-supporting), concrete
bases, erection, etc., and the fence around the tower base, but not in-
cluding the antenna and tansmission line, was approximately $80,000.

No problems were encountered with building codes or ordinances. A
new insurance policy was taken oui to cover the new tower, which, of
course, meant an additional insurance premium.?

8Cost figures and other data were supplied by Mr. Gene Thompson, president and
owner ol WTAF-TV.

70On the air May 8, 1953,

8 Information and cost data for WLBC-TV were given by Mr. Don Burton, president of
Tri-City Radio Corp.



Chapier 2

Estimating Coverage

Antenna Location and Required Field Strength

The FCC Rules, paragraphs 73.685 (a) and (b) state:

“The transmitter location shall be chosen so that, on the basis of the effec-
tive radiated power and antenna height above average terrain employed,
the following minimum field intensity in decibels above one microvolt per
meter (dbu) will be provided over the entire principal community to be
served: Channels 14 —83, 80 dbu.”

“Location of the antenna at a point of high elevation is necessary to re-
duce to a minimum the shadow effect on propagation due to hills and
buildings which may reduce materially the intensity of the station’s signals.
In general, the transmitting antenna for the station should be located at
the most central point at the highest elevation available. To provide the
best degree of scrvice to an area, it is usually preterable 1o use a high an-
tenna rather than a low antenna with increased transmitier power. The
location should be so chosen that line-of-sight can be obtained from the
antenna over the principal community to be served; in no event should
there be a major obstruction in this path. The antenna must be constructed
so that it is as clear as possible of surrounding buildings or objects that
would cause shadow problems. It is recognized that topography, shape of
the desired service area, and population distribution may make the choice
of a transmitter location difficult. In such cases, consideration may be
given to the use of a directional antenna system, although it is generally
preferable 10 choose a site where a nondirectional antenna may be
employed.”

L1f you do not have a copy of the FCC Rules and Regulations, you should obtain one. In
particular, order Volume 11, Parts 73 and 74 (Rudio Broadcast Services and Experimental,
Auxiliary, and Special Broadcast Services) from the U, S. Government Printing Othce, Wash-
ington 25, D. C. There are other parts ol the FCC Rules that affect broadcasting which
you will want to have (see Chapter 12); parts 73 and 74 cover the material discussed here.

15
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According to the FCC Rules, then, you must provide a minimum of 80
dbu signal strength over the entire principal community you are to
serve. The farther away from the community that the transmitter is
located, the more diflicult it is to meet this minimum. Increasing cover-
age to meet this minimum will generally mean more power and/or a
higher tower, both of which will increase costs. This requirement is
not hard to meet as smaller cities and their population centers are not
spread out as far as large metropolitan areas; 80 dbu signal strength
may be obtained with lower power and antenna height and the trans-
mitter may be located closer 1o town.

TALL
BUILDING

SHADOW
AREA

_ PRINCIPAL
TV STATION COMMUN ITY

Fig. 2-1.  [In a situation such as this, use of a short tower seriously impaurs
service over the principal community.

Grade A and Grade B Contours

The FCC Rules, paragraph 73.683, Field intensity contours, state:

“In the authorization of television broadcast stations, two fhield intensity
contours are considered. These are specified as Grade A and Grade B and
indicate the approximate extent of coverage over average terrain in the
absence of interference from other television stations. Under actual con-
ditions, the true coverage may vary greatly from these estimates because
the terrain over any specific path is expected to be different from the
average terrain on which the field strength charts were based. The re-
quired field intensities, F (50, 50),2 in decibels above one microvolt per
meter (dbu) for the Grade A and Grade B contours are as follows: Chan-
nels 14— 83, Grade A, 74 dbu; Grade B, 64 dbu.”

2The term F (50, 50) means that the estimated field strengih of the signal is exceeded
50 percent of the time at 50 percent of the receiving locations.
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As stated, the Grade A and B contours are used only to estimate cov-
erage. There are many things which can affect your signal level in any
particular area (e.g., a mountain ridge). In licensing procedures, these
variations are not considered by the FCC, unless you can demonstrate
you have a peculiar problem. The contours are submitted to the FCC
tor the following purposes: (1) to estimate coverage from a given an-
tenna site; (2) in connection with coverage problems arising from com-
pliance with section 73.636 of the FCC Rules (overlap of coverage by
multiple station owner); (3) to determine if the required signal strength
over the principal community is being supplied.

There should be no difficulty in providing the required signal strength
over the principal community in smaller markets, because they are not
usually spread out very far. However, when two or more smaller com-
munities that are located close together form the same market area,
it may be difhcult to find a suitable site. The FCC usually designates
these compound markets by joining them with hyphens, such as South
Bend-Elkhart, Indiana or Norfolk-Portsmouth-Newport News, Virginia.
Such areas represent the principal community and you must provide a
signal strength of 80 dbu over each one. Additional difficulties can arise
in such cases if the terraimn is rough. They can be serviced, but more
power and antenna height will be required.

Making a Profile

The easiest way to determine the antenna height above average ter-
rain is to make a profile of the area you wish to cover. Making a profile
will require data on the topography of the area. This information can
be obtained from topographical maps that indicate elevation contours
above sea level.? Unfortunately, all areas of the country have not been
mapped in this way, so you may have to estimate elevations. For vour
own purposes, you can use fairly rough estimates, although vour con-
sulting engineer will have to supply accurate data when making applica-
tion to the FCC. If you can obtain an altimeter that can be used in an
automobile, it should not be difficult to determine variations in eleva-
tion in your area (provided that you can find roads going in the direc-
tions you wish to cover). If the area is very flat, you can get the esti-
mated coverage merely by using the chart figures and the height of the
radiation center of the antenna above ground.

8U. S. Geological Survey Topographical Quadrangle Maps may be obtained from the
Deparutment of the Interior, Geological Survey, Washington, D. C.
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Topographical Maps

For the benefit of those readers who are not familiar with topograph-
ical maps, a brief discussion of some of the terms used may help them
understand how average terrain figures are developed.

Topographical maps are similar to road maps, but include much more
information in regard to the shape of land formations. These maps
indicate topographical features by the use ot contour lines (Fig. 2-2).

EVERY FIFTH LINE DPARKER

TOPRP OF H/LL

LINES CLOSE TOGETHER INDICATE
OROP-0FF OR CLIFF
Za—BASE OF HILL

950" LINES WIDE APART
INDICATE FLAT AREAS

HE/IGHT IN FEET OF
CONTOUR LINE

ABOVE SEA
LEVEL

CONTOUR INTERVAL
aed FIGURE FOUND IN
Z%S,fo el o CONTOUR INTERVAL - /0°

SCALE OF MILES

Fig. 2-2. An explanatory representation of contour limes on a typical
topographical map.

Contour lines show the shape as well as the height of the land they
describe. Ordinarily these lines terminate upon themselves in complete
loops, although in very rough ground or deep ravines with a river at
the bottom, they may terminate abruptly. Every fifth line is usually
emphasized with a heavier color or thicker line. Each line is marked
with a number that indicates height, in feet, above sea level. Every-
where that a particular line runs, the ground at that point will be that
height above sea level. (Average sea level throughout the world is used
as a basis for all land height measurements, with sea level given the
value of zero.) For example, a contour line with 980 written on it is
980 feet above sca level.

These heights of land are also called elevations. The contour line
mentioned above has an elevation of 980 fect above sea level.

Contour lines are labeled according to the contour interval. The in-
terval value, given in feet, will be indicated at the bottom of the map
near the mileage scale. It represents the interval between adjacent con-
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tour lines. This is not the horizontal distance between lines, but the
difference in height above sea level. The horizontal distance between
adjacent lines will vary, depending upon the land contours. If, for
example, the contour interval is 10 feet, a perfectly flat field, several
hundred feet long, would cause the contour lines on the map to sweep
far apart to describe this flat area, but the next contour line will still
be only 10 feet higher in elevation than its neighbor.

As contour lines describe a hill, they will be long and irregular closed
loops with each loop being shorter than the preceding one as the height
approaches the top of the hill. The top will usually be shown by a small
closed loop.

Drawing the Profile

A profile of the land is similar to a profile photograph of a person; it
is taken directly from the side. Since it is not possible to view the land
this way, land profiles actually are a description of a cut-away or cross-
sectional slice of the land.

Drawing a land profile is a simple matter when one has a topograph-
ical map. Take a pencil and straight edge and draw a straight line

N 380’ 420’
420- 420°

460*
460" @
& (o DU EAST i

207"

_,\B MANED

— 2 8MILES
MILES

Y v

TOWER
LOCATED AT "X"

Fig. 2-3. Plotting the east radial for a proposed antenna location. Use 50
elevation points to delermine average terrain on this radial.
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across the section of the map you wish to profile (Fig. 2-3). Then mark
off the divisions on a piece of graph paper to conform with the map
scales (Fig. 2-4). On the left side of the graph paper, label the horizontal
lines according to the contour intervals of the map. This will be the
elevations and the ordinate of the graph. Thus, if the contour interval
1s 10 feet, each horizontal line or major division will indicate a 10-foot
elevation interval. It isn’t necessary to carry these lines all the way down
to sea level, unless the sea will be part of the map section viewed. Only
go as far as, or a little beyond, the lowest point that will be anticipated.
The lowest elevation will be at the bottom of the ordinate.

] RADIATION. H
CENTER OF )
— ANTENNA
Swl 1 I
N HEIGHT OF RADIATION
IS CENTER OF ANTENNA
T GROEUV"Q 7 ABOVE AVERAGE TERRAIN 1|
| FOR THIS RAD1AL
_5400" - -
o ROCLET AVERAGE TERRAIN 1]
1% : Tt 424,7" ABOVE SEA LEVEL

"ALZQI QSN Sy S S R S S U gy - _:-—..T:.._..—---.—-—--5..-—” : — - g —
350" e : Pept

2ZMILES T

1 8 M ILES——
ABOVE 1 I
[SEA !
LEVEL

DUE EAST RADIAL
SEA LEVEL {

Fig. 2-4. By plotting the elevation points obtained, you will produce an
accurate profile for each radial.

Next, divide the line drawn on the map into equally-spaced points,
making as many as desired. Starting at the left on the graph paper,
mark the points on the vertical lines of the graph paper that correspond
with the points marked off on the line drawn on the map. The vertical
graph lines will correspond to the distance covered by the straight line
drawn on the map and will be the abscissa of the graph.

To plot the profile accurately on the graph, read each point of eleva-
tion on the straight line on the map at each of the line divisions. These
divisions will not all fall on a contour line and many will be in between.
When they are, interpolate the distance between the two adjacent con-
tour lines to determine the elevation at that point. For example, if your
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point is halfway between the 970 and 980 contour lines, the elevation
at that point is 975 feet above sea level. When all the points are plotted,
draw a smooth line connecting all the point of the graph together, and
you have completed the profile.

The FCC requirements for profiles that determine the average height
above sea level for the antenna site are spelled out in the FCC Rules. In
them, the term radial is used. The line drawn on the map in Fig. 2-3
could be called a radial. However, as used by the FCC, radials are lines
drawn outward from the antenna for a specific distance, and a specific
number of them are required. When drawn on the map, they look very
much like the spokes of a wheel.

Although not directly related to profiles, Grade A and Grade B con-
tours, which are used in discussing signal coverage, can be graphically
represented with radials. By using the radials as the spokes of a wheel,
with their direction indicating the signal moving away from the antenna,
at the points where the signal intensity diminishes to the prescribed
minimum values for Grade A and Grade B service, we can draw a rim
for the wheel that is a circumference with the radials as radii. The two
circles drawn in this fashion would describe the estimated coverage
pattern.

For the profile required by the FCC for determining antenna height
above average terrain, only the elevations along each radial between
2 and 10 miles from the antenna site are used. The distance from the
antenna out to the 2-mile point is not figured into the computations.
Eight radials are required, spaced 45 degrees apart, starting at True
North (i.e., the number one radial from the antenna must point to True
North). One of the eight radials should run through the principal com-
munity to be served, even if it is more than 10 miles from the antenna.
If one of the eight radials does not run through the principal commu-
nity, an additional radial should be added that does. It is important to
know the signal path and the topography directly between the antenna
and the principal community. However, when determining average
elevation for the antenna site, only the original 8 radials are used.

The profile along each radial should be plotted on graph paper. The
contour intervals on the left side of the graph should be between 40
and 100 feet. The section of the radial between 2 and 10 miles from the
antenna should be divided into 50 evenly-spaced points that are plotted
on the vertical lines on the graph. In very rugged or mountainous ter-
rain, where 100-foot intervals may result in too many closely spaced
points in a short distance, you may use 200- to 400-foot intervals. The
profile should indicate the topography accurately along each radial.
The graph should also show the radiation center of the antenna. At the
bottom or corner of the profile, indicate the radial number or its degree




22 PLANNING THE LOCAL UHF-TV STATION

designation, the name ot the map, and the source of topographic in-
formation. If these profiles are to be submitted to the FCC this informa-
tion is required; for your own purposes, it need not all be mcluded.

The radiation center of the antenna is the center of the antenna, not
the top of the antenna or the top of the tower. In all discussions of prop-
agation, when the term antenna height is used, it most generally means
the height of the radiation center of the antenna above average terrain.
There can sometimes be a great difference between antenna height
above ground and antenna height above average terrain. In some moun-
tain locations, it is possible that the antenna height above average ter-
rain may be a negative value, such as so many feet below average terrain.
This could happen where an inaccessible mountain ridge is higher than
the antenna.

Fig. 2-5.  This antenna location is 3697 feet above average terrain at an
altitude of 7622 feet above sea level. Used by KERO-TV, Bakersfield,
California, the antenna s enclosed in a radome for protection from severe
weather. (GE)

In Fig. 2-4 the height above sea level for the 50 individual points
marked off on the sector of the radial from 2 to 10 miles from the an-
tenna were added together, giving a total of 21,235 feet. This figure
was divided by 50 (the number of points figured) to get an average
height above sca level of 424.7 feet for the terrain along this radial.
A dashed line was drawn across the graph to show how much higher the
radiation center of the antenna is above average terrain for this radial.
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To obtain the final average elevation for the antenna site, the average
height above sea level for each of the 8 required radials must be de-
termined. These values are then added together and divided by 8.
Naturally, the tower and antenna height is added to this figure to find
what the radiation center of the antenna is above average terrain.

Using the FCC F (50, 50) Chart

The FCC F(50, 50) chart for channels 14 —83 (Fig. 2-6) is used for
predicting coverage. This chart is based on 1 kilowatt of radiated power
from a dipole antenna that provides 103 dbu unattenuated field strength
at one mile. (Trim the scales provided with the chart or use dividers
when the chart is to be used for powers other than 1 kilowatt.) Most
small uht stations will use more than 1 kilowatt radiated power. With
present high gain antennas, a 1 kilowatt transmitter will produce an
effective radiated power of several thousand watts, depending upon
channel and line losses. Use this figure when deciding what tower height
and power combination you wish to use to get the desired coverage, but
remember that the line loss will increase with higher towers because
of longer transmission lines.

For radiated powers other than 1 kilowatt, align the sliding scale in
a vertical position, so that the desired power figure on the scale is on the
40 dbu line, which runs horizontally across the chart. The field strength
figures in dbu for that power can then be read on the right-hand side
of the sliding scale. Basically, there are four bits of information you will
wish to learn from this chart: (1) how far, in miles, the required prin-
cipal city signal strength of 80 dbu will reach; (2) how far, in miles, the
Grade A signal strength of 74 dbu will reach; (3) how far, in miles, the
Grade B signal strength of 64 dbu will reach; and (4) what antenna
height-radiated power combination is required to accomplish these
ends. Remember that the antenna height used here is not the tower
height, but the height of the radiation center of the antenna above
average terrain.

Perfect accuracy of results should not be expected by the use of charts
alone. Charts are only guides for your use. Many factors of terrain will
affect the final coverage obtained in your area with conditions peculiar
only to your location. Results will prove reasonably accurate in most
cases for rough estimates. If you want a more accurate estimate of what
to expect, a test site can be set up with FCC approval and actual meas-
urements of field strength made. This is not generally done, except in
extremely difficult cases.
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lermine coverage. 50, 50 indicates that the estimated field strength is exceeded

at 50 per cent of the potential recetver locations for at least 50 per cent of
the time.
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To iHlustrate how the chart works, let us assume a case where a station
wants to use a 1 kilowart transmitter. The data for the antenna on the
channel desired indicates that this antenna will give a power gain of 20.
I we do not consider line losses, the effective radiated power will be
20 kilowatts.* For our example, we desire to use a tower height that
places the radiation center of the antenna 500 feet above average ter-
rain. On the chart, set the scale so that the 20 kilowatt marking of the
scale is on the horizontal 40 dbu line of the chart and the right-hand
edge of the scale is aligned with the 500-foot markings for antenna
height at the top and bottom of the chart. This will make the scale per-
fectly vertical. Now, from the chart and scale, we find (as in Fig. 2-6)
that the principal city signal of 80 dbu will reach 9.5 miles; the Grade
A signal of 74 dbu will reack 13.5 miles; and the Grade B signal of 64
dbit will reach 23.5 miles. To put it another way, this combination of
power and antenna height should provide principal city coverage out
to 9.5 miles, Grade A coverage out to 13.5 miles, and Grade B coverage
out to 23.5 miles. This combination may be either 100 much or not
enough for your nceds. In which case, the required results may be found

N 0°

I 1
BLUFFTON /J .
BEE e , 4
S( BERNE

Y PRINCIPAL CITY
// 1] / 80 DBU
TRANSMITTER = N7
ITE ) < P~
> g colbuares

£ 90°

GRADE A
74 DBU

W 2700

= GRADE 8
64 DBU

l

S 180°

Fig. 2-7. Market and coverage area.

“The power gain for an anienna is used to determine effective radiated power (ERP):
ERP equals transmitter power, minus transmission line loss, times the antenna power
gain hgure.
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by moving the scale around and noting the indicated combination.
Remember to deduct the transmission line losses before a final deter-
mination is made, otherwise, the figures may be far from accurate,
especially with the higher channels where the loss in transmission lines
1s greater.

From a cost point of view, many small stations will try to use the min-
imum power and tower height. While the initial cost of the equipment
and tower will be higher for higher powers and towers, the upkeep of
higher-powered transmitters will be more than the upkeep of a higher
tower. Towers require periodic inspection, repainting, and relamping.
Transmitters constantly consume power, require replacement of tubes
and components, and constant care.

In our previous example, should the station desire to use a 12.5 kilo-
watt transmitter and all other conditions remained the same, we would
get the following coverage results (radiated power will now be 250 kilo-
watts): principal city 80 dbu signal, 17.5 miles; Grade A 74 dbu signal,
24 miles; and Grade B 64 dbu signal, 38 miles.

If we were to keep the effective radiated power at 20 kilowatts, but
locate the antenna on a high hill so that the height of the radiation center
of the antenna is 1000 fect above average tevrain, we would get the
following coverage results: principal city 80 dbu signal, 13.5 miles;
Grade A 74 dbu signal, 19 miles; Grade B 64 dbu signal, 32 miles.

The relationships determined in these three examples are given in
Table 2-1 to show a comparison of coverage variation obtained with
different combinations of antenna height above average terrain (A.A.'T")
and effective radiated power (ERP).

Table 2-1

AAT. ERP Principal City Grade A Grade B
80 dbhu 74 dbu 64 dbu
500 feet 20 kw 9.5 miles 13.5 miles 23.5 miles
500 feet 250 kw 17.5 miles 24  miles 38 miles
1,000 teet 20 kw 13.5 miles 19 miles 32 miles

The present-day trend, especially in larger markets and where the
population is spread out over a larger area, i1s toward super powers;
i.e., ERP’s in the megawatt region. (A megawatt )'s 1,000,000 watts.)
One example of a recent high power installation is KERO-TV in Bakers-
field, California. The station changed from vhf channel 10 to uhf chan-
nel 23, radiating 1.76 megawatts on the uhf channel. Coverage results
show that the new Grade A coverage is actually 5 miles greater than that
obtained on the vht channel and the Grade B coverage seems to be
limited only by the horizon.®

5 These hgures are from The KERO-TV UHF Story issued by General Electric Company.



Chapter 3
The Studio

The Basic Studio

A discussion of studio size is appropriate at this time because equip-
ment used will depend to a large extent upon whether you have a large
or small studio. Most small-market uhf stations will tend to do simple
shows, rather than large, complicated productions. There will be occa-
sions when a show has a large number of people involved, although

they will not all necessarily be on camera at the same time. (Shows of

this nature might include auction sales for some charity, a Rock and
Roll dance, a square dance, or a 4-H group display of 4-H projects.
All of these program types lend themselves well to local, live pro-
gramming.)

i 40 |

CAVERA AND

| STORAGE AREA
CONTROL ROOM

T
|
|
|
|
WINDOW ;1#[» | STAGING 2
™~ | AREA
|
|
|
|
|
1

]

h 20' X 25'

/ |
LB'—J | DRIVEWAY

Fig. 3-1. The plan for a small studio, showing staging and camera areas.
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A small studio stage of 20' X 25' will handle a surprising variety of live
programs, depending upon how well the space is used (Fig. 3-1). Full
use of the 20" X 25' staging area can be achieved by adding a 20" X 25'
area for the camera to maneuver in. This would be necessary when a
large number of people are on the floor, such as dancers, or a large
sponsor product is being shown, such as a full bedroom outfit. Without
the additional camera space, the camera would be unable to get far
enough away to cover very much of the action. For the normal daily
shows, News, Weather, Sports, Farm programs, etc., the camera would
operate within the staging area.

The additional space also will find considerable use for storing props
and advertisers’ products, which accumulate at an astonishing rate.
One advertiser may be featuring a full bedroom outfit, while another
may have major appliances, such as kitchen ranges or refrigerators.
These and similar items take up a lot of space. The 40' X 25' studio
should handle most of this traffic, at least in the beginning. Should you
later discover this amount of floor space is inadequate, you can add
more space — providing that the building was planned properly in the
beginning.

Don’t make the same mistake one station made. It built a beautiful
new building, planned for efficiency and free flow of traffic. The studio

Fig. 3-2. A small station studio staging area. (WLBC-TV, Muncie,
Indiana)
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was built in the center, with all other areas leading to it. This was an
excellent idea and everything functioned as planned, with the exception
of the studio —it was small and inadequate. Because it was located in the
center of the building, expansion was out of the question, at least eco-
nomically. New studio space was later added at a different location in
the building, but a subcontrol room was required and much of the orig-
inal planned efficiency was lost.

When you build your studio, avoid such a trap and place it at the end
of the building. Should additional space be required, wings may be
added to either side, as shown in Fig. 3-3. These wings may be for prop
storage or, if you decide 1o use all the original space for staging, for a
camera maneuvering area. A small wing may be added to handle a rear
screen projector.
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Fig. 3-3.  The dotted lines indicate how a properly-planned studio can be
convenienily expanded.

Ceiling height 1s as important a factor m studios as s floor space.
Lighting is a most vital element for television broadcasting and space is
needed overhead for lighting fixtures. Should the ceilings be too high,
lights will be far away and hard to maneuver without the aid of panto-
graphs, hooks, and tall ladders. If the ceiling is too low, it will be difhicult
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to keep lighting fixtures out of camera range and the lights will be hot
and blinding to those in front of the camera.

A small studio with a 20" X 25' staging area can use a ceiling height of
12 feet (Fig. 3-4). The lighting fixtures should not be lower than 10 feet
from the floor. These heights are for fixed lighting. Should a more
flexible system be desired, a ceiling height of 18 feet 1s typical; 1t gives
plenty of room for pantographs and other floating equipment.

Another consideration in studio efhciency is an outside door. This
door should be large enough to drive an automobile into the studio,
which happens quite often, especially with auto dealer adverusers. The
door should open onto a driveway so that trucks may deliver advertising
products right to the studio. There are several large doors on the market
which will serve this purpose well.

ROOF
7 0777727227777
7
//;\\ TN N
STAGE - LIGHT FIXTURES
MINIM UM %
12 CEILING
STRIERT M IN IMUM
10'  FIXTURE 2
HE 1GHT Z
%
%
FLOOR %

Fig. 3-4. Showing the minmuum celling and light fixture heights.

Lighting

Many good books have been written on studio lighting techniques.
These cover all aspects of stage lighting, including the theory of light.
A small station will not likely be doing any great amount of production
that would require all these techniques and need only concentrate on
basic lighting principles. For our purposes, the following five lighting
elements are the most important. The usual positions for these elements
are shown in Fig. 3-5.

House lights. The room fixtures used to illuminate the studio for
ordmary work, not camera work.
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¥ig. 8-5. The basic lighting elements with light intensities indicaled:
key, back, base, und backdrop.

Base light. Flat, diffused illumination that gives general light on the
set, raising the basic light level to a predetermined value. Base light
should have an intensity of at least 100 foot-candles and will usually
be provided by scoops. This light level is suitable for cameras using
5820A image-orthicon tubes. Vidicon tubes require a much higher in-
tensity than this.

Key light. The bright illumination directed on the subject or per-
former, from the side or front, to produce eye sparkle and make the
subject stand out. Kev light intensity should be 2 or 224 times the base
light and is provided by spotlights.

Back light. The illumination directed from the back of and above the
subject (but not directly overhead), onto the head and shoulders. Its
purpose is to separate the subject from the background. Without back
lighting, the performer tends to blend into the background. Its inten-
sity should be 134 times the base light and is provided by spotlights.

Backdrop lighting. The illumination directed from above onto the
backdrops. Backdrop lighting erases shadows that will occur from the
key lighting. Small floods or spots are used here and the intensity re-
quired is only that which will erase shadows and brighten the backdrops.

The Light Meter

A light meter is a necessity and can be obtained easily, since there are
many on the market that will give excellent results. The best type for
TV studio use is one that will give direct foot-candle meter readings
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Fig. 3-6. A simple light meter and shield-type multiplier. (WLBC-TV,
Muncie, Indiana)

and uses a shield for multipliers (Fig. 3-6). Disregard all the other dials
and figures, which are designed for photographic work (the electronic
camera behaves quite differently from a photographic camera in many
respects). Fixed lighting will generally be used, so you will be interested
in getting the correct ratios on the many different sets. Different mate-
rials reflect light differently, so you will be interested in how lighting
from one set will affect the ratios you have set up for another set next
to it.

It is good television practice to have the house lights on at all tmes,
otherwise someone will have to remember to shut them off during a
show. When measuring the light intensities, shut off all lights except
the house lights and those that you intend to measure. Stand or sit where
the performer or display will be located and hold the light meter at
face or display level, pointing it directly at the light source (Fig. 3-7).
Your measurement will indicate the incident light from that source.

To measure the base lighting, hold the meter as previously stated,
but move around the set for some distance from the display or per-
former position. Base lighting intensity should be fairly even through-
out the set.

To measure key lighting, hold the meter in the same way, pointed at
the proper spotlight. This need only be measured at the face or display
point. Most spotlights are adjustable for spot size, so you can usually
spot only the area desired.

To measure back lighting, stand or sit at the display area, hold the
meter at face or shoulder level, then turn around and point the meter
at the light source. Try to place the meter where the head and shoul-
ders will be.

Backdrop lighting is measured in the same manner as back lighting,
but the measurement is mostly for reference purposes, since the level
required will be that which erases shadows and brightens the backdrops.
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Light meter positioning for measurement of different light

A set should not be considered properly lighted until after it is ob-
served through the camera and final adjustments are made.

Dimmers and Pantographs

Large dramatic productions require many special types of lighting.
The larger stations who do much of this type work have very elaborate
lighting systems with complicated patch and dimmer panels. A small

CLamp
4
"
LIGHT
<= FIXTURE
Fig. 3-8. A4 pantograph.
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station will rarely, if ever, do this type of programming, so fixed lighting
will be used, if not all the time, at least in the majority of cases.

A pantograph, shown in Fig. 3-8, is a device used to suspend lighting
fixtures from a ceiling grid. It can be raised or lowered to suit the occa-
sion and will stay in the position where you last placed it. A high ceiling
is required to use these devices.

A dimmer and patch panel can be quite an elaborate aflair; some even
incorporate solid-state circuitry. Such instruments will handle almost
any lighting requirement, changing light levels to any desired intensity.
Some can be preset so that pushing one button in the control room will
automatically change the lighting conditions. Needless to say, thesc
units are quite expensive. A small station will find very little justifica-
tion in their use for the expense involved.
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Fig. 3-9. 4 tpical conduit and outlel runs from a breaker box. The outlets
are numbered according lo circuit breaker numbers.
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Fixed Lighting

Fixed lighting does not mean rigid lighting. The scoops, spotlights,
and backlights can be rotated and tilted up or down, spot sizes can be
changed from flood to spot, and fixtures can be moved from one posi-
tion to another. However, all the lighting is suspended from the ceiling,
clamped to pipes. Instead of using a patch and dimmer panel, conduits
with various outlets are run on the ceiling or side walls (Fig. 3-9) and
each fixwre is plugged into these with twistlock plugs. When it is de-
sired to move a fixture from place to place, simply unplug and unclamp
it. Light level is adjusted by using different wattage light bulbs.

Each conduit run should return to a circuit breaker box, so that one
breaker controls each run. By plugging fixtures into different outlets,
one breaker can turn on all fixtures plugged into that run. In this way,
you can easily control whatever fixtures you wish to have on and those
you wish to have off at any one time. Make up a chart of the floor plan
and light positions, as in Fig. 3-10. Mount this alongside the breaker

NO. 21 NO. 22

@ = NO. 23

Fig. 3-10. A4 wypical chart indicating light positions and the numbers of
the breakers for all light locations in the studio.




36 PLANNING THE LOCAL UHF-TV STATION

box. Number the outlets and fixtures plugged into them with the corre-
sponding breaker number. It is then a simple matter to look at the chart
and turn on the correct lights for the set in question.

Some sets will be fixed, for they will occur from the same place n
the studio, with the same essential props, every day. (These will be sets
for such shows as News, Weather, Sports, Farm, and Kitchen.) For
cach set, with the desk or other furniture items in their proper place
and lighting adjusted the way you want it, mark the floor with a felt pen
or other good marking device. These marks will have to be renewed as
they begin to fade, because you will probably find the janitor scrubbing
extra hard to remove them, believing someone must have dropped a
pen and made the floors look bad. 1f you have an understanding and
cooperative janitor, you may even be able to get him 1o keep the marks
renewed. Make a chart of each set, as shown in Fig. 3-11, showing posi-
tions of the people and objects, plus the lights used. By keeping these
charts handy to the breaker box, it will be quite easy for one person to
set up each area with its correct lighting.

NEWS SET Q——O;b_o
NO. 22 Nt
BASE 120 FC Nz \Q/
KEY 250 FC )
BACK 175 £C 4% Q
BACK-DROP 100 FC @ NO. 28 /
~ DESK
LIGHT NO. NO. 16
10, 16, 17, 18, 19 o No.
2,3 ey
©
8% @ . NO. 29
NO. 17
MARK 6'
FROM CORNER
NO. 18
N | \ Iy
NO. 19 NO. 10

Fig. 3-11. A tvpical chart for a fixed set, indicating light level, number,
and location, and mark on the floor for desk position.
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The philosophy behind fixed lighting is that lighting is initially ad-
justed throughout the staging area, using enough fixtures to cover
many individual sets, and then is left alone. Thereafter, the displays
are adjusted to the lighting in fixed areas by adjusting the display rather
than the lighting. If good lighting is not obtainable in one area for a
particular display, the display is simply moved to a more suitable area
along with additional lighting fixtures to suit particular nceds.

It is not necessary to have special lighting personnel with fixed light-
ing, which is a saving in manpower; most production people can make
a good sct. The real success or failure of this method depends upon
those who set up displays from day to day. Quite often, these people
may get careless and set up a display in the most convenient manner,
even without the stage lighting turned on. In such a case, the display
may have dull objects in the poorest light and chrome appliances in the
hottest light. Since these may be set up long before air use, and their
shortcomings discovered at the last minute, even hasty changes may not
be possible.

Although you will have to buy most of your lighting fixtures, there
are some you can build yourself at a great savings in cost (see Appendix
A). Stay away from fluorescent fixtures, as they are usually too large
and unwieldy for the amount of light you get from them, particularly
for small spaces.

The Camera

An electronic camera behaves quite differently from a photographic
camera. That you can sce your results immediately is one of its best
features and permits immediate adjustments to correct anything that
may deteriorate the picture. Some representative cameras are shown in
Figs. 3-12, 3-13, and 3-14.

Generally, the camera lenses will be focused on infinity, although in
some cases you may wish to set the lens focus in feet, especially when
trying for a very tight shot on a display. The television camera focuses
by moving the camera tube towards or away from the scene. With re-
spect to depth of field, this camera reacts to light in the same fashion
as a photographic camera. The less on the scene, the more open the
iris on the lens will have to be to get a good picture. Opening the lens
will decrease the depth of field. If you are not familiar with cameras,
an example will help demonstrate this point. Let’s say that a display
product is placed on a desk about 4 feet trom the backdrop, which
carries the advertiser’s sign (Iig. 3-15). If the depth of field is very poor,
the product will be in focus but the sign will be out of focus. The re-
verse of this is also true; if the sign is in focus, the product will be out




38 PLANNING THE LOCAL UHF-TV STATION

Fig. 3-12. (left) General Electric’s model PE-20 image orthicon camera.
(right) General Electric’s model PE-23 studio vidicon camera. (GE)

Fig. 3-14. This Sarkes-Tarzian
Fig. 3-13. The Sarkes-Tarzian transistor-  studio vidicon camera uses a
ized studio vidicon camera uses a 1.5-inch vidi-  I-inch vidicon tube. (Sarkes-
con tube. (Model 1500L, Sarkes-Tarzian, Inc.)  Taruan, Inc.)
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Fig. 3-15.  The camera’s depth of field must be adequate enough to hold
the display and sign in focus at the same time.

of focus. To remedy this situation, increase the light on the set. With
more light, the lens will require a smaller opening, and the depth of
field will improve.

As the sensitivity of the camera tube falls off, the gray scale will grad-
ually move towards black (the average tone of the picture will be darker).
You can adjust light, lens opening, beam and target voltage to compen-
sate for this, but only up to a point. After that, the tube will have to be
discarded.

If a set does not have enough light on it or if the camera lens is set at
too high an f stop, the camera will have a poor gray scale, the scene will
not focus very well overall, and the picture will be noisy. When using a
vidicon under these conditions, there will also be an increase in the lag
factor, a phenomenon found only in the vidicon. Lag appears when the
camera is moved while focused on a scenc and is more pronounced
when the movement is rapid. For example, a person is sitting at a desk
and wishes to demonstrate an object on the desk. As the camera quickly
pans from his face to the object, a blurred retained image of his face
will follow the movement. This image will last only for an instant and
will disappear as soon as the camera movement stops, but it can be
annoying. You may not be able to eliminate this problem entirely, but
you can minimize it by using higher set lighting and beam current, and
planning the action so that rapid pans are not required.

Burn Out and Orbitors

After a few hundred hours of operation, the image orthicon camera
begins to have sticking pictures. These appear as a negative image of
the scene that was last focused upon that remains for some time after
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the camera has been moved to another scene. As the tube gets older, it
will stick quicker and it will take longer for the negative images to fade
out. This fading out of the negative images is called burn out. When the
tube is quite bad in this respect, you can hasten the burn out process
by pointing the camera at one of the lights. Do not tocus on the light or
you will only make a bad situation worse. While pointed at the light,
keep the camera moving in a rapid circular motion. This will help for
a while, but the situation will soon become so bad that the tube will have
to be discarded.

The greatest moneysaver in this area for image orthicon tubes is an
orbitor. An orbitor, shown in Fig. 3-16, is either a mechanical or electro-
mechanical device that keeps the image constantly moving on the face-
plate of the tube by mechanical movement of the lens or changes the
position of the electronic image on the tube’s target by continually
varying the magnetic field around the image section of the tube. To
prevent this movement of the picture from being seen in the final pic-
ture, a correction circuit that is synchronized to the orbitor changes
the camera centering voltages. This effectively cancels out any move-
ment in the final picture.

There have been a number of other image orthicon tube types de-
veloped besides the standard 5820A. These other tubes have been
primarily for the color cameras, which require more strict tolerances
than does a monochrome camera. New target materials have been de-
veloped and are now in use in these tubes, and for some of the types
sticking pictures is not a problem. (A sticking tube in a color camera
could prove disastrous to the reproduced color picture.) These tubes
cost more than 5820A tubes, in the price range of $1,500 to $2,000 each.

Lenses

The lenses you use will depend upon the type of camera and the work
to be done. A lens is classified by its focal length and by the size of target
upon which it focuses the image. The target area of the 5820A image
orthicon tube is approximately the size of 35 mm film; the target area
of a vidicon tube such as the 7735A is approximately the size of 16 mm
film. Therefore, these lenses are designated as 35 mm or 16 mm types.!

A small station will ordinarily employ a monochrome camera, which
uses the 5820A image orthicon tube. Adequate lenses for the camera
in a small studio with a staging area of 20" X 25" will be the 50 mm,
90 mm, and 135 mm sizes. When you want to create the impression of
a much larger studio, the 35 mm lens will do this nicely. On the other

1 Lenses are sometimes given in inches or in millimeters. There are approximately 25 mm
to the inch. Thus a 25 mm lens is a | inch lens. The smaller lenses are usually designated
in millimeters, while the larger lenses are designated in inches.
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Fig. 8-16. A close-up view of a mechanical orbitor mounted on an image
orthicon camera. The case below the camera conlains the correction circuit.
(WLBC-TV, Muncie, Indiana}

hand, should occasions arise when an overcrowded studio prohibits
camera maneuvering, the 8%-inch lens will allow close-up shots from
the opposite end of the studio.

A better way to satisfy all lens requirements with only one lens is the
use of a zoom lens, but this is expensive. A zoom lens will permit a range
of shots from wide-angle long to extreme close-ups at any speed desired

—
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and will keep the scene constantly in focus. Some mechanical orbitors
may not permit the use of a zoom lens, but the clectronic orbitors will
cause no trouble.

Lenses for a vidicon camera, which uses a tube of the 16 mm size,
would be the 16 mm, 25 mm, 50 mm, and 75 mm sizes. Note that these
lenses are approximately half the focal length of the lenses for the image
orthicon camera, but they provide approximately the same coverage as
the larger lenses.

Many new camera tubes are being developed and put into use. Ex-
tensive use is now made of the 424 -inch diameter image-orthicon tube
and RCA is using a 1¥-inch diameter vidicon in their transistorized
film camera. Lenses will vary according to the size of tube used, and, of
course, the prices will vary also. (I'wo ol RCA’s vidicon and mage-
orthicon tubes are shown in Fig. 3-17.)

(A) | (B)

Fig. 3-17. (A) A I-mch diameter vidicon tube. (B) A 3-inch diameter
mage orihucon tube. (RCA, Tube Division)
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Camera Selection

Your choice of camera will depend upon several factors, the first of
which is cost. The vidicon camera for studio use will cost just about half
the price of an image-orthicon camera (this cost is based on a complete
camera chain).2 The second factor to consider will be the type of produc-
tion you expect to do. The third factor will be lighting and the resulting
heat. A vidicon requires a lot more lighting on the set. However, the
newer tube types show a marked improvement in this respect, so that
the vidicon now requires only about two to three times the light required
by the image-orthicon. A vidicon camera, with favorable lighting con-
ditions, will give good pictures, but there is still the lag factor to consider.

1t is difficult to balance a vidicon and an image-orthicon camera, so
that they should not be used together on the same scene. The usual
News, Weather, Farm, Sports, and panel shows can be handled quite
well with the vidicon camera. The pedestal may be lighter in weight
than the one used for the image-orthicon camera, especially if the
vidicon is a transistorized model. The price of the vidicon tube 1s much
lower than a 5820A image-orthicon tube.

Microphones

The microphones you use will depend upon the program. With a
mike boom, the mike movements are kept out of camera range and a
large group of people can be handled with one mike. However, there
are many programs when it is acceptable to show the mike in the picture,
and this is becoming a standard practice. Such scenes as a man ata desk,
a group of people around a table, or an interview may all use desk stands
or lavalier mikes, which are worn around the neck. The mike boom must
be constantly tended to keep it in position as the audio source when cam-
eras move, otherwise, it keeps getting in camera range or mike place-
ment will be incorrect, with resulting poor audio. A small studio will
soon discover that it can get along quite well without a mike boom and
its storage problem.

There are a number of good mikes that serve well in television. You
may have your own preference here. Two workhorse mikes have been
the RCA BK-1A and RCA BK-6B lavalier mikes (Figs. 3-18 and 3-19).
These are both dynamic types and give good pickup. For music or sing-
ing groups, the RCA BK-5B (Fig. 3-20) is most suitable.

2The term camera chain denotes the complete line of equipment necessary to make the
camera operate: the lens, camera, camera cable, control unit, deflection chassis, power
supplies, master monitor, and remote control panel.
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Fig. 3-18. The RCA BK-1A pressure Fig. 3-19. A lavalier microphone,
microphone on a desk stand. (RCA) the RCA BK-6B. (RCA)

Fig. 3-20. A4 uniaxial microphone, the RCA BK-5B. (RCA)
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Acoustics

Television studio acoustics are not as strictly controlled as they are
for a radio studio. The soundproofing should be enough to eliminate
outside noises, such as street noises. There should be some sound-
deadening materials on the ceiling and walls. The ceiling may be padded
with blanket insulation, or, if a more finished appearance is desired,
there are several good acoustic panels that may be used. The side walls
will have drapes or other materials in the staging area, and the rest of
the walls and ceiling in the camera maneuvering area should also be
covered. Bare concrete may be used for the floors, but this will dust and
get into the equipment and all over the props. There are special paints
and hardeners to keep concrete from dusting. Asphalt tile or a similar
material is the best covering for the studio floor, both for cleanliness
and to soften foot noises. Carpeting should never be used as it will be
a nuisance and will interfere with camera dollying.

Studio Outlets

Microphone outlets should be placed on at least three walls of the
staging area and wired in parallel (three outlets on one circuit). Care
must be taken so that only one mike is plugged into any one circuit at a
time, otherwise, the sound level will be cut in half or more. If a more

Fig. 8-21. This small 8-inch monitor, mounted in a cabinet, is suilable
for use anywhere in the station. (Miratel Electronics, Inc.)
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Vig. 3-22. This 17-inch video monitor, in a veneered cabinel, is suitable
for studio or lobby use. (Mairatel Electronics, Inc.)

flexible arrangement is desired, each outlet can be a separate circuit
terminating in jacks in the audio patchboard in the control room. This
would prevent the possibility of getting more than one mike on a circuit
at a ume and would provide alternate circuits if any one should fail.
This arrangement is more costly because it requires separate cables o
all the outlets and a separate jack on the patchboard.

It is good practice to have at least two spare shielded pairs appear
around the studio on earphone or similar jacks. These pairs should
appear on the audio patchboard in the control room. These pairs will
often be used for such things as feeding audio for cueing purposes
when the speaker is muted, or as additional intercom lines, or as a
high level audio line from the studio to control room. Here, shielded
pairs indicates ordinary, 2-wire shielded audio cable.

Video for the studio monitor (Figs. 3-21 and 3-22) should run on co-
axial cable and should also appear at different locations around the
studio. It is well to have one or two spare coaxial cables along with the
first one. They should all appear on video jacks in the control room and
coaxial outlets in the studio and should loop through each outlet. Addi-
uonal lines will find use for preview and any special uses that may occur.
These assorted outlets can be combined on outlet plates, as in Fig. 3-23
and wired as shown in Fig. 3-24.
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Fig. 3-28. A typical studio wall outlet plate with various receptacles.

With outlets on different sides of the studio, microphones, earphones,
or other items can be plugged into the circuit without stretching long
cables across the studio floor. The fewer things that are on the floor, the
better. A small studio needs to conserve space. Cables on the floor can
interfere with camera movement. A microphone cable can stop a dolly
dead, with sad on-the-air results. Even a cigarette butt on the floor will
jar the camera badly, especially if a fast movement is being made.

Camera Accessories

A cue card holder may be built (sec Appendix A) and attached to the
front of the camera. These are popularly known as “idiot cards.” A
regular prompter unit is expensive. A cue card holder needs no one to
attend it. The announcer writes the commercial copy on the card and
hangs it on the camera just prior to the spot or other demonstration.

A good position for a clock is right on the front of the camera dolly.
You can easily rig something to tie it on. In this position, those in front
of the camera can keep an eye on the time very easily without looking
too far off camera. Most cameras have an auxiliary a-c outlet which you
can operate the clock from. A line switch is helpful for setting the clock,
because the power will be shut off when the camera is turned off. (Un-
less the camera is being used throughout the day, the chain is normally
shut down.)

Backdrops and Props

Backdrops and props are not difficult to build. All it takes is a litle
imagination, a few simple materials, paint, and a few tools. Drapes are
adequate as general backdrops for many occasions. Colors are important
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only to the eye, not to the camera, unless they are very dark or very
light. The author has viewed a red and a green drape side by side
through a camera and it was impossible to tell where one left off and
the other began, because the camera is color-blind. Use some blacks,
and medium- and light-colored drapes. Drapes that have a metallic
thread woven through them provide an interesting and sparkling back-
drop. Sets can look very monotonous and drab with the same color
drapes as backdrops all the time. Drapes may be hung permanently
on the side walls or on pipe hangers.

Backdrops (or flats) may be made from light framing lumber covered
with a heavy paper or canvas and then painted. Try to avoid very light
colors on Hats, because these reflect more light than do drapes. Avoid
whites and glossy paint at all costs; a person standing in front of a white
background will appear very dark, and, in some casces, it may be impos-
sible to distinguish his features. The backdrops will set the tone of the
camera picture. Colors are good for eye appeal but not much help to
the camera. If you want both eye appeal and good camera production,
paint several large patches ot color on a board, side by side. Observe
these through the camera and sclect those which give the best results
tor both purposes.

Some backdrops may also be made using peg-board. Decorations can
be attached to these boards to sct a motil for different shows. This may
be done by attaching cut-outs or objects to peg-board hangers, and
hanging them from the board. For a Sports show, for example, you can
use objects representing different sporung events and cut-out figures of
players; for a Record Hop, you can hang up records. 'The peg-board
backdrop has many interesting possiblities.

Most sets and props need not be expensive. You can build many
varieties of interesting studio furniture, such as simple stands for dis-
plays that need only a cloth draped over thent, or turntables that rotate
to show oll’ jewelry. You can alwayvs get samples of different materials
and cloths 1o experiment with, and if any one 1s not suitable, you will
be out very little in money. Browse around lumber companics. There
are many new building materials that can be of use for studio props,
especially wood paneling aned Fiberglas panels.

Costs of Basic Studio Equipment

Studio cost estimating in a general way can only be done by the least
common denominator method; there are some basic items that must be
purchased but they will not necessarily do all that you want to have
done. For particular requirements, you will have to decide what equip-
ment is needed and consult with manufacturers for their current prices.
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Costs are also given here for other equipment that will help you ex-
pand on the basic items. Figures arc approximate and have been rounded
off to even dollars.®

Video Equipment

1. RCA TK-14, monochrome image orthicon camera chain ... $17,900
(Fig. 3-25) (Camera, viewhnder, electronic orbitor, 3
lenses, 5820A (ube, control unit, console housing, TM-6
masicer monitor, power supplies, interconnecting cables,
50 feet of camera cable)

2. RCA TK-15A studio vidicon camera chain (¥Fig. 3-26) . ... $10,385
(Camera, viewhnder, 3 lenses, 7735A wibe, control unit,
console housing, TM-6 master monitor, power supplies,
interconnecting cables, 50 feet of camera cable)

3. RCA TD-10 hydraulic camera pedestal-dolly and cradle

head (Fig. 3-27) ..o $ 1,100
4. Varotall 11, indoor zoom lens*. . ....... ... .. ... ........ $ 4,975
(for RCA TK-14 image orthicon camera)
5. Berthiot Pan-Cinor, [.-20 zoomlens .. ... ........ ... ..... $ 1,550
(for RCA TK-15A vidicon camera)
6. Portable 2t-inch videomonitor ............. ... ... ....... $ 3925
7. 5820A image orthicontube® ... ... ..o $ 1,200
8. 7735A vidicontube ... $ 200

Audio Equipment

RCA BK-TA microphone .. .................... ... ... $ 73
RCA BK-5B microphone . .............................. $146
RCA BK-6B microphone (lavalier).................... ... $ 86
RCA mikeboom (small) .. ........... ... ... ... ..., $450

Lighting Equipment

1 8-1NCAISCOOP 1 w4 nx nsins meln o im e 24 KGR0 b 8 fori o) e o € $45
6-inch fresnel spotlight .o oo $40
Do-it-yourselt spotights (Appendix A)............... ... $5
Do-it-yourself striplights .................... ... $34

(10 feet, 10 lights— Appendix A)

Suggested Basic Items

VIDEO A Item | (imageorthicon camera)............ $17,900
Item 8 .. $ 1,100
[ECTNG i 2R vxmlh oo el S AP = £z s liwez £l $ 325

Total $19,325
3 Most of the figures given are trom RCA price lists. Prices will vary from one manufac-

turer to another. There will be such miscellaneous items as mike plugs, wall outlets, etc.,
which are not shown. Only the main items have been considered.

4 The cost of some extras is given so that you can dress up the basic package.

5 Camera tubes come with the camera chains. Figures are shown tor comparison purposes.



Fig. 3-25.

The RCA TK-14, a studio image orthicon camera for mono-

chrome use. This camera, mounted on a portable tripod, uses a 3-inch tube.

(RCA)

Fig. 3-26.

The RCA TK-154, a studio
vidicon camera, uses a l-inch vidicon
tube. (RCA)

o
%
)

Fig. 3-27. Tl camera
pedestal, the RCA TD-10, 1s
suitable for either a vidicon
or monochrome studio cam-
era. (RCA)

51



52 PLANNING THE LOCAL UHF-TV STATION

VIDEO B Item 2 (vidicon camera)................... $10,385
Ttem 3. oo $ 1,100
[EEM) G & e T o i b sl Bl St o 8 ey Sl B $ 325
Total $11,810
AUDIO 2 BK-1A microphones.................. ... $ 146
3 BK-6B lavalier microphones .............. $ 258
Speaker (inexpensive)..................... $ 10
Total § 414
LIGHTING 10 18-inchscoops......................... $ 450
4 6-inch fresnel spotlights................. § 160
6 do-it-yourself spotlights ................. § 3
6 do-it-yourself striplights . ............... $ 204
Lighting installation .. ..................... $ 400

(Approximate cost for wiring with con-
duits and outlets for 32 fixtwures, two
circuit breaker panels, etc.,, not includ-
ing labor)
Total § 1,244

The total cost for these suggested basic items, including video, audio,
and lighting amounts to:

VIDEO A Image orthiconcamera . ................... $20,983
VIDEO B Vidiconcamera .. ... $13 468



Chapter 4
The Control Room

As the control room design is based on the range of programming a
station plans to handle, it is necessary to consider programming first.
Large, complicated dramatic productions will require several cameras,
many microphones, switchers, audio consoles, and associated equip-
ment, plus all the manpower that is required to run them. The small
television station, however, should not anticipate this type ot show; its
usual live programming will consist of news, sports, weather, farm,
kitchen, panel, and discussion shows, which are not complicated, take
litde equipment, and need only a ftew people to run them. There may
occasionally be more elaborate and complicated production ventures,
depending upon the amount of tulent available locally. (College and
country music groups, Police and Sheritt’ Departments, and others may
wish to present more complicated productions, many ot which can be
developed into more than the usual panel show.)

Our considerations here are directed 1o the small station working with
basic equipment and personnel at minimal cost. The equipment de-
scribed is designed to handle local panel shows, some ftairly elaborate
productions, film shows, and off-air pickup for rebroadcast of network
shows or another station’s productions. (The studio described in
Chapter 3 will accommodate all these various shows.) Thereisconsidered
10 be only one studio camera and one engineer in the control room who
will handle all the audio-video switching, make all adjustments, keep
the transmitter under control, and handle the film projection work.

53
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Fig. 4-1. A conirol room operating position designed for a one-man con-
trol operation. (WLBC-TV, Muncie, Indiana)

Minimum Video Requirements

Camera Systems

A block diagram for the control room video is shown in Fig. 4-2. The
control room setup is not the same for an image-orthicon camera (studio
or remote) or vidicon camera. A vidicon camera system will consist of
a vidicon camera head, a control-deflection chassis, a control panel, a
monitor with a cathode-ray oscilloscope (CRO), and power supplies for
the camera and monitor. The control-deflection chassis is usually
mounted in a rack, as are the power supplies. The monitor can be cither
of two types. When the picture monitor and CRO are in one unit it is
called a Master Monitor. The second type uses a video monitor in con-
junction with a separate oscilloscope called a waveform monitor (WFM).
Transistorized camera chains have the control and deflection chassis
mounted in a rack or in the console with integral power supplies.

The image orthicon camera system comes in two styles, studio and
field, whose major differences are in the control-monitor and power
supply. The studio style is housed in the regular console, which contains
a master monitor control chassis and panel, and a rack-mounted power
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supply. The studio style costs less than a field stvle. The field style moni-
tor, CRO, and control chassis and panel are housed in one portable
case and the power supply for the complete chain is in another. The field
style will handle programs just as well as the swudio style, but a special
stand must be built to hold the power supply and control unit at the
console position.

Unless a station anticipates doing remote television pickups, it is just
as well not to use the field camera chain. Live remotes are complicated
and can be costly. There is very little comparison between a television
remote and a radio remote. The radio remote can be accomplished by
one man with an amplifier or tape recorder and audio line, and can cover
many interesting local events live at very little cost. A television remorte
will require at least one field camera chain, monitors, and other items,
such as a sync generator, plus microwave. In addition, audio facilitics
are required. If you are considering video tape instead of microwave
tor live coverage in the field, you will find that a video tape recorder is
an cxpensive item that may cost more than all the technical equipment
used in a radio station.

Unless there are enough interesting events to attract enough sponsor-
ship to pay the costs, it is highly unnecessary for a small uhf station to
invest in remote cquipment. When needed, ficld coverage can be ade-
quately handled in a much less expensive fashion with good, 16 mm
sound film equipment. Naturally, events can’t be done live, but they can
be done well, even though delayed.

Remote-Controlled Cameras

Chapter 3 did not discuss remote-controlled studio cameras because
most of their operation is done from the control room. A remote-
controlled camera is mounted on a special motor-driven pan and tilt
device so that camera panning and tilting may be handled in the control
room. Some cameras, such as the General Electric, model PE-22A are
designed especially for this purpose. This unit, shown in Fig. 4-3, is a
transistorized camera with a remote-controlled zoom lens; pan, tilt, and
zoom action are controlled from a panel in the control room. It doesn’t
even have a viewfinder on it. Standard cameras can be operated in this
way, but a special pan and tilt assembly must be installed.

Use of a remote-controlled camera cuts some cost by eliminating the
need for a camera operator. Such a camera is very effective if the object
to be televised is stationary, such as a fixed display or a sponsor’s sign
or product. With a regular studio camera, for such a production, the
canteraman is necessary only to position the camera, focus the lens, and
cap the lens when the spot is over. Such a spot may last less than a



Fig. 4-3. A bansistorized studio vidicon camera designed for remoie
control use, the GE PE-22A4. Nole that there is no viewfinder. (GE)

minute. A remote-controlled camera will do the job withour a camera-
man, but, of course, the display must be set up in the correct position

Reniote-controlled cameras, however, are not suitable for exclusive
use, even in a small station. For any type of production work, the camera
is stationary, even though it pans, tilts, and zooms, and the scene is shot
continually from the same viewpoint. Even a news or panel show will
become very boring to a viewer watching it from the same viewpoint all
the time. Shifis of viewing angles would require more cameras il only
remote-controlled units were used.

As an additional camera lacility for commercials, displays, cards, and
the like, wherc there is Innited action, the remote-controlled camera has
its place. For production work, it is best to be able to move the camera
into many positions during a show, especially when there is only one
studio camera.

There i1s another point that should be considered. A cameraman does
not have 1o be a highlv-skilled person. Announcers, prochiction people,
or anyvone with anv degree of dexterity and sensc of proportion can soon
be taught 1o do a reasonably good job of camera opcration. Consequent-
ly, no special personnel need be hired just for this purpose. lf thereis to
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be some limited action display, product, or sign, the regular camera
can be l)ositione(l, focused, and electronically capped in the control
room; then, with the flip ot a switch, the spot is ready for airing.

Film Cameras

The beginning station has the alternative of using one or two film
camera chains. (Figure 4-4 shows two standard film cameras.) A single-
camera system (Fig. 4-5) will use some type of multiplexer so that two
film and two slide projectors may operate into one camera. With this
method, slides or film will often have to he “taken” on the air blind,
because one or the other projectors will be showing. This is not an in-
surmountable problem, but careful stacking of slides and other program

Fig. 4-4. (A) This transistorized vidicon film camera uses the I-inch
vidicon tube. (Sarkes-Tarzian) (B) This vidicon film camera, the RCA
TK-22, uses the 1.5-inch vidicon tube. (RCA)
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16 MM FILM
PROJECTOR
BEAM
SPLITTING
] CUBES FIELD LENS
|
v /
—_ ‘—4» — —_— > — -—».4 m Hﬂm
T~ MULTIPLEXER
I VIDICON
PROJECTOR CAMERA
16MM FIlm
PROJECTOR

Fig. 4-5. A film camera chain with a single camera, projection equipment,
and multiplexer.

material i1s necessary. It is possible, however, that stides will be stacked
upside down or backwards, film leader will get on the air, or the wrong
slide may be shown on a commercial.

If the program schedule is a heavy film schedule, much air time can
be lost if the single film camera fails and has to be repaired. (A station
that gets network programming directly, not on film, will have pro-
gramming available until the film camera is repaired.)

A two-camera system (Fig. 4-6) requires two complete film camera
chains and two multiplexers. There will be one film projector and one
slide projector with cach camera. Such a system, although more expen-
sive than a single-camera system, provides many advantages and is more
flexible. Previewing of material before airing is a simple matter. For
example, white one slide is on the air, the next slide is up on the second
camera monitor. Thus the operator can be certain that he has the correct
slide and any necessary adjustments for setting levels or any other cor-
rections can be made immediately before the slide gets on the air. The
two-camera system is also a safeguard against lost air time due to
camera failure. Should one of the cameras fail, programming can con-
tinue with the other camera.

Equipment breakdown with a single camera chain is not as great a
problem with live programming as it is with film. The number ot live
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Fig. 4-6. A dual film camera system with two cameras, projection equip-
ment, multiplexer, and spare inputs.

shows will be quite small compared to hlin shows and commercials. If
a news show, for example, is on the air and the studio camera fails, the
newsman can still continue to give the news stories over news pictures
and slides. When the script calls for a return to the studio, a slide may
be shown instead, while ihe newsman continues to give the audio ma-
terial. However if a full-length movie is being shown on a single film
chain and it goes dead, there is nothing to put on the air until it is re-
paired. Whether or not to have two hilim camera chains is a decision your
company will have to make.

Multiplexers

Whenever more than one source of program material is to be fed toa
camera chain, some type of multiplexer is required. With the vidicon
tube, because of its very small target, the direction of light and how it
lands on the faceplate are critical. When a vidicon camera is mounted
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directly on a film projector, there is no problem. However, when the
camera is used with a multiplexer where as many as four picture sources
are directed to the one camera, a field lens must be used. This lens is
placed between the camera and the light sources, so that the camera
focuses on the field lens, as do the light sources. Each light source must
take the same path so that they are all on the same axis when they reach
the field lens. This is usually accomplished with special prisms in the
multiplexer.

In the RCA TP 11-C multiplexer, the camera is mounted on one end
ol the top table. Immediately out in front of the camera lens is the
field lens. At the tar end of the table, a stide projector is mounted. The
prisms are mounted between these two. The slide projector shoots its
picture through the prisms to the held lens. There are three more open-
ings on the sides of the table top so that two projectors may shoot into
the multiplexer through difterent prisms. The fourth input can be used
by adding what is called a fourth input kit. This kit includes another field
lens and a solenoid operated mirror. In all cases, the light from each
source comes along one light path to the vidicon tube. There is a steel
cover that encloses the entire top of the multiplexer so that it is free [rom
any extraneous room light that may get into the optical system and is
dust tight 10 keep the lenses and prisms clean. In this fashion, the multi-
plexer not only provides for the proper direction ol light, but also pro-
vides the mounting for both the camera and the slide projector. Other
models accept different combinations and numbers of light sources and
also have provisions for more than one camera.

One accessory for use with the RCA multiplexer is an opaque projec-
tor assembly. Actually, this is not a projector, but merelv an extension of
the lens system of the multiplexer’s fourth input. This device will permit
the projection of a limited amount of action originating in an arca of
44 X 6 inches to 9 X 12 inches. Even though the area is small, 1t will
permit such actions as pouring a liquid into a glass (live), showing off a
ring on someone’s hand or jewelry on a turntable, displaying roll charts,
fip charts, or special pictures, ctc. These may all be done live in the small
area indicated above. When vou begin with a multplexer and one
camera vou may then eventuallv add another camera and multiplexer.
This will increase the picture sources tremendously and provide a
greater llexibility in programming.

The Synchronizing Generator

The hcart of the whole svstem is a synchronizing generator. This
unit forms, shapes, and sends all the necessary pulses to all the video
equipment, so that it may work properly and in proper synchronization.
So much depends upon the sync generator that vou should consider
having one for standby that may be put in service immediately if the
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first one should fail. A station can start with only one generator, but it
should obtain a second one just as soon as finances will permit. Iin con-
junction with the sync generators, some switching panel should be
bought or built so that one generator can be switched out of service and
the other one in without hesitation. Although the cameras have an elec-
tronic protection circuit to protect them should the generator fail, if the
circuit is not working properly, failure of the sync generator can ruin
an expensive camera tube.

The Video Switcher

A video switcher will be required, since more than one source of
video information will be used. How complex this unit should be de-
pends upon the number of video sources and what you wish to do.

For a number of years, RCA built a small andio-video switcher, the
TC-4A. Its main purpose was o supply the minimal audio and video
switching facilities that a station could use, in what RCA termed its
“basic buy” package. This switcher had many limitations in both the
audio and video functions. Most stations expanded it with a lap-dissolve
video unit and audio consoles. The TC-4A is no longer available, but
you should be on the lookout for one on the used-equipment market, for
it has many possibilities that can expand its usefulness tremendously.
Some of the many modifications that can be made on this unit are de-
tailed in Appendix B.

The TS-5A video switcher is a small lap-dissolve unit that permits a
total of five video circuits 10 be switched, dissolved, faded, or super-
imposed, as the situation requires. Unlike larger switchers, it has no “off”
button; if this feature is desired, one ol the video inputs should be left
unused. Doing so will reduce the input capability to four video sources,
but this amount will handle most of the sources a small station will
usually have (i.e., one studio camera, one or two film chains, one network
or off/air receiver).

Fig. 4-7. The RCA TS-54 video switcher, lap-dissolve unit. (RCA)
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The TS-5A is made up of two sections: the push-button/fader panel
and the amplihier section, connected by short cables (Fig. 4-7). The fader
panel may be mounted either on the well of the table section (Fig. 4-8)
or upright in the cabinet section of the console housing, with the ampli-
fier located underneath in both cases.

Fig. 4-8. The RCA TS-5A4 video switcher mounted in a standerd console
housing with a master monitor. In this arrangement, the fader pushhution
assembly is mounted in the well of the console. (RCA)

Video lines will terminate internally in the switcher, into 75-ohm im-
pedances. Should it be desired to monitor the lines ahead of the switcher,
the coax cable should loop through the front end of a high impedance
device, such as a distribution amplifier, so that the end of the cable run
is at the switcher, as in Fig. 4-9.

Monitoring

Monitoring of the video is important in many areas. At the console,
the control engineer should have a monitor with CRO on the film chain,
the studio camera chain, one on a monitoring panel with selector but-
tons. The CRO in these cases will permit checking of video levels and
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75 OHM
COAXIAL CABLE

CENTER
CONDUCTOR
"HIGH SIDE"

. | SHIELD TIED TO GROUND
VIDEO VIDEO SWITCHER
SOURCE (A) INPUT
75 OHM CABLE _
LOOP THRU
HIGH IMPEDANCE -\ 75 OHM TERM INAT ION
INPUT AT END OF RUN
pisTriguTion| U 70 VIDEO
AMPLIF IER MONITOR
(8)

Fig. 4-9. (4) The video cable is an unbalanced system with the shield as
its low side. (B) The video cable should loop through a high impedance
device and terminate in 75 ohms at the end of the run only.

wavetorms. Two of these monitors will come with the film and studio
chains. If an outside progran source, such as a network or off/air re-
ceiver is used, it is helpful to have a monitor on this position all the
time. A typical monitor is shown in Fig. 4-10. In some cases, the monitor
may be a straight video monitor and the wavetorm monitor may be
separate, which permits one waveform monitor to serve more than one
video monitor. There should be monitors at the Director’s position for
network, studio, film, and air. 'Thesc need only be video monitors with-
out the CRO, because the Director is interested only in the picture itself,
not the waveforms. Additional monitors will be desired in other parts of
the station, such as the salesroom or in the lobby. The lobby monitor
should always show what is on the air.

Amplifiers

Stabilizing amplifiers are used to help clean up video and sync prob-
lems. Some also include high peakers to improve irequency response
and sync mixing, white clipping to prevent over-modulation, and white
stretching to overcome poor hnearity in the transmitter power tubes. At
least one of these amplifiers will be needed to add sync to local video
programs and feed the transmitter where the video and sync level must
be controlled If an off/air pickup is used for programiming, a stabilizing
amplifier should follow this receiver to clean up any sync or video de-
terioration that mav have occurred.
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(B)

Fig. 4-10.  (A) The 8-inch video monitor may be mounted in dual units
in a 19-inch console or rack. It can be either transistorized or tube-type,
with internal power supplies. (B) The internal construciion of the 8-mch
video monutor. (Miratel Elecironics, Inc.)

65
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Distribution amplifiers are of at least two types: those that have one
input and one output with unity gain and those that have one inputand
three outputs with gain. These amplifiers have bridging inputs so they
will not load the 75-ohm circuits and are used for isolation or to feed
monitors or other such runs. Many of these distribution amplifiers are
now made as transistorized units, so that a number of them take up only
a small space.

Power Supplies

Most video equipment does not have internal power supplies. The
power supplies are usually rack-mounted because of their bulk and the
heat from the tubes. Cables are run from the power supplics to the
individual units. Many items of equipment are becoming transistorized
and often have their own power supplies internally in the cabinet. There
are also solid-state power supplies that have a high current capacity.
These take up much less rack space than a tube supply of comparable
capacity.

Minimum Audio Requirements

The studio complement to the video equipment will also be rather
simplified, as indicated in the block diagram of Fig. 4-11.

Audio Consolette

The RCA BC-5B is a small audio consolette that will provide sufficient
facilities to handle the needs of a small studio. [t is shown in Fig. 4-12
and its block diagram is given in Fig. 4-13. This unit, 11 inches high, is
designed with a sloping front panel to maich the video cabinets and is
only the width of a 19-inch rack. Completely self-contained, the pre-
amplifiers, line and monitor amplifiers, and power supplies are all with-
in its cabinet. Although tubes are used throughout, it does incorporate
special printed wiring boards.

Nothing special is required in the way of a 1able or counter 10 mount
the consolette, but it will require mounting, since it does not have its
own table or legs. A simple table arrangement may be built right into
the control position; its essential features are a flat top and provisions
for bringing the external wiring either to the rear or bottom of the
consolette.

Six low-level inputs, such as microphones or turntables, may be switch-
ed into three preamplifiers. Only three of these six sources may be in use
al one time. These circuits are normally supplied at 150-ohm balanced
inputs. They are transformer inputs, so straps may be changed if other
impedances are desired. There is an additional preamplifier input that
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Fig. 4-12. The RCA BC-5B audio consoleite. (RC4)

is balanced 600-ohm and padded down for a high level input, such as a
network line. This input may be switched between either a network line
or two preselected remote lines, only one of which may be used at one
time. Each of the four mixer inputs may be switched to either program
circuit or to the audition circuit.

The monitoring circuit of this consolette should be expanded so that
different areas in the station can monitor for different purposes. For
example, auditioning may be desired only in a sales room or other office,
the lobby should hear only what is on the air, the control room should
always hear what is on the air, even though listening 10 an audition at
the same time. Additional external monitoring amplifiers would be re-
quired for these purposes. It is possible that the control engineer may
accidentally put the auditioning material on the air; without a separate
air monitor this could go on unnoticed for some time. The viewer would
not let it go unnoticed, however.

A console with internal amplifiers does have some disadvantages over
a console that uses rack-mounted amplifiers. It trouble develops during
a program with internal amplihers, it is difhcult 1o correct it. When
separate amplifiers are used, one may easily use patch cords to getaround
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the defective unit, which can then be pulled out, repaired in the shop,
and put back into service without too much imterference to the program
N progress.

(Since this consolette is operated with lever switches rather than relay
switching, there aren’t too many modifications that can be made to adapt
it to semiautomatic operation, as can be done with the TC-4A switcher.)

The BC-5B is capable of delivering plus 18 dbm program level, which
is more than adequate to modulate a transmitter. It is not good practice
to drive the transmitter directly from the console. In order that the
audio portion of a program may have more consistent levels, both an
agc amplifier and a peak limiter should be used between the console and
the transmitter. The agc amplifier will assist the operator in maintaining
a consistent program level and the peak limiter will prevent overmodula-
tion of the transmitter, thereby fulfilling IFCC regulations and, at the
same time, preventing any distortion that may occur in home receivers.

INPUT LEVEL ruNCTION
4 ‘ . wan v am
i N
A L
° .
avdimax ZEE aviometic level oontrot £88 LamonaTORIES |
T o S i, K

Vig. 4-14. The Audimax R7 1I, an agc audio amplifier. (CBS Lab-
oratories, Inc.)

Audio Amplifiers

In television, straight agc amplifiers are useless. Television programs
are of a dramatic, demonstration, or discussion nature. There will be
many pauses, during which a straight agec amplifier will pullup the noise
10 a very undesirable level. AGC amplitiers that are designed especially
for television (such as CBS Laboratories’, model RZ 11 shown in
Fig. 4-14, a specially gated tvpe) will prove very helpful for the one man
on the control board. This agec amplifier uses the previous 10 seconds of
program material as its basis for changing the average level. This will
allow long pauses between words without the amplifier changing its
gain. With no input signal over a period of 45 seconds (¢.g., at the end of
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a network programy), the amplifier will gradually return the gain setting
to approximately mid-gain, much as an operator would with his tader
control, not knowing what the new program level will be.

Noise level in a television system is generally higher than a comparable
radio system. The noise level of film is higher, especially optical sound,
and noise levels in the studio are higlier due to prop movements, groups
of people whispering, and instructions passing over the interphone
system. A straight agc amplifier, during a pause, will pull this back-
ground noise up to program level, which is very objectionable, and will
cause quite a “breathing” effect.

Tape Machines

There will be additional audio program sources, such as tape and
turmables. Cartridge tape or conventional tape will satisfy all require-
ments, although conventional tape will not be as eflicient or effective as
cartridge tape. All commercial announcements that do not require
sound on film or an announcer on camera can utilize tape for the audio.
Tape machines have a high level, 600-ohm output, so they can be opera-
ted directly into either the Net or Remote positions of the consolette.
(The reference here is to audio tape machines, not the audio channels
on video tape machines.)

A place will be needed 1o record tapes in, since the control room will
have 100 much noise. Either a recording booth or the studio may be
used. A recording booth or position can be set up so that the announcer

Fig. 4-15. The “Level Devil,” an audiw agc amplifier: (rear) with its
panel closed; (front) with #ts panel opened. (Gates Radio Company)
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can record the tapes himself. This will require additional equipment: at
least a tape recorder, either conventional or cartridge, and an amplifier.
Such an amplifier as the Gates Radio Company, “Level Devil” (Fig. 4-15)
a gated type, would be very satistactory here. The advantage ot a sepa-
rate recording operation is that it allows the announcer and control
engineer to work independently, suiting their own particular times and
schedules. Sometimes, without a separate recording booth, scheduling
can become a problem. This may run into overtime, which, over a vear’s
time, could well pay for the necessary equipment needed.

Ofi/Air Pickup

If you are going to get a network feed or other program source, you
may sometimes use an off/air pickup technique to advantage and at a
great savings in money. If the primary station puts a poor signal into
vour area use the height of your tower to pick up a better signal. You
can pick it up, amplily, reshape, and rebroadcast it. However, this can-
not be done indiscriminately. You must have a network contract and
approval, permission lrom the originating station, and the FCC must be
notified.

For off/air pickup you will need a good rugged antenna, preferably a
double-stacked Yagi of the community antenna system type, which will
give long trouble-free service. It should be mounted as high as possible
on the TV tower (400 feet up is not unreasonable). The down lead
should be one of the low-loss, foam-filled, coaxial cables, with aluminum
sheath, 75 ohms. The recciver should be one especially built for this
purpose, such as the Conrac AV-12E (Fig. 4-16), which will be located
in the control room. These receivers may be purchased with either a
turret tuner for all vhi stations, or individual plug-in, crystal-controlled
tuners for individual channels. Tuner strips are available to insert in
the turret tuner to pick up individual uhf channels. Follow the receiver
with a stabilizing amplifier so that any deterioration of the signal that
may have occurred can be cleaned up. This system is shown in block
diagram form in Fig. 4-17.

Some problems may be encountered when attempting to set up an
oft/air system. If a main street or highway is nearby there will be a high
ignition neise level. A very high antenna and good signal strength are
required to overcome this problem. Interference mayv come from a
multiplier stage in the TV ransmitter, or from an AM or FM wrans-
mitter, it they are located nearbv. There mav also occur, [rom time (o
time, co-channel interference. Most of these problems can be solved,
but expect many frustrations before finding the final solutions. A second
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Fig. 4-16. The Conrac AV-12E is a special receiver for off-the-air pickup.
1t may be used with a plug-in turret tuner for the 12 vhf channels or in-
dividual plug-in crystal controlled channels. It uses strips in the turret tuner
for uhf channels. (Conrac Division, Giannini Controls Corp.)
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Fig. 4-17. A block diagram illustrating off-the-air pickup.
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antenna at a lower level will often prove helpful in combatting co-
chanmnel interference. Usually, co-channel interterence will be lower or
nonexistent at the lower level, but you may have to compromise by ac-
cepting some ignition noise in its place.
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Film and Slide Equipment

Film Projectors

Several good 16 mm film projectors are available in several price
brackets. Most television work is done on 16 mm hlm, although a few
large stations and networks use some 35 mm film equipment. Most pro-
jectors are very quiet in operation, while others have been dubbed
“coffee grinders” by some operators.

Should a station want the very best in projection equipment and can
aftord it, the Easiman model 350 (Fig. 4-18), a continuous projector, can
do many things impossible with other type projectors. Mast projectors
arc of the intermittent type; they have some type of claw arrangement

Fig. 4-18.  The Eastman 350, a 16 mm continuous film projectoy. (East-
man Kodak Co.)
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that reaches out and pulls the film past the gate during blanking tine.
The shutter or light is svnchronized with vertical blanking, so that a
burst ol light is sent through the film onlv during the blanking interval.
The continuous projector uses a continuous, 100 percent light applica-
tion. Insicad of an intermittent mechanism, a pair of rotating mirrors
are used so that there is no appearance of hilm travel in the projected
picture. There is no claw at all. Consequently, the Ailm may be run in
reverse lor cueing purposes or in the case ol an overshoot by the
operator. Should this occur with an intermittent type projector, the film
would have to be taken out of its path, backed up, and rethreaded.

PROJECTION LAMP

CONDENSER LENS

HEAT -ABSORBING CFILTING MIRROR

GLASS

PICTRE
PROJECTION \BASK
LEXs COLLIMATOR| (o))

! « LERS
COLLECTIAR W,

MIRROR LENSES
SKEW-RAY
PLATE
FRAN %0 ¢ 'c"'n'g::
MIRROR

Fig. 4-19.  The optical system, with film defect suppression, of the Easiman
350 projector. (Eastman Kodak Co.)

The 100 percent light application of the continuous projector perntits
the use of a device known as a skew-ray plate. This plate breaks the light
beam up into many vandom light ravs as it passes through the film, thus
illuminating it from many ditferent angles, as shown in Fig. 4-19. This
clfectively erases any scratches that may be on the ilm; the projected
picture does not show them at all (sce Fig. 4-20A and B). The Eastman
350 has manyv, many deluxe features. 1t will give superior results and
many operating convenicnces, but it will also cost about three times as
much as the RCA TP-16 projector. Eastman builds the model 350 ex-
clusively l[or General Electric, as part of the GE model PF-10C con-
tinuous-motion projector. The model PF-10C is made up of the 350
projector and a pedestal, which contains the operating controls and a
blower. This unit costs about $15,000.
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Fig. 4-20.  (A) This photo, taker from a monitor, shows that the fim s
badly scratched. (B) The same film, run on the Eastman 350, demonstrates
how the defect suppression system completely eliminates the scratches from
the on-the-air picture. (Eastman Kodak Ce.)
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Between the top and bottom models, there are three other models
with various features and price tags. The first in line is the Eastman
model 275 (Fig. 4-21). This projector uses the “Geneva Star” movement
in its intermittent film-drive system. Isolation between the transport
mechanism and the intermittent system makes a quiet, smooth-running
projector. Next in price line is the RCA TP-6 which has many nice fea-
tures to recommend it. The most recent entry is the RCA TP-66 (Fig.
4-22), which uses solid-state amplitiers and power supplies. While it is
an intermittent type, it can also be run backwards, will project a single
frame, and includes many deluxe featares. Pricing on the TP-66 and
TP-6 are essentially the same.

Many operators have their own feelings about projectors and manu-
facturers. There are at least five models in four price ranges to choose
from and each one has many additional teatures that may be added at
additional cost to provide greater case in operation. All but the RCA
TP-16 can be adapted for magnetic sound pickup from film. In choosing

Fig. 4-21. The Eastman 275, a Fig. 4-22. The RCA TP-66, a 16
16 mm film projector. (Eastmar mm film projector that uses solid-state
Kodak Company) amplifiers and power supplies. (RCA)
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a model, one major factor should be considered. A small station, unless
it can get a network afliliation, will program the bulk of its operating
day on film. This may be film feawres, series, news, commercials, or
film made bv the station itself. Therefore, film will be the bread and
butter operation center of the station and good dependable equipment
should be selected.

Stay away from very cheap projectors or home types. Money spent for
these will be spent foolishly, as the cheap ones will soon fall apart and
not be dependable at all, while the home types will not work i a tele-
VISION system.

A division of RCA Service Company will sell maintenance contracts
to television stations. Although intended primarily as a service feature
for purchasers of RCA projection equipment, theyv will accept contracts
covering other makes and models of projectors. Included in the con-
tract price will be monthly service calls, emergency calls, and replace-
ment parts.

Two hlm projectors will handle the bulk of film work for a small
station in the control room. A small p(;rlul)le projector can be used o
advantage m the ilm room for previewing film. This will speed up work
and will not tie up the regular program projectors.

All television projectors are cquipped to run by remote control, so
they can be started, shown, switched on audio, dowsed, or stopped from
the control console. The projectors should be located i the control
room somewhere near the control engineer position, so that he can
handle hlm loading and slide stacking. It is better for him to become
accustomed to the noise than to locate the projectors so far away that it
requires a second man to do the projection work.

Enough space should be provided around the projectors so that they
may be serviced casily, rewinding operations are uncomplicated, and the
films to be shown may be kept at hand.

Television projectors are normally equipped for optical sound re-
production. Magnetic sound tracks are gaining in popularity and ac-
ceptance. A magnetic sound track on the film will give a sound far
superior to an optical track and will possess a considerably better noise
figure. You can expect quality {rom a magnetic track as good as you
would get with a quality audio tape recorder. It normally only requires
a flip ol a switch at the control position to change from optical to mag-
netic sound on a projector so equipped. Magnetic sound reproducers
are listed as accessory items on projectors, so il this feature is desired,
it will cost more.

Slide Projectors

Slides make up another importantaspect of projection work. Thereare
a variety of slide projectors available. Some are single units (Fig. 4-23A),
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Fig. 4-23. (A) A single slide projeclor with 7-inch lens. (B) A dual slide
projector with 7-1/2-inch lens. (Spindler & Sauppe, Inc.)

only holding a few slides, while others are dual units (Fig. 4-23B), hold-
ing many slides, and some have random selection available at the con-
trol position. All slide projectors can be operated by remote control.
Slides used are standard 35 mm film positives, set in a slide holder.
Many, many things will be made up on slides, from commercials to news.

Engineering the Control Room

First, you should make a plan of the proposed operation, equipment
layout, ducts, conduit runs, etc. (Sce Chapters 9 and 10.) It is also a
good idea 1o have a wiring diagram of what is planned. As wiring pro-
ceeds, any changes that are made should be written or drawn into the
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diagram. Audio block terminal numbers and jack numbers should be
drawn in and recorded on an audio terminal block sheet such as that
shown with a wiring diagram in Fig. 4-24. Draw all changes us if they
were 10 be drawn for a stranger who will get no explanations. In a couple
of years, you will be this stranger and will appreciate the thoroughness.

- LIMITER - -
1-2 3-4 81 Cl 7-8

(A)

RACK #3  AUDIO BLOCK *2

EXTERNAL INTERNAL
JACK Af , _LIMITER
7/PS , _INPUT
_ UMITER T3 _VACK B/ TIPS
ouTPUT . (WORMALED 70 C1)
STRAPPED 7O —t"Jack B2 11PS
TERMS 3 € 4 7 (LIMITER OUT MULTIPLE)
TO TRANSMITTER ——— JACK C/ TIPS
AUDIO INPUT g (NORMALED TO B81)
9
/0
{B)

Fig. 4-24. (A) A typical audio wiring diagram. (B) The terminal block
sheet showing recorded wiring data.

Video

Video systems are made up on a 75-ohm, unbalanced svstem, one side
grounded. Consider all video circuits as high-level circuits and keep
away from low-level microphone circuits. All video runs should be on
flexible coaxial cable. The most common cables have been the RG/11U
and RG/59BU, 75-ohm. With the advent of color, which has put more
stringent demands on video systems, new coaxial cables have been de-
veloped especially for video. One such cable has a double shield and
physically is about midway between the RG/11 and RG/59B. In size,
the RG/11 1s the largest, the video cable next, and the RG/59B 1s the
smallest. Loss figures vary; that of the RG/59B is about twice that of the
RG/11 and the special video cable losses are midway between these two.
In price, the RG/1'1 will cost about 10¢ a foot, the special video about 164
a foot, and the RG/59B about 4.6¢ a foot, in 1000-foot lots. One should
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consider the loss on the cable when very long runs are to be made. This
will depend upon how much loss the system can stand at that point.
Standard video levels are | volt peak-to-peak (composite) when using a
color system, and 1.4 volts peak-to-peak when using a monochrome
system. The lower levels for the color system are designed o prevent
overloading, nonlinearity, and phasc shift problems that aflect color
more than monochrome. With color growing in popularity, it is well to
design the sysiem in anticipation of future color operations, even though
your initial operations may be only in monochrome. Even though the
better cables for color cost more than standard cables, the {uture cost
of replacing them will be avoided if the operation shifts over to color
programming. The better cables will also improve the present mono-
chrome system.

Audio

Audio cables should be of the two-wire shiclded type, as in good radio
practice. If you acquire a TC-4A switcher, which uses 150-ohim unbal-
anced circuits, use unbalanced for circuits which go directly to the
TC-4A, but after geuing away {rom the switcher, as in the hmiter and
transmitter, go back to the 600-ohm balanced system. The BC-5B con-
solette uses standard 600-ohm balanced circuits, so there will be no
problems. A good, single audio cable to use will be one that has tinned,
solid #22 wires, wraparound shield with separate ground wive, and a
plastic outer covering. By using a shiclded cable that is insulated, tewer
ground problems will arise and there will be less opportunity for bare
shields to short out terminals. The inner conductors should not have a
plastic insulation because heat often breaks this down, which gives rise
to other problems.

Multiple wire cables are also available. These will save much time, be
more efficient, and make a neater installation wherever they may be
used. Basically, they have a number of individually shielded pairs in
one cable, each with their own ground wire. This is the same as making a
number of single cable runs and then lacing them all 1ogether into a
single large cable. You can use multiple cables in runs between the main
audio rack and the console or for the microphone runs into the studio,
where you may have from four to twelve outlets. Naturally, running a
speaker line from the control room to the other end of the building with
a 10-pair cable would be a waste of money. When making a cable run,
whether audio or video, always pull in some spare circuits when the
initial circuits are pulled in or placed in the ducts. All future needs can-
not be anticipated and it doesn’t take very long belore new installations
start to modity the original installation. This is the time when the spare
circuits come in handy and save a lot of time.
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Racks

Each rack should be equipped with a-c power on a plug-in strip, which
provides outlets every six inches, as shown in Fig. 4-25. By this method,
each individual unit in the rack may be plugged into the power strip.
Since each unit will have its own disconnect, it will be a simple matter to
remove a defective unit from the rack without shutting down the whole
rack, which in many cases may not be possible due to the on the air pro-
gram material going through the equipment in the rack. It is desirable
that all a-c plugs be twistlock, which gives a more positive connection
and secures the plug against accidental unplugging.

A-C
PLUGMOLD [C o e oo
STRIP s
GROUND
T | STRAP
Al
olts s 5 ol
REAR | & FRONT
@
oL 3 0008
5 10120V AC
FLOOR DUCT ,%:—*
BUILDING . ..\u I i
GROUND T R E  T—
STRAP\“ —

Fig. 4-25. Power s supplied in a rack by tymg a plugmold strip into the
a-c power. Equipment may then be plugged into a-c outlets on the strip for a
quick disconnect. Note also how the copper ground strap is mounted inside
the rack and solderved to the building ground bus.

A copper strap for grounding is another good feature to add o the
rack (Fig. 4-25). This strap should run down one side of the rack, from
top to bottom, and be soldered 10 the building ground strap in the
trench (the wiring duct built into the floor). If you are using overhcad
wiring raceways or enclosed ducts, take this ground strap out of the top
of the rack. The top and bottom of the strap are bolted to the rack.
Clean off paint so that it makes good contact. Each unit in the rack is
directly grounded to this strap, making it unnecessary to depend upon
the panel bolts cutting through paint to make a solid ground. If you are
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using open frame racks, there is less shielding available and there may
be r-f pickup from a nearby radio station. To overcome this, it is ad-
visable to bond each unit in the rack with a very heavy ground of up to
10-inch wide copper flashing material.

Jacks

Jack fields, both audio and video, should be planned in advance, 1o
make the best cable placement, patch cords, and plugs. Video jacks can
become a nightmare when using RG/11 cable. Good audio wiring prac-
tice dictates adequate separation between high and low level audio cir-
cuits and jacks to prevent cross-talk. Run the audio up the right side of
the rack (as viewed from the rear), and the power, control, and d-c
cables on the left side. Audio wiring should be grouped into cables
according to the signal levels they carry (e.g., all low-level circuits below
—20 db in one group, —20 dh to +8 db in another group. etc.).

Television Remotes— Some Examples

As was pointed out earlier in the chapter, it is very unlikely that a
small station will do live remate work. However, there are circumstances
when live remotes are entirely feasible and not too expensive. Depend-
ing upon the location and available space, here are some types of remote
programs that small stations have done.

A station with a downtown studio was only one building away from an
important hotel. The ballroom of this hotel catered to conventions and
had many important speakers, political gatherings, and the like. The
station made arrangements with the hotel and the building in between
and ran a coaxial video cable and audio cables from the control room to
the hotel ballroom. While the station did have remote equipment, ex-
cept for microwave, it did many important remotes from this location
without the cost of microwave rental.

Another station was located in the downtown section on an important
street. Station personnel ran a long camera cable from the third floor
control down the stairway to the street. Many man-on-the-street inter-
views and similar programs were done from this location.

WLBC-TV, Muncie, Indiana, which is located on its own spacious
property at the edge of the city, scheduled many events on the lot out-
side the studio, especially when groups were too large or particular
subjects could not be comfortably accommodated in the studio (e.g., a
prize-winning bull). Weather is an important factor in “remotes” of this
type, but a high degree of success can be achieved. Some such events
included college and high-school marching bands, college gymmnastic
groups, prize-winning show animals that were brought to the station and
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“interviewed,” plus many local interest features. The camera was simply
operated from the studio through the open outside door, using an ap-
propriate lens.

Little League baschall is very popular in Muncie, as in many areas.
WLBC-TV was one of the first TV stations to televise these games on a
regular 5-day-a-week basis during the season and has been doing so each
year since 1957.

Cost was at a minimum, for the ball field was set up on the station’s
property. The city park department agreed to set up the field and main-
tain it, while the station built the backstop and a camera platform (Fig.
4-26). The city also donated some portable bleachers. Approximately

Fig. 4-26.  The camera platform used by WLBC-TV to cover Little League
baseball games. (WLBC-TV, Muncie, Indiana)

500 feet of camera cable was purchased and attached 1o the AM (rans-
mission line supports. A telephone pole was set in the ground so that it
protruded about three feet above the camera platform and a “top hat”
was mounted on this pole for the camera stand, as shown in Fig. 4-27.
The only equipment required 1o do a “remote” from this location was
the camera, a viewfinder, a friction head, and a microphone for the play-
by-play announcer. For audio, a single, long mike cable was run along
with the camera cable. At first, the camera was transported in a car
trunk, but later, a specially built cart was made to carry the camera
safely to the ball field without damage. A scoreboard was donated, along
with metal numbers, by a soft drink company. Many commercials are
done live, both from the platform and on the ground.

Other events have been televised from 1his field, such as an annual
field day event of the local Boys’ Club.
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Fig. 4-27.  The camera mount on WLBC-TV’s camera platform. Note the
rubber shockmounting where the pole comes through the platform floor.
(WLBC-TV, Muncie, Indiana)

There will be some special events that will command e¢nough sponsor-
ship for a station to do a live television remote. For these occasions it is
sometimes possible to rent remote equipment, even a complete remote
truck. Such rentals are usually worked out between the parties for each
such occasion. Hence, it is often a good practice to become acquainted
with other TV stations around the state, especially the larger ones.
Sometimes, during a slack period, a large station may have idle remote
equipment. In many cases, they would prefer to receive some income on
their investment from rental. One word of caution: trv to make arrange-
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ments a long time before you would like to rent the equipment. Dot
expect to have too much luck with a fast-minute request.

These few examples point up what important contributions a small
station may make in supplying interesting programs in their daily format,
without 100 much program expense, simply by using some ingenuity.

Costs of Basic Control Room Equipment

There are many deluxe features you can incorporate into the control
room (o increase its ability to handle a greater production load. The
following list, however, is designed around the basic minimun in equip-
ment and cost. Pricing, in most cases, is {from RCA’s fatest lists; it will
vary somewhat from that of other manufacturer’s equipment.

Video Equipment

TS-5A video switcher, console, and adapter .. ... ... ... .. $ 1,770
TA-9 stabilizing ampliher (with remote control) . .. ....... ... $ 1,630
TK-21B complete with vidicon fihm chain . ... .. % 9,015

(includes camera, vidicon tube, lens, conn()l .md d( Hecuon
chassis, remote panel, console housmg, master monitor, pow-
cr supplies, and cable)

Console housing, TS-2B switcher, TM-C master monitor . ... §$ 2,320
5 distribution amplifiers, 3 sync adders, bias supply, mounting

fEATINC e e B R % 1ol o 2 8 fuiven B2 el s o G ® 1o 082 o £ e e 5 3 $ 610
TG-2A sync GENCTALOT $ 4,150
6 17-inch video monitors (Miratel Electronics) . . $ 1,494
2 WP-16B solid-state power supplies, | ccnl(lmq volmg,( plug—

in unit, 1 24-volt power supply, 1 plate current meter .. .. ... $ 1,993
Intercom equipment (4 units) . ... ... $ 425
Video patch boardand plugs ... .. .. $ 400

Total $23,807

Audio Equipment

BC-5B audio consolette . ... ... ... ... $ 1,332
BA-6A limiting amplifier .. ......... ... ... o $ 647
BA-24A additional monitoring amplifierand shelt.......... .. $ 248
2 SL.-12A speakerswith cabinets . ........................ ... $ 121
patch panel, mat, and patchcords ................... ... ... $ 100

Towal $ 2,448

Film and Slide Equipment

2 RCA TP-16 film projectors with lens, optical sound, and re-

mote changeover panel . .. ... ... .. $10,310
RCA TP-11C monochrome multiplexer .. ................ ... $ 1,770
Spindler & Sauppe model 322A slide projector withlens . ... .. $ 346
Slide cabinet, hand rewinds, film splicer (Neumade Corp)..... $ 139

Total $12,565
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Equipment Racks

3 efUIPTNEnL TACKS . v 8 5 1ar A% oodm o - a i5wa s D% 20t b $ 789
Total

Video equipment . ... ... .. $23,807

Audio eqUIPMENT ax x +a whia'dgh nmnBs ai. = Oneang a6 . as g gay 28 s $ 2,448

Film and slide equipment. ......................... ... ... $12,565

Equipmentracks .. ... ..o $ 789

Total  $39,609

The basic minimum equipment represented in this total figure will
permit the following functions: (1) Live studio, audio and video; (2) Film
from two projectors with optical sound; (3) Slides from one slide pro-
jector; (4) Direct network audio-video feed; (5) Video monitoring at the
control position, director’s pasition, a monitor in the studio and one in
the lobby; (6) Audio monitoring in the control room, studio, and lobby.

The following items may be added to increase basic flexibility and, of
course, Increase cxpenses.

If cartridge iape is used, at least two playback machines should be em-
ployed in the control room with a recording amplifier and playback
machine in the recording booth. It a conventional tape machine is used,
ry o get one with relay starting. This will enable use of a pre-set posi-
tion on the video console.

A turntable may be desired for background and fill music and special
effects. Most ot the program material can be put on cartridge or con-
ventional tape; if so, the turntable would be in the recording booth.

Magnetic sound may be added to film projectors either at the factory
or in the field. If you anticipate using magnetic sound, either immedi-
ately or in the fuwre, the projectors noted below (item 3) should be
purchased instead of the RCA TP-16.

Cost of additional features:

1. 3 cartridge tape machines, RCA RT-7B, plus amplilier .. ... § 2,101
2. RCA BQ-51A turntable, complete with tone arm, cabinet,
ANY STYIUS - s 155 02 T e pbe . Fdwle e Fiwie 8 - alem ATmal B p e 2 ¥ 474
3. 2 Eastman 275 film projectors, equipped for both optical and
magneticsound ... oL $15,390
4. CBS Laboratories” Audimax RZ 11 (agc amphfier).......... $ 600

5. Gates Radio Co.’s Level Devil (agec amplifier) ............. $§ 375




Chapter 5
The UHF Transmitter

The UHF Band

By the late 1940, the 12 original vhf channels, assigned in 1945,
were not sufficient 1o provide a nationwide service. In 1952, the FCC
increased the number of channels by designating 70 uhf channels in
the 470-890 megacycle range. The new range ol 82 channels (2 —83)
permitted the FCC 1o allocate channels so that every community in
the country could be served with a local outlet. The location, range,
and frequency ol each outlet was fixed to prevent the kind of haphazard
development that has plagued the AM band. Each community, with the
channel or channels assigned 1o it, is listed 11, the FCC Table of Assign-
ments. This careful planning has eliminated the need for directional
antennas and daytime stations; each uhf station can have full maxi-
mum coverage. When a directional antenna is used in this service, it
has been designed to overcome coverage problems, rather than to avoid
interference to other stations.

The channel designation for a community is governed by rules of
mileage separation, which specity required distances between co-
channel and adjacent-channel stations. Stations on the same channel
(co-channel) can not be closer together than 155 miles in Zone I, 175
miles in Zone [I, or 205 miles in Zone IIl. (Zones are designated in
paragraph 73.609 of the FCC Rules.) Stations on channels on either side
of a channel (adjacent channel) may not be closer together than 55 miles
in all zones.

88
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Fig. 5-1. The GE TT-554, a 100-watt uhf-TV transmider, may be used
as a full transmitter or as a driver for high-power transmitiers. The man in
the photo is Ralph Thompson, GE project engineer. (GE)

Power and Separation

To overcome some of the propagation tactors at uhf, the maximum
radiated peak visual power may be 5000 kw with a tower height above
average terrain of 2000 feet. The visual carrier frequency must be main-
tained within + 1000 cps of the assigned frequency. The aural center
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frequency must be maintained at 4.5 mc £ 1000 cps above the visual
carrier. The tolerance for the aural carrier is tighter than for FM radio,
which may vary by & 2000 cps from the assigned trequency.

The separation between carriers is important and must be main-
tained. If not, the transmitters may go out of tolerance. When both
carriers are drifting in the same direction, there will be no problem,
uniess they go past tolerance. When each carrier drifts away from the
other or towards the other, the separation may become oo little or too
much. If separation is too narrow, it may be dithcult to keep the sound
out of the picture; if it is too wide, trouble may be experienced on some
sets trying to tune both the sound and picture properly.

Fig. 5-2. Vern Shatto of KERO-TV is shown inspecting their GE TT-574
uhf transmitter, a 25 kilowatt model. This unit is driven by the TT-554. (GE)

Modulation

Amplitude modulation of the visual carrier 1s used. Negative trans-
niission 1s specified, which means that black and shades of grey near
black i the picture information will cause the transmitted power out-
put to increase, and sync, which is in the blacker than black range, will
represent the maximum peak power. In AM radio, the audio is normally
composed of equal positive and negative peaks, so that modulation is
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a matter of preventing the negative peak from cutting the carrier. How-
ever, a lelevision modulating signal is not made up of cqual positive
and negative peaks; it is a varving level of d-c voltages, with some com-
ponents remaining constant. The audio modulating signal may be re-
versed in polarity on an AM transmitter without any consequences, but
such is not the case with a television signal. Since black or blanking is
the only constant value of the television signal, and sync, the second
most constant value, sets on this (the least stable component is the video
information), blanking was chosen to represent a definite amount of
modulation with syvnc representing the peak of transmitted power.
Therefore, the transmitter is constantly being modulated by the sync
pulses to 100 percent, allowing the video information w fall where it
will inside this figure, but not enough to cut the carrier. Actually, the
FCC Rules specify definite tolerances around these figures.

Specifications for the aural transmitter are essentially the same as
for FM radio, with some cxceptions. In TV, 100 percent modulation
corresponds to a carrier swing of = 25 ke. The FM noise requirement is
tess (minus 55 db is permitted).

Special UHF Transmitter Features

Generating uht carriers requires several new techniques, circuits,
and tubes. Crystals ave still the most stable circuits for oscillators, but
their size limits the upper range of frequencies at which they will con-
tinue to oscillate. Today, you will find third overtone crystals in the
uht exciter operating in the neighborhood ot 36 mc. A few years ago,

£ g
such crystal operation was considered to be improbable, yet these crys-
tals have proven themselves ta be both reliable and stable in this service.

Multipliers

Even 36 mc, however, is far below the uhf carrier frequencies. Con-
sequently, a number of multiplier stages are required. For example,
the video carrier frequency for channel 83 is 885.25 mic; a crystal op-
erating at 36.885417 mc will require a multiplication factor of 24 to
raise it to this frequency. The number ol multiplier stages required will
depend upon the output that can be obtained when a harmonic is se-
lected for amplification. Qutput usually diminishes for the higher order
harmonics. Theretore, the second and third harmonics are selected
because of the higher output obtained.

Spurious Emissions

When a multiplier is also developing power, all of the additional har-
monics are quite strong. Good bypassing, trapping, and shielding are
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Yy

Fig. 5-3. The front view of the RCA TTU-25B, 25 hilowatt uhf trans-
mitter. (RCA)

required 1o keep these harmonics from radiating as spurious signals.
Even the selected harmonic can cause trouble in this regard. Let us
assume, for example, that you are operating on channel 33 and that your
visual crystal is approximately 32.5 mc. When this is doubled, it is 65
mc (near the audio portion of channel 3), and if it is tripled, it is 97.5
mc (right in the FM band).

Tubes

New power tubes had to be developed for uhf operation. Some tubes
operated in this region, but nothing would perform well in TV service
except the klystron tube. A predominant tube problem at high fre-
quencies is the /ransit time effect. As higher frequencies are passed
through the tube, a point is reached where the element leads and the
space between the elements become a critical part or more of the wave-
length of the input signal. From an operating standpoint, the transit
time effect will cause input circuit losses and backheating of the cathode.
The input losses require greater driving power and the backheating
will raise the cathode temperature well above the normal design tem-
perature. Unless appropriate measures are taken, the life of the tube
will be appreciably shortened. Changing effects on the input will cause
unstable operation and the output power will drift up and down be-
cause of stage detuning. Parasitics can develop if lead lengths become
more resonant at some {requency that can be shocked into oscillation
or is some multiple of the operating frequency.
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UHF tubes have either been designed to use the transit time effect, as
1s done in the klystron, or minimize it, as is done in the uhf tetrode (Fig.
5-5). General Electric now uses a 4-cavity klystron tube (Fig. 5-6) de-
veloped by Eimac (Eitel-McCullough, Inc.), as the power amplifier in
high power transmitters. RCA had developed air-cooled tetrodes that
operate at I kw, 2 kw, and 10 kw, and a water-cooled tetrode that op-
erates at higher powers. RCA high-power transmitters of 30 kw and
above are now using klystron tubes made by Varian Corp. This tube is
vapor-cooled; the Eimac tube is either water-cooled or vapor phase
cooled, depending upon type.

Fig. 5-5. (A4) A ceramic, air-cooled, 1 kw uhf tetrode tube. (B) The RCA
6448 water-cooled tetrode tube for use at 12.5 jw. (RCA)

The Klystron Tube

Klystron tubes have been in use for a long time in such high frequency
applications as radar and microwave. They were first used lor uhf TV
broadcasting in General Electric transmitters as power oulput tubes
for high powers.

The klystron is not a wbe in the ordinarv sense, utihzing control
grids and other such internal elements o control the electron stream
trom the cathode to the plate. Basically, 1t is a device with an electron
gun or cathode at one end of a long cvlinder that fires an electron beam
at a target or anode on the opposite end (Figs. 5-7 and 5-8). The elec-
trons are collected into a beam at the cathode by focusing plates and
are then directed into the cylinder, where the beam is narrowed by an
external magnetic field. Along the cvlinder are ceramic “windows” that
completely encircle the tube. External resonant cavities are mounted
around these windows.



THE UHF TRANSMITTER 95

Fig. 5-6. The Eimac 4KMI100LA Fig. 5-7. The Varuan klystron {ube,
klystron tube wses external cavities. used in high power RCA uhftransmat-
(Eitel-McCullough, Inc.) ters, has four internal cavities. (RCA)

4 EXTERNAL
CAVITIES

R-F INPUT R-F OUTPUT

FOCUS LENS COLLECTOR

:;}]——_—7— _____________________ > H

oo/ NNV N

CERAMIC WINDOWS
ELECTRON FOR EACH CAVITY

BEAM ;
EXTERNAL COIL TO PRODUCE
MAGNETIC FIELD FOR

FOCUS OF ELECTRON BEAM
L" - HIGH VOLTAGE

Fig. 5-8. A suuplified drawing of the kiystron power tube used in uhf~TV

transmutters.

+ HIGH VOLTAGE «+—

The Eimac tubes used in the GE transmitters employ four cavities in
sequence along the tube. The Varian klystron tube uses four mternal
cavities for the 50-kw model and stagger-tuned (4) cavities for the 30-
kw model. As the clectron beam passes through the fivst cavity, it is
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modulated by the input r-f signal, which enters at this cavity. The posi-
tive value of this r-f signal speeds the electrons up and the negative
half cycle slows down the next part ol the electron stream. This speedup
and slowdown of different groups ot electrons in accordance with the
r-I input voltage increases and is intensified as they pass each of the
cavities along the cylinder, so that the electrons are bunched into very
dense sections when they pass the last cavity. Hence, the beam is called
a velocity modulated beam. R-1" energy is coupled to the output circuit
from the last cavity and the beam terminates on the target, which is
called the collector.

The klystron tube is ideal for high power applications because it is
simple. Since there 13 nothing in the center of the cylinder, with only
the cathode at one end and the collector at the other end, high voliage
spacing is not a problem. Water cooling 1s also a simple process, as the
tube has large openings and areas that do not require special filtering
of the water or coolant.

This tube’s efficiency is spectacular. For example, the GE transmitter
only uses a little over 5 to 10 watts rf to drive the klystron to 12.5 kw
output power from one klystron tube. Broadbanding is no problem and
an 8-mc bandpass is easy to obtain.

These tubes, however, are large and quite heavy. The tubes used in
the GE transmitters are approximately 5 feet long, depending upon the
channel, and weigh around 100 pounds. The amplifier assemblies are
also large and heavy, weighing about 1800 pounds. The assemblies
have wheels that permit rolling the unit in and out of the transmitter
cabmet. Tubes of such weight and size are not “changed, they are
“assembled” into the stage. The klvstron tube in the RCA transmitter
weighs 250 pounds, and the complete amplifier assembly weighs 250
pounds. This tube is 53 inches long. Even though it weighs less than the
Eimac tube, it is still a handtul.

Tube Replacement

None of these handling problems are any real concern when it comes
to replacing a tube that goes bad in service. A spare amplifier assembly,
with the tube installed and pretuned, is kept nearby, and trained people
can change the whole assembly in a little more than five minutes. This
changing process involves the output line, input line, power connections,
and water connections. This same procedure is used with the high-
power tetrode tubes used in RCA transmitters, where a complete pre-
tuned cavity and tube arc mounted on a carriage ready to roll into
position in the transmitter should the one in service fail, as shown in

Fig. 5-10.



Fig. 5-9.  This carriage holds a spare, pretuned kiystron tuve. (RCA)

Cavity Circuits

R-F stages at low [requencies require large lumped inductances and
capacities for resonance. At uhf these values are quite small, so that
the lead, tube, and stray capacities of a normal circuit are 100 much;
different circuits are needed. Cavity circuits have been in use for years
m microwave and radar, but uht is a low frequency by their standards,
so some adaptation was necessary.

A cavity is nothing more than a specially designed box, whose inside
dimensions will resonate at uhf frequencies when coupled with the
internal inductance and capacity of the wube. The cavity is tuned by
altering its inside dimensions with shding bars with spring contacts,
which are adjusted by a control knob from the outside. This method
permits use of the same cavity over the entire uhf band, with only slight
modifications at either end of the band. The r-f energv, because of skin
effect, is only on the inner surface; the outside of the cavity is at ground
potential and is safe for the operator.
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Fig. 5-10. The PA amplifier cabinet of the RCA TTU-25B transmitter,
assembled and ready to be rolled into place. (RCA)

Coupling

Since cavities are complete in themselves and rather large, each stage
must be coupled to another stage by coaxial cable. The coupling is
clamped onto a small loop or disc that is inserted into the cavity (Fig.
5-11). The coupling is adjusted by changing the insertion depth of this
coupler. Of course, cables introduce their own problems of losses,
voltage standing wave ratio (VSWR), and heating. The coupling be-
tween stages should be adjusted for minimum VSWR, so that the best
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COUPLER GRID CAVITY
PLATE CAVITY
OF ONE STAGE OF FOLLOWING
STAGE
R S
DIsSC : R : L _DISC
COUPLER FLEXIBLE CABLE COUPLER

Fig. 5-11.  Cauities are connected with disc couplers and flexible cable.

transfer of power will occur and cable heating problems are reduced.
High VSWR at these frequencies can melt regular polyethylene cables
like taffy. Teflon cable should be used where frequencies are multi-
plied to uhf and power is present. This cable can withstand much higher
VSWR than can regular RG/8 cable. A poor connection within the cable
plug will burn rapidly at uhf levels.

Unwanted Coupling

Because of the many frequencies (both the desired and unwanted
harmonics in the multiplier stages, plus both carriers at 4.5 me apart),
there are many opportunities for unwanted signals to get into places
where they don’t belong. Extensive interference may result because of
poor bypassing and shielding or defective chokes. This interference
will show up as beats in the picture signal and can become very trouble-
some, with a source that is hard to locate. The output stages can also
couple back into the lower stages with regeneration problens.

Monitoring

Transmitter monitoring falls into four categories: visual modulation,
visual Irequency, aural modulation, and aural frequency. Monitoring
the aural modulation and aural frequency is accomplished in the normal
FM manner. In television, both the visual and aural are contained in
a single monitor with one master oscillator serving both. The master
oscillator output is fed through multiplier stages up o the two carriers
through separate channels. Beyond this point, the aural channel is
handled as in the regular FM monitors, while the visual channel has an
additional crystal oscillator to provide a beat note that may be read on a
meter as a frequency deviation.

The Hewlett-Packard model 335E station monitor (Figs. 5-12 and
5-13) is an ideal instrument designed for this purpose. Separate meters
continuously indicate the visual frequency deviation, the aural center
frequency deviation, and the aural percent of modulation. Separation
between the carriers is simple and direct, without any calculations. All
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Fig. 5-12. The Hewlett-Packard 335E TV station monitor. (Hewleti-
Packard)

adjustments and controls are under a hinged panel that drops down
from the front. This is a compact unit that takes up only 12} inches of
rack space.

The visual modulation may be monitored with a diode detector
mounted on the transmission line before the sideband suppressor
(Fig. 5-14). A receiver is not very good at the transmitter site and can-
not give reliable information, anvway. The line should be tapped with
a directional coupler (Fig. 5-15), picking up only the incident or trans-
mitted wave, not reflections. By coupling before sideband suppression
you will see both sidebands; a diode will display a very distorted picture
if it is coupled after the lower sideband suppression. This video intforma-
tion should be sent back on a video cable to the control position. There,
it will be monitored with a suitable monitor that also incorporates a
CRO display tube, with a graticule etched with percentage of modula-
tion markings to set and read modulation levels.

A chopper is required at the monitor position, also, so that the video
may be intermittently reduced to zero (equivalent to no carrier). This
chopper is usually a pushbutton-operated relay. When thhe CRO is set
to observe a horizontal sync display, a straight line will appear across
the top of its tace; this is the reference point. (The industry has accepted
as a standard a CRO display on which sync is negative, so that sync is at
the bottom of the display. This differs from the display shown in the
FCC Rules where the sync pulses point upwards. There is reallv no con-
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flict here, as polarity reversal will take place throughout the system as
it progresses stage by stage. The FCC display is intended to show the
modulation effect of a composite wave on the transmitter output.)

The Visual Transmitter

Oscillators

The oscillator in the RCA TTU-IB transmitter is a conventional
crystal-controlled stage, with a high frequency crystal. This crystal is a
third overtone type, operating at approximately 26.18 mc 10 36.88 nc,
depending upon the channel. For the sake of stability, no multiplication
is done. Instead, the stage is followed by a buffer amplifier on a single
frequency.

TRANSMISSION LINE

TO ANTENNA
=
DIRECTIONAL
COUPLER
DIODE
VIDEO
-—"" CABLE
3 CHOPPER
— 0 | ReLAY
70
PUSHBUTTON
| _CHOPPER
f LINE
12.5% 4
ol |V IDEO
PERCENT
MODULAT ION - BLANKING
° |~ PULSE
{3 \
1007\/'\ HOR IZONTAL
~SYNC.
0SCILLOSCOPE PULSE

Fig. 5-14.  Video monitoring the visual iransmitier.
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Fig. 5-15. A4 directional coupler mounted in a short section of 3-1/8-inch
transmission line. (RCA)

Muluipliers are less eflicient as the higher order harmonics are se-
lected for amplilication. Generally, second or third order harmonics
are strong, so the stages are operated as doublers or triplers. The third
overtone type crystal takes a multiplication of 24 times to raise 1t to
carrier level. By using triplers and doublers, only four stages of multi-
plication are required to accomplish this. As frequency increases with
multiplication, these stages are conventional m design and arrange-
ment until the last two are reached; the next (o the last multiplier stage
uses parallel lines and shorung bars and the final doubler is a cavity.

Tubes and Cavities

The RCA TTU-1B 1ransmitter (Figs. 5-16, 5-17, and 5-18), rated at
I kw, uses three cavities each on the visual and aural sides. All the stages
prior to these three cavities are considered to be the visual exciter, whose

power output at this point is about 50 watts. All the prior stages are of

conventional design with conventional coupling, except tor the difler-
ences noted previously. Bevond the cavities, coupling is through co-
axial cable.

Cavities use special triodes and a ceramic tetrode (6181) as the
power amphher (PA) output rube. All these tubes are forced air cooled,
each having hinned radiators on the plate. The cavities have been so de-
signed that the tubes are mmserted easily and only the finned plate pro-
trudes. A hinged, clear plastic cover, interlocked to the high voltage,
with holes to allow the air 1o escape, covers the plate of the tube. This
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prevents the operator from touching high voltage and allows air 10
escape into the cabinet. Contact to the tube elements is made by circular
spring contacts, so that no guide pins are necessary to insert a tube cor-
rectlly. The tube cannot be put in incorrectly, because you need only
lift the cover and push the tube into the cavity, making certain it is
seated properly.

B - = R+ o—-
esaa
. (3 < . 1

Fig. 5-16. A view of the RCA TTU-1B uhf transmitter with its front
doors open. The aural section is on the lefi; the visual section on the right.
(RCA)

Grid and plate circuit cavities are incorporated in one box, with the
center divider being common to both. Since the r-{ is only on the in-
side edge of the box, the box is grounded, which provides excellent
isolation between input and output. Bypass capacitors are of the circular
mica disc type, coated on both sides with a silver material. They are
imserted i place, sandwich fashion, so that no connecting leads are
used.

High voltage isolation is accomplished by the use of mica insulators,
which are plain mica discs without the silver coating.

One cavity is used as a doubler, the second as an intermediate power
amplifier (IPA) stage, and the third as the output stage. As the 6161
tube is a triode, neutralization is necessary in the IPA srage. A small
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disc protrudes from the plate cavity into the grid cavity. The end of it
appears outside the cavity for adjustment purposes and locking in place.
Adjustment is simple. The operator merely adjusts the depth the disc
1s inserted into the opposite side ol the cavity until neutralization is
accomplished. Power ouiput from the doubler will be approximately
80 10 120 waits; out of the IPA it will be about 140 to 200 watts, de-
pending upon channel and plate voltage.

The Output Stage

The output cavity of the final stage is somewhat different in design,
having a rectangular cavity for the plate circuit and a cylindrical cavity
for the cathode circuit. This stage is operated as a grounded grid stage.
The plate cavity is adjustable from the front with a single tuning knob
and the cathode has a capacitor plate adjustment on the front knob. In-
ternally, four ganged shorting bars are moved by the one tuning knob
to change the inside dimensions of the plate circuit. The tube makes
contact by springs, as is done with the other cavities, and is simple to
insert by lifting the hinged, clear plastic, interlocked top cover. There
is one difference, however; four hold-down clamps are provided to en-
sure proper seating of the tube. Forced air enters the cavity from two
points, cooling both the tube seals and the cavity.

The output from the final cavity is directly coupled to a 324 -inch line.
Output coupling is adjusted by rotating a small loop that protrudes in-
side the plate cavity.

This transmitter is used as a driver for all of RCA’s older model
higher power transmitters. When going to higher powers, PA amplifiers
and cavities, with their associated power supplies and control circuits,
are added 1o this transmitter. Only one tube is used for the 12.5-kw
output and a different tube type is used tor the 25-kw output. These
high power amplifiers have cavities designed 1o accommodate both the
tube with its higher voltages and the tube water cooling system. Power
is coupled from the driver 1o the PA amplifier through a larger diameter
Teflon cable. The PA is operated as a linear amplitier.

The Modulator

The TTU-1B uses a special modulator of the 6181 PA cathode circuit.
As there are no linear stages in this transmitter, tuning ol all the lower
stages is a simple matter of peaking each stage, using its individual
metering as indicators with no worry about sideband clipping. Only
the plate circuit tuning of the PA will have any eflect on the sidebands,
but this is not critical. because the bandpass is set with the outpul
coupling at the point where the stage is peaked.
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The 6181 tube draws about | amp average plate current and 1.7
amps peak. For those not familiar with high frequency tubes, this plate
current value may seem to be especially high, since even medium power
AM transmitters use plate currents in terms of milliamperes. There
has been a trend, even in FM radio, in the direction of higher plate
currents and lower plate voltages. Needless to say, these higher currents
demand a huskier power supply and transtformer. The transtormers for
the 12.5-kw and the 25-kw transformers are very large, necessitating
a separate transformer room or vault.

Eight 6146 tubes are used in parallel as a modulator in series with
the cathode of the 6181 PA output tube. This large number of modula-
tor tubes is needed to pass the heavy plate current of the 6181. Screen
voltage is highly regulated on both the screen grids of the modulator
tubes and the screen grid of the PA tube from different power supplies
for stability. The modulators get their plate voltage from the PA cath-
ode voltage developed across this cathode load. Metering of each modu-
lator tube is provided, so that it is easier to spot a weak tube and change
it before it can upset the modulator characteristics.

Across the modulator is a dynamic negative capacitor. This is a circuit
made up of five 6146 tubes. The circuit is designed to cancel out the
effect of shunt capacity across the modulator load that is caused by vary-
ing plate currents of the output stage. With this circuit, phase changes
caused by black to white excursions of the video information are pre-
vented. Color transmission requires a constant phase throughout the
svstem.

Clamping is done on the back porch of horizontal blanking at the
modulator grids. Since the modulators are direct coupled to the PA
stage, this effectively clamps the output stage. The clamp circuits are
conventional except for the pulses, which must be in the region of 75
volts for both positive and negative pulses. For maintenance purposes,
the clamp may be switched out of the circuit and d-c bias supplied to
the modulator tubes.

Blanking or black level is the only component of the signal that is
not adjustable, except at the transmitter. Both video and sync can be
changed at will by the operator at the control console. There can be

compression of both video and sync, depending upon the linearity of

the tube. Hence, clamping on blanking assures a constant relerence
for power output.

RCA’s new 2-kw and 10-kw modecls are completely new designs, as
are the higher power units. Besides the air-cooled tetrode output tubes,
other new features include low level modulation, silicon rectifiers
throughout, the first traveling-wave tube used in a broadcast trans-
mitter, and new cabinets that are smaller in size and designed for re-
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mote control. One unique feature of the traveling-wave tube is a 26
db gain without runing controls. The TTU-30A and TTU-50B, using
klystron tubes, are a complete break from RCA’s traditional use of
tetrodes in uht transmitters.

General Electric has taken some new and interesting approaches in
their newest models. The visual oscillator circuit in the model TT-55A,
their 100-watt transmitter, is a transistorized, crystal-controlled stage.
The whole circuit, including crystal, oven, and buffer, is a sealed, plug-
in package for high stability. The bufler stage is a tube circuit, as are
all of the following stages. A multiplication factor ot 96 is used to bring
the crystal frequency up to carvier frequency. All multipliers are
doublers, with the exception of one tripler stage. As the frequency gets
into the higher ranges, cavity circuits are used. The output stage is a
8226 tube, cathode-modulated. The modulator is a 7094 tube. Clamp-
ing is done on the back porch of horizontal blanking and circuitry 1s
provided in the modulator to overcome any nonlinearity that may be
caused by the output tube.

Mounted in a single cabinet, the TT-55A isa complete 100-watt trans-
mitter, containing both visual and aural transmitters and the neces-
sary power supplies. This unit may be used as a low power transmitier
if it will satisty the needs of the station. Otherwise, it is used as the
driver for the higher power 12.5-kw and 25-kw amplifiers. The high
power amplifiers use the Eimac 4KM70LA and 4KMI100LA klystron
tubes, one in the visual and one in the aural. A single, high voltage
solid-state power supply is used for both aural and visual amplifiers.

The Aural Transmitter

The Modulator-Exciter

The aural exciter may use any method of modulation, as long as the
output is FM. The serrasoid modulator is used in ‘some transmitters.
It is a good modulator, that offers the advantage of direct crystal con-
trol of the center frequency. However, it does utilize a large number
of multiplier stages to bring the crystal level up to carrier level. Since
the swing of the carrier is also multiplied as it passes through a multi-
plier, the initial modulation is very small. Consequently, this modulator
is more susceptible to noise problems. Some FM radio transmitters are
now using this type of modulator-exciter. A greater carrier swing is
required in FM service and fewer multipliers are necessary because
the carrier frequency is lower.

The RCA TTU-1B uses a modified version of the straight serrasoid
modulator-exciter. Besides the normal low frequency crystal oscillator,
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which operates at 130 ke, a high frequency crystal oscillator is used
later to mix with the multiplied low frequency output, which is modu-
lated. The resulting beat provides the output frequency of the exciter,
which is approximately 28 mc or similar to the visual exciter output with
a 4.5-mc difterence. This high frequency translation helps keep the
noise higure low without additional multiplication of the modulation
swing. Having the output frequency the same for both visual and aural
exciters permits the upper stages to be identical on both sides. The
upper cavitics are interchangeable between visual and aural transmitters.

The first time someone has 10 troubleshoot in the serrasoid modu-
lator-exciter with an oscilloscope, he may be quite surprised at the wave-
forms that are discovered. He will find that a sine wave out of the crys-
tal oscillator is converted to pulses that trigger a clipped sawtooth from
a sawtooth gencrator. He may wonder how this thing could possibly
produce good audio. [t does, if the sawiooth is kept linear and the modu-
lation audio does not drive it out of range.

Broadbanding the Exciter

Broadbanding each stage is important in the aural exciter, since, at
these low frequencies, efficient transtormers are used which can easily
be tuned so that sideband clipping occurs, just as can be done in i-f
stages of a receiver. Once the frequency gets to the upper stages, broad-
banding is no problem. The Q of these circuits is low enough so that it
is necessary only to peak each stage by its meter indication. It should be
pointed out that only rarely are adjustments necessary in these stages in
the exciter. Such an occasion might be the changing of channels for the
transmitter, when a new tuncup would be required.

The Output Stage

The 6181 PA stage operates as a grounded grid stage, cathode-driven.
[t differs from the visual, for it operates with an FM modulated carrier,
just as any conventional FM radio transmitter. The power output is
rated at 600 watts. Actually, the visual is putting out this amount of
power as an average power and the 1 kw power figure is peak power.

Broadbanding is again no problem, since these cavities are designed
broadband. This same cavity in visual service normally passes an 8-mc
bandwidth, so it is doubtful that anything can be done to hurt the audio
bandpass of 50 ke.

The modulator-oscillator in the GE TT-55A is an interesting, new
approach. The crystal oscillator is working at the same [requency as the
visual oscillator, except for the separation needed for the final 4.5-mc
difference between carriers. This oscillator is also a transistorized unit,
with crystal, circuit, buffer, and oven in a sealed plug-in unit. Audio
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modulation is accomplished with direct Irequency modulation of the
crystal oscillator by electrical variation of the capacitance across the
crvstal. This capacitance is a semiconductor, variable voltage capacitor.
The aural and visual exciters are identical, with the exception of the
provision for aural modulation. The multiplication rate is the same. The
only other difference occurs at the 8226 output stage, which is not modu-
lated as is the visual output stage. Since the power output requirement
is not as great on the aural side, it works with one less stage; the final
8226 acts also as the final doubler. Reflectometers are used to monitor
power output on both the visual and aural sides tor all powers.

Fig. 5-19. The 6161 air-cooled tetrode is used in the lower stages of the
RCA TTU-1B transmitter. (RCA, Tube Division)

Video Requirements

W hite Stretching

Most power tubes have some degree of nonlincarity that will aftect
the grey scale of a monochrome picture or degrade color. When color
is transmitted, this nonlinearity must be compensated for. To do this,
the video is pre-emphasized so that white portions are stretched; i.e.,
amplified more than the dark or black portions. When this passes
through the output tube, the video will return to its proper proport 1ons.

This white stretching is usually done in a stabilizing amplifier im-
mediately before the video is fed o the transmitter. Typical circuits
use biased diodes across a video stage, usually with adjustable bias on
each diode. This permits different levels of video from black to white




112 PLANNING THE LOCAL UHF-TV STATION

to be amplified nonlinearly, according to the way the biasing is adjusted.
A wimmer capacitor is mounted across each diode so that any phase
displacement caused by these diodes can be corrected.

The Low Pass Filter

Most of the studio equipment is capable of a video bandpass of 8 mc.
If the transmitter were permitted to transmit all this information, the
sidebands would intertere with adjacent channel stations. (This is the
same as modulation of an AM transmitter with 10-kc information —the
channel width would be doubled.) The FCC requires, therefore, that a
low pass filter be installed betore the video gets to the transmitter that
will limit the video bandpass to 4.5 mc. Only passive elements of coils,
capacitors, and resistors are used in this filter.

The Notch Filter

If your transmitter is capable of monochrome video only and you re-
ceive color programs from some source, you will be required to install
a 3.58-mc notch filter in the video line to kill the color. This prevents
transmission of degraded color. If no color programs are received, this
filter is not necessary.

Phase Equalization

Color demands closer tolerances in the transmitter. All electronic
color has a phase relationship with the burst and the other color com-
ponents transmitted. Therefore, it should be passed along with as litle
phase shift as possible. Suppressing part of the lower sideband, tuned
circuits in the diplexer, tuned circuits in the low pass filter, or tuned
circuits in home receivers mav cause some phase shift. Phase equalizers
must be installed in the video line before the transmitter to compensate
for all these various phase shift possibilities.

Vestigial Sideband Filter—Diplexer

The lower sideband of the visual signal is partally suppressed. This
method is a compromise to enable the transmission of more video in-
formation in a given channel width. With no lower sideband suppres-
sion, full, double sidebands will be present, as in any AM system, and
only 3-mc sidebands on either side of carrier would fit into the channel.
Even this would have to be reduced further so that the aural carrier
could be accommodated. By suppressing all but 1.25 mc of the lower
sideband, the carrier can be moved 1.25 mc above the lower edge
of the channel. Some of the lower sideband is retained so that receivers
may be adjusted without any complications. By moving the visual
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carrier i this fashion, 4.5 mc of video information may be transmitted
with room for the aural carrier and us sidebands at the upper edge of
the channel.

A diplexer is a device that permits two transmitters to be fed into
one transmission line without mterference. Recent relaxation of the FCC
rules permits low power uhf transmitters of I kw or less to transmit
double sidebands. It color is transmitted, however, suppression of the
3.58-mc region below carrier is required. RCA uses a single unit, called
a filterplexer (Fig. 5-20), to accomplish both purposes.

Fig. 5-20.  The complete filterplexer. (RCA)

The filterplexer is a positive suppression unit that permits the trans-
mitter to be less complicated: tuning can be done without concern for
the sidebands. Some transmitters have transmitter circuit tuning to
suppress the lower sideband. The problem with this method 1s that the
operator must be careful when operaung the transmitter to ensure
the lower sideband does not reappear. Filterplexers are built for each
channel and the line sections are designed for the correct frequencices.
Therefore, vou will not be able to purchase a used one unless you can
find one used on your channel.
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The filterplexer is made up of a number of tuned-line sections, some
of which are used to suppress the lower sideband, and two spherves that
keep the aural power out of the video transmitter. The spheres and
the lower sideband units are tunable, while the diplexer makes use of
fixed line sections. Coaxial line sections make a very high Q circuit and
do an excellent job. The lower sideband that is suppressed is dissipated
in a load resistor. The resonant line scctions allow either transmitter
to see only the 50-ohm transmission line, while the other transmitter
looks like infinity.

Since the line sections are very critical, the whole unit.is pressurized
internally, with a pressure regulator holding it 1o 12 pounds per square
inch. Normally, nitrogen is used as a gas on lower powers and sulpher-
hexafluoride, which has higher insulating properties, is used for higher
powers at a pressure of 24 pounds per square inch. As air temperature
changes also affect the tuning, it is important that the temperature be
relatively constant around the unit; it should not be mounted in a posi-
tion where it is subject to drafts or continual temperature changes.

Blowers are added when high powers are used. Hoses feed air down
inside the tuning cores on the tuned sections 1o reduce heating at these
points. As with any high Q circuits, voltages that are all out of proportion
o the applied voltage may appear. R-F arcing within one of the line
sections or tuned sections can be a very serious problem.

A passive element, bandpass harmonic filter is installed in the trans-
mission line 1o the antenna. This suppresses any harmonics that may be
radiated and will suppress the harmonic components to within FCC
specifications.

Maintenance Techniques

All of the information in this section relates to the RCA TTU-1B
1 kw transmitter. Higher power transmitters will require certain tech-
niques peculiar to their power and associated power supply and control
circuits. Since all previous models of RCA’s higher power transmitters
use the TTU-1B as a driver, the techniques described will still be per-
tinent as far as the driver is concerned. It is hardly likely that a small
market station will be using high power transmitters, unless coverage
1s a problem.

Calibrating Reflectometers

A reflectometer is a peak-reading diode detector connected into the
transmission line with a directional coupler that is oriented so that the
incident transmitted wave is intercepted. Another identical diode and
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coupler are oriented to intercept the reflected wave. By the use of a
switch and calibrating potentiometers, voltage standing-wave ratios
may also be read with the reflectometer. Since the reflectometer is simply
a diode detector, it must be calibrated if it is to have any meaning.

The Visual Reflectometer. The transmitter must be terminated in a load
and wattmeter after the filterplexer and harmonic filter (Fig. 5-21). The
video detector and chopper are also necessary. Leave the aural trans-
mitter turned off.

REGULAR COAX TRANSMISSION LINE T

]

DIRECTIONAL

COUPLER CRYSTAL DUMMY LOAD
REGULAR DI0DE
VIDEO DETECTOR

CHOPPER
& RELAY

13

CHOPPER LINE

BLANKING 75%
SYNC. 100% L [
[ee} o 0 WATTMETER

WAVEFORM MONITOR

Fig. 5-21. Calibrating the visual reflectometer.

Modulate the transmitter with blanking and sync only. Observe the
demodulated blanking and sync on the CRO tube with the chopper in
operation. Increase r-f drive and sync and adjust the black level control
on the transmitter (which adjusts PA stage bias) until the correct ratio
of sync and blanking (75% and 100% modulation) occur at the same
time as the wattmeter reads 595 watts. The clamp circuit should be in
operation during this measurement. Obtaining all these factors at the
same time may be a little tricky at first, but a litde practice will soon
indicate the direction each must go to bring them all together.

When vou have all these factors reading correctly at the same time,
adjust the reflectometer meter to read 100% power. A word of caution
here: make certain that the filament voltage is adjusted to the normal
operating voltage; otherwise, the diode detector tube will not give accu-
rate readings. Alter all these adjustments have been made correctly,
the 6181 plate current will read about 1 ampere.
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The 595 watts read on the wattmeter is the average power of the
visual. This power, when multiplied by 1.68 will give the peak power.
This factor (1.68) is derived from a formula relating to average to peak
power ratio and sync width. The use of this factor to determine peak
power is specified by the FCC.

When making these adjustments, vou will note the great effect that
changing the sync and black level has on the average power and peak
power. Therefore, while sync will be corrected throughout the day as
the need arises, black level should not be adjusted in normal operation.

The Aural Reflectometer. With load and wattmeter connected as for
the visual measurement and the visual transmitter turned off, you are
ready to check the aural reflectometer. Do not use any modulation, only
the carrier.

The wattmeter will be reading the power directly without any mult-
plying factors. Some confusion may occur because the transmitter is
delivering more power than is shown on the wattmeter. The filter-
plexer is designed for zero loss at the visual carrier, so some loss will
obtain at the aural carrier; since the wattmeter is connected behind the
filterplexer, this loss will be indicated. Each filterplexer has a checkout
sheet supplied with it which shows the losses on that unit on that chan-
nel. Deduct this filterplexer loss from the transmitter power output
indicated on the station license to find what final figure should appear
on the wattmeter. Adjust the reflectometer calibration control so that
the meter reads 100%.

Since there has been a relaxation of the rules, which permits the aural
power to be from 10% to 70% of the visual peak ERP, a little confusion
may occur that can be easily cleared up. Whatever percentage is used,
the license will specify the power in watts required of the transmitter,

Installing Tubes in Cavities

6161 Tube i IPA and Doubler. Insert the tube with a slight clockwise
motion until it is scated firmly in the cavity (Fig. 5-22). Continue the
clockwise motion and back the tube out of the seat by a [raction of an
inch. The contact springs in these cavities are spiral-shaped and tend
to compress to the side, all in one direction. The wbe fits tight. If it
1s forced straight in or in any other manner, the springs may jam up in
the grooves and it will be impossible to get the tube into the cavity.

Small blocks covered with a thin sheet of Teflon are positioned on
the bottom of the IPA and doubler cavitics. These blocks are placed
according to channel. If they are directly helow the tube on your chan-
nel, the lip of the tube may cut through the Tellon. If this happens, a
short circuit will occur, tripping the circuit breakers. Backing the titbe
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———_ INSERT WITH
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IPA CAVITY ~ CONTACT
Fig. 5-22.  Inserting the 6161 tetrode.

out a fraction of an inch will not affect its operation in any way and it
will be held firmly in place.

6181 PA Tube. This tube should also be inserted into the cavity with
a clockwise circular motion. Be sure that the fingered plate contact
spring has the fingers pointing toward the plate. If not, you may have
difhculty making power.

Be certain the wbe is all the way in the cavity. When locking it down
with the four clamps, do not nghten them so much that the stud breaks
oft, or the cavity will have to be disassembled. Do not leave any of these
clamps loose or r-f will cause burning and arcing.

General. 'The spring contacts in these cavities are not a complete loop
when you get them, but must be attached. Lightly solder the end spiral
of each together. Do not get solder on too many spirals or they will be
inflexible in the cavity and hamper tube insertion. Another satistactory
joining method is to overtap the two ends of a few spirals and twist them
together. This will bind them so that they will stay together in the cavity.

When you change a tube in a cavity, inspect the cavity’s insides with
a small mirror and a flashlight. Check for bad spring contacts or any
burning that mayv have taken place.

When taking a tube out of a cavity, use the same clockwise rotation
method. This will keep the springs tilted in the same direction.

4X150 Stages. 'The 4X150 stages are not cavities. However, because
of their frequencies, thev have unusual sockets that require special
tube handling. When inserting or taking one of these tubes out of its socket,
never lurn it in any direction. These tubes have an octal base arrangement
with base pins. Twisting the tube will damage the socket. It is particu-
larly difthcult to msert a tube in the second stage. A small mirror and
flashlight will be of assistance here to align the tube properly (Fig. 5-23).
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2ND 4X150 TUBE —=f = S
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& |
!

1ST 4X150 TUBE
Fig. 5-23. A4 dental mirrvor simplifies socket inspection.

The plate contact spring does not allow the tube to drop all the way into
the socket by itself, so the mirror should be used to see that the guide
pin and base pins are directly over the socket connections before they
are pressed into place.

After the tube is inserted, turn on the filament voltage and check with
the mirror from underneath to be certain the filaments have lighted up.
Most socket damage secms to occur at the filament contacts. Intermittent
contact will cause the output power to vary or drop off to nothing if the
tube goes out. If a socket has been damaged and vou can’t take the time
to correct it immediately, insert the tube and twist it slightly so that a
better contact is made. The plate contact spring will usually hold the
tube in the twisted position.

Matching Interstage Cables

Any couxial cable should be terminated in its characteristic impedance
so that the best transfer of power may be obtained with minimum VSWR
and less chance of damage to the cable.

When a mismatch is present between two of the cavities the driving
stage will be working into a reactive load, so any slight change in this
load will cause detuning. Once the driver starts to detune, heating and
cooling will cause it to detune further. Output power will drop off,
driver grid current may go off scale negative, plate current will rise,
and a hole may possibly be blown in the glass of the tube. Unstable
operation will be the order of the day.

IPA to PA. Use the micromatch instrument supplied with the trans-
mitter. The PA tube should be operated as a CW signal without clamp,
with black level control in a-c position, and no modulation. Under these
conditions, the 6181 plate current will be about 1 ampere and the re-
flectometer will read 60% (600 watts). Set the micromatch to read back
power.
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Keep the IPA drive low at the beginning, especially if the back power
is high because of a serious mismatch. Keep a sharp eye on this IPA
plate current and grid current. When the 1PA is driving hard under
this condition, vou can blow a hole in the glass with a few seconds of
overload.

The first step is adjustment of the PA cathode input coupling. Loosen
the cable clamp and adjust this by inserting or retracting the amount
necessary to show a definite minimum in back power reading. This must
be a dip, not just a reduction, because the drive will be changing also,
due 1o the changing load when you are moving the coupling. Lock the
coupling in place, then adjust both the PA cathode tuning knob and the
sliding capacitor at the bottom of the cathode cavity until the back power
is zero. Maintain the IPA plate current in resonance at all times and the
PA plate in resonance. Manipulate these adjustments until the back
power reads zero and the reflectometer reads 60%. After a little prac-
tice, vou will soon learn where these controls will normally operate
on your channel.

While the micromatch is still inserted, adjust the r-tf choke on the
filament circuit for minimum radiation, which can be indicated by a
neon bulb held against the choke. This r-f choke should never be ad-
justed very much unless the micromatch is in the circuit, because this
adjustment can upset the match, which has been set up previously.
Output coupling adjustments of the IPA will not affect the match in
any way, so it may be adjusted at any time.

Make certain that all connections are clamped tight, then take mask-
ing tape and tape the cathode tuning knob in place. This will prevent
someone from accidentally tuning this knob. The cathode tuning
should not be a daily operational tuning. It is quite difhcult to get this
tuned correctly without using the micromatch.

After the micromatch is taken out and the cables are restored to
nornial, adjust the IPA output coupling for zero grid current and
lowest plate current on the IPA stage, consistent with power output.

A word of caution about loose clamps. Since these adjustments are
made with power on, never loosen the clamp on any coupler so much
that a hrm metallic contact is broken. If this happens, you can get a
bad burn from the r-f energy that is present. Just loosen the clamp
enough to turn the coupler with a firm grip.

Other Stages. Matching cables between the other stages can use the
same techniques, except there are not as many adjustments to make.
Remember to read the back power and reduce this to zero. Actual
VSWR ratios are not so important that one needs to know the values.
To read the actual VSWR takes too much time and more operations to
calibrate and switch movements constantly on the micromatch. Work
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only with the back power; when this is zero, the VSWR will also be very
low. Check the forward power and record the reading for future refer-
ence. The power reading on this micromatch unit will usually be very
close in accuracy, and, if in doubt, the reading mav be checked with
a load and wattmeter.

Getting Multipliers on Correct Harmonic

The first three multipliers in both transmitters (excluding those in
the aural exciter) can operate on two different harmonics, depending
upon channel. A grid-dip meter is a valuable instrument when working
these stages.

If drive is lost for some reason, these stages can sometimes be tuned
10 a point where they will oscillate and the upper stages can tune this
oscillation up to 100% power reading. However, this will work only
until a tube blows (usually one of the 4X150 stages).

With the plate voltage off, check each stage so that it is approxi-
mately on frequency. Most grid-dip meters are not too accurate on dial
readings, because they may not have enough scale divisions, but they
will indicate when you are close enough. After plate voliage is applied,
tune each stage carefully, using the grid current reading of the next
stage each time for the maximum reading. If you must tune too far 1o
get a reading, you had better go back and recheck with the meter. The
grid current readings on these 4X150 stages hardly lift the needle oft
its resting place, so you must watch it closely.

It is customary to read the second 4X150 stage cathode current as a
normat daity tuning procedure for the earlier stages. However, when
you are having trouble in these stages, this procedure can get vou into
trouble and may blow a wube.

Some checks can be made as soon as power output from the trans-
mitter starts to read enough o work the monitors. On the aural side,
listen to the sound from the monitor speaker. I the transmitter is oscil-
lating, there will be raspy noises and the meter may be kicking up to
100% modulation. The frequency meter may be off-scale or erratic.
On the visual side, the frequency may be off-scale or erratic. In either
case, as a final check, cut out the crystal. The power should drop 10
zero. If 1t does not, the ransmitter is oscillating. Leave the crystal oft
only long enough to see if the power drops to zero. This should be
Instantaneous.

Another suggestion to assist in multiplier stage troubleshooting is
this: stick some strips of masking tape to the cabinet, directly to the
side of the grid and plate circuits of the multipliers. Write the fre-
quencies that are supposed to be read there on these tapes and, if the
grid-dip calibration is not accurate, include the indicated readings of the
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meter. This will save the time it takes to go back through the instruction
book tables and look up the information for vour channel when it is
necessary to use the grid-dip meter to see if the stages are tuned
correctly.

Changing Filament Taps

As the 6161 tubes age, they require more filament voltage to get the
required output. A filament rheostat is provided and a meter is placed
across the IPA hlament. Both tubes have individual transtormers, but
a single rheostat adjusts both at the same time.

It sometimes happens that a new tube is placed in the IPA when the
doubler has an old tube still working. The new tube should have the
filament voltage at minimum, but the older tube will need a higher
voltage. Raising the voltage to accommodate the old tube will also in-
crease it on the new tube. The consequent backheating of the cathode
due to r-f will shorten its life. Lowering the voltage 10 accommodate
the new tube may cut out the old tube, or all the other stages may have
to increase their drive. Such a dilemma can be solved without throwing
out the old tube.

Change the primary taps on cach of the 1PA and doubler hlament
transformers (Fig. 5-24). For the new IPA tube, set the tap on the
highest terminal available (this will lower the secondary voltage). For
the old tube in the doubler, set the tap for the lowest terminal avail-
able (this will raise the secondary voltage). Now the filament rheostat
may be adjusted for correct voltage on the 1PA filament meter and, at
the same time, the doubler voltage will be increased.

1 PAFIL.
DOUBLER FIL. oV AC
L—ij__ 6.3V AC
APPROX.
220 210 Y190 c 220 200 190 c
220V AC

Fig. 5-24.  Change the filament transformer primary taps to get corvect
voltage on your old doubler tube and new 1PA tube.
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If the tubes were reversed, reverse the procedure, and it both tubes
are old, set the taps so both get higher voltage. Many more hours of
service can be obtained from these 6161 tubes when operated this way,
but you will have to learn to accommodate them, for the heating and
cooling effects of r-f drive will cause the stage to be unstable unul the
right combination is reached.

Tube Heating and Cooling

Any large transmitting tube should be started up gradually and shut
down gradually. The larger the tube, the more expensive 1t 1s, and the
greater the care that should be given it. All tube manufacturers recom-
mend a slow start and slow shutdown.

A suggested rule to follow is this. At sign on adjust the master fila-
ment control tor half the normal voltage and operate for five minutes,
then adjust to normal voltage and operate for another five minutes be-
tore applying plate voltage. At sign off operate the tube with full normal
filament voltage, but without plate voltage for five mmutes, then at
half normal voltage for another hve minutes, and finallv for five minutes
with filament voltage off but blowers sull running. When it is necessary
to change a tube during the day, try to follow this procedure when
practical. There will be pressure to get back on the air, but ruining a
$1000 tube will not make a profit for any show.

Checking New Tubes

When vou buy new tubes, check them out at the first opporwunity
and be sure to keep records.

New 6181 tubes should be checked out in the visual PA amplifier.
The tube should not only make power easily, but it should have good
bandpass and good sync. You will have 10 go through the matching
process, run video sweep through it, and check linearity and phase
il you have equipment to do this. When the tube checks out to your
satisfaction, use it in the transmitter for several days or a week. If the
tube is not satisfactory for any reason, return it to the distributor and
get a new one.

Tube manufacturers do their best to see that only good tubes are
shipped out, but many things can happen betore vou receive it. It may
become gassy from sitting too long in a warehouse or it may have rough
handling in shipment. One such case should help demonstrate some of
the things that can happen. The author received a brand new 6181
tube. When the shipping carton was opened and the tube taken out, the
plate fins were all flattened on one side, just as though it had been
dropped on the Hloor. The shipping carton did not have a scratch on it
and the tube was packaged perfectly inside the carton. One can only
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come to the conclusion that a packer at the plant had dropped the tube
and, rather than sending it back to the reject pile, he must have pack-
aged it up and shipped it out. Needless to say, the tube was placed
right back in the carton and returned o the distributor.

6161 tubes should be checked in the doublers. This avoids the neces-
sity of rencutralizing the IPA. Ordinarily, if the tube will work in the
doubler, it will work as an IPA.

4X150 tubes should be tested in the first stage. Because of the dith-
culty of inserting a tube in the second stage, socket damage occurs
more often there. 1f the tube works in the first stage, it will usually
work in the second stage.

All of the preceding techniques are but a few of the many that will
be developed by the station engineer as he becomes accustomed to work-
ing with a particular make and model of uht transmitter and can only
be learned by working with one.

\ . . . 1
Transmitter Modifications

Changing Multipliers

There may be an occasion when a harmonic from one of the mult-
pliers is radiating and giving trouble. These radiations may not be severe
enough to give any problems in the neighborhood, but they may inter-
fere with a vhi station that you want to use as an off-air pickup rebroad-
cast source.

Trapping at the receiver may remedy this, but a more positive ap-
proach will be to change the mode of the multipliers so that a different
combination will occur. For example, if the first stage is a tripler fol-
lowed by a doubler, you can reverse this process so that the first stage
1s a doubler followed by a tripler. It the exciter output frequency in
the first arrangement is 28 mc, the output of the tripler will be 84 mc,
which is right in the middle of channel 6 video, and the output of the
doubler will be 168 mc. If vou wish to use a channel 6 as an off-air
pickup, this harmonic will cause all sorts of beat patterns that will make
it impossible to use a suitable on-the-air picture. By changing the mode
of the multipliers, the output of the first stage, which is doubling, will
be 56 mc, and the output of the following stage, which is tripling, will
be 168 mc. The output frequency of the multiplier chain is the same
as before, so the upper stages will work properly, but the beat pattern
from channel 6 video will be eliminated.

IThese modifications apply to the RCA TTU-1B transmitter.
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Doubling the Micas

Mica capacitors are expensive; continual puncturing with high voliage
can be a costly affair. If you are having trouble with blowing mica
capacitors because of high line voltage fluctuations, try doubling those
areas that scem to be the sore spots. This will not work on all channels
because the capacity will be too much, but try it first. The same is true
of the niica insulators.

Moving the 4X150 Screen Control

The screen grid voltage of the first 4X 150 stage is adjustable by a rheo-
stat mounted on the shelf inside the transmitter. This control is ordinar-
ily a set-up control, rather than an operational control. To adjust i,
the rear doors must be opened, which shuts off the high voltage because
o!f the interlocks.

Move this control so that it is mounted on the back panel between the
IPA or doubler and the PA cavity, with the shaft and knob protruding
out the front. If any undesirable coupling occurs, use shielded wire to
the control. The instruction book recommends that the screen voltage
on this stage should not be allowed to go over 240 volts. Adjust the volt-
age until it is 240 volts and mark the front of the cabinet. Now vou have
an operational control which is more effective than the cathode control
of the IPA stage for output power adjustment. The mark on the panel
will show the operator how far he can go. He should stay within this
range to prevent tube damage. A little experimentation will show that
there is more power output per milliampere plate current of the 1PA
than there is when using the “excitation” control normally provided.

Moving the Rectifiers

The serrasoid modulator-exciter in the aural is susceptible to noise
pickup. The high voltage rectifiers are mounted on the shelf directly
behind the modulator. Should they be giving you noise problems, the
rectifiers may be moved to the transformer compartment directly below.
This will also make it more convenient to work on the exciter. Add a
small shelf off the right-hand wall, directly below the tube positions,
and remount the tube sockets there. Make sure that all wiring is clear
and that exposed high voltage points on the upper shelf are insulated.

Changing Filament Taps

Because of backheating of cathodes from r-f, the filament voltages
must be run lower. The voltage can be increased as the tube ages; most
of the upper stages are equipped with controls to do this. Sometimes
the line voltage may be such that the voltage can’t be reduced as low as
you would wish. The PA, especially, should be run low.
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If all the primary taps are set for 190 volts, then the master ilament
control will have more room for adjustment.

Operating tubes at the lowest filament voltage that will still give satis-
factory output will lengthen their life considerably.

Holes in the R-F Box

The first time you have to dissassemble the second 4X150 socket
drill four holes, one above each of the assembly mounting screws, so
that a screwholding screwdriver may be inserted directly to the screws
(Fig. 5-25). This will speed up the assembly and disassembly consider-
ably and improve vour disposition.

SCREW-HOLDING ~ __ TOPOFBOX

SCREWDR IVER /
1ST 4X150 STAGE D) O O

! 4 o o0
fmm

[ ———
[ ] 4 HOLES IN BOX
==r PStrens
r—{ﬂ 2ND 4X150

STAGE SOCKET
|

ol

CONTROLS

|
TUNING
|

|

Fig. 5-25. Cut holes in the top of the r-f box (o ease socket disassembly
and assembly.

Transmitter Costs

For a 2-kiw Transmitter Installation

1 RCA TTU-2A, 2-kw uhf transmitter,complete . ........... $59,500
(includes rubes, crystals, video low-pass filter, tilterplexer,
harmonic filter, monitoring diode, etc.)

1 Hewlett-Packard model 335E, TV monior. .. ............ $ 2,700

I 1200 watt load and wattmeter. . . ... $ 1,210

Total $63,410

For a 10-kw Transmitter Installation

1 RCA TTU-104A, 10-kw uhf transmitter . . . . .. ... $149,500
(includes all cavities, tubes, crystals, filter plexu lnum()mc
filter, video low-pass filter, elc.)
1  Hewlett-Packard modael 335E, TV monitor . . ............ § 2,700
1 15-kw load and wattmeter. . ... .. .. ... $ 1,890

Total $1 54,090
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For a 30-kw Transmitter Installation

1

RCA TTU-30A, 30-kw uhf transmitter, complete. ....... $199,000
(includes tubes, filterplexer, harmonic filter, spare kly-
stron tube, etc.)

Hewlett-Packard model 335E, TV monitor. ... .......... $ 2,700
30-kw load and wattmeter

Total $203,700




Chapter 6

Transmission Lines

Basic Problems

Losses and Heating Effect

Losses and heating effects at uhf require that a better transmission line
be used than that in use for vhf. Most of the uht losses are caused by
leakage at the steatite insulators, by voltage standing wave ratios set up
between insulators, and by impedance discontinuity at elbows and
joints. (High VSWR, with its high voltage points, has been known to
burn steatite insulators to a charred cinder and melt ceramic insulators
as though they were wax candles.)

Teflon. Line referred to as teflon line in this chapter indicates that the
insulators between the inner and outer conductors are made of teflon,
as shown in Fig. 6-1. The rest of the line, although slightly different in
construction from standard vht line, is still copper pipe. TeHon is
basically an inert gas in solid form. It has a very low loss factor at uhf
frequencies, as it is almost electrically “transparent” to the r-f encrgy.

The Mitered Elbow. New clbows have been developed for uhf: the
90-degree and 45-degree mitered elbows, which are not at all like the
standard, curved vhf elbows. The differences between vht and uhf
elbows are illustrated in Fig. 6-2. These units ensure very good im-
pedance continuity and may be joined in different combinations, some
of which are shown in Fig. 6-3.

The Bullet. The need for improved impedance continuity at the
flanges and joints of the center conductors has resulted in a teflon-
insulated center connector, usually referred to as a bullet (Fig. 6-4). The
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Fig. 6-1.  The cut-away view of a teflon insulator in a coaxial trans-

massion lme. (RCA)

VHF CURVE UHF MITER
900 ELBOW 900 ELBOW

Fig. 6-2. Comparing the whf mitered elbow and the vhf curved elbow.

insulator maintains the correct distance between inner and outer con-

ductors where they cross the flanges. Any sagging that might occur,
especially when a section of line is shortened, is prevented.

Teflon Line

The teflon line is a very good uhf coaxial transmission line. Although
it can be used for vhi, it was designed primarily 1o meet the more strin-
gent demands of uhf. RCA manufactures an additional type of line,
Universal teflon line, which is designed for use on both vht and uhft. Its
cost is about $42 more than standard vhf line for each twentv-foot
section. Connections between sections of this line are secured with
clamps rather than bolts, as shown in Fig. 6-5. The teflon line is a stable,
tow loss, highly eflicient line that will give many years of reliable service.
While the cost is more than vhi regular line, it is less than waveguide.

Flexible Line

Heliax, a product of Andrew Corporation, is another reliable low-
loss uhtf coaxial line. It is a flexible line of one continuous length that is
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Fig. 6-3. The various mitered elbows and other fittings of standard
3-1/8-inch teflon line. (RCA)

TEFLON
~ INSULATOR

COPPER INNER
CONDUCTOR

Fig. 6-4. The center conductor anchor insulator for coaxial transmission
lines. This “bullet” interconnects two sections of rigid teflon line. The holes
in the insulator permil the circulation of gas.

made to cach customer’s requirements. Several outstanding fearures
make this line worth scrious consideration if it will meet your require-
ments. Sizes are available up to 5 inches in diameter.
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Fig. 6-5. Fittings and elbows of the Universal teflon iransmission line.
The flanges do not bolt together, but use a clamp arrangement. (RCA)

Fig. 6-6. Heliax cable: (A) 3-inch —notice the continuous msulator; (B)
5-inch, fitted with a standard 6-1/8-inch dicometer EIA flange. (Andrew
Corp.)
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Although cach size line is made somewhat differently, the 32%-inch
diameter heliax is representative of how this line is manufactured. It
has an outer conductor made of’ copper-clad steel and an inner con-
ductor made of high conductivity copper (Fig. 6-6). The insulating
material between the inner and outer conductors is a continuous heliax
made from low-loss polyethylene. A jacket of black polyethylene is
used on the outside of the cable to prevent corrosion and add abrasion
resistance.

When the customer orders the length of line required, the factory
makes up the complete line to suit his order. He will be sent a line of
one continuous length, without splices, that has an EIA flange on both
ends and is gassed before shipment. Ordinarily the gas used is dry air.
Should the customer desire ather gassing, such as nitrogen, this may be
changed after installation.

The main advantages of a continuous length of line are that there are
no flanges that can loosen and lose gas or develop impedance discon-
tinuity and there are no inner connectors that witl burn or corrode and
cause high VSWR. Since the line does not have to be assembled section
by section at the tower site, as is standard rigid line, greater control of
impedance can be obtained resulting in very low VSWR.

The flexibility of heliax permits making any bends desired without
elbows. For the 836 -inch diameter line, the minimum bend should not
be more than 36 inches. Such texibility will also make it easier 1o meet
the antenna feedpoint on any style tower. Expansion and contraction
are distributed along the whole line without any effect on VSWR. No
special hangers are required to mount the line, but special techniques
are used to install it.

Shipping continuous lengths of heliax, up o 500 feet, is standard.
For lengths over 500 feet, special arrangements are made between the
factory and customer. A 500-foot length of 328 -inch line will come on a
reet 96 in. X 42 in. and will weigh 800 pounds. It makes quite a package.

Line Selection

The type and size of line used will depend upon a number of factors
peculiar to your planned installation. Each installation must be planned
individualty !

Losses

Figures for losses are usually given in db, although some manufac-
turers also supply charts in their catalogs that give total loss figures in
! The Electronics Industries Association (E1A) has set up standard specilications so that

transmission lines and componerits of one manutacturer will fit together with the line
or components of another manufacturer, both electrically and physically.
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percent of power transmitted through the line for the total length of
line on your channel. Losses will increase as the channel numbers are
increased. A line with a certain loss on channel 18 will have a higher
loss when used on channel 69. This loss will change the effective radiated
power, because less power will be available at the antenna input terminals.

For example, assume that a 3}-inch, rigid teflon line is 1o be used.
For each 100 feet of line, the loss at channel 18 will be 0.24 db, or an
efficiency of 94.5%. The loss for this same line on channgl 69 will be
0.31 db, or an efliciency of 93%.

The diameter of the Ime will have a direct bearing on the loss factor.
A line with a larger diameter will have lower losses for a given channel
than will a smaller diameter line on the same channel. The cost of the
larger line will also be higher.

For example, using 1% -inch, rigid teflon line on channel 35, the loss
will be 0.51 db per 100 feet, or an efliciency of 89%. On the same
channel, but using the next larger line, 3 ¥ -inch, the loss will be 0.27 db
per 100 feet, or an efficiency of 93.9%.

The length of the line in feet will also affect the losses. The longer
lines lose more power. The line length should be considered in relation
to the tower and the tower height when locating the transmitter.

The loss and efficicncy figures given earlier are for 100-foot sections
of line. In most cases, a station will need more than 100 feet of line, so
the db losses must be added. The more the overall loss, the poorer the
overall efiiciency. The term efficiency, when used with a transmission
line, has the same meaning as when used with other devices: the ratio
of power output to power input given in percent. If you feed a given
power into a line that has no loss, you will obtain the same amount of
power at the output end of the line. Such lines don’t exist, because there
1s always some loss.

As previously indicated, a 3%6-inch line has a loss figure of 0.27 db
per 100 fect on channel 35. If a particular installation requires 600 feet
of this line, the total loss will be 6 X 0.27 db, or 1.62 db. This will give a
line efficiency of 70%; i.c., you will lose 30% of your power in the line.
If the transmitter power output is 1000 watts, only 700 watts would be
available at the end of the line that feeds the antenna. For an antenna
with a power gain of 25, the ERP, with a 1000 watt signal, will not be
25,000 watts because the line in this case is only 70% cfhcient, per-
mitting only 700 watts to reach the antenna. The ERP, power input
X antenna gain, will be only 17,500 watts.

Size
The transmitter power will determine to a large degree what diam-
eter size to use. Should a line of too small diameter be installed, say
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because of cost factors, in all probability trouble will develop or the line
will be damaged if too much power is fed into it. Such circumstances can
happen, especially if you start out with a low power transmitter but
later decide to operate on higher power. It is best to try and estimate
future needs and prepare for them when selecting transmission line,
so that the increase in transmitter power at a future date will not require
transmission line replacement.

The Andrew Corporation’s 1% -inch, rigid teflon line can safely
carry transmitter powers of 1 kw or less. However, the next step for
power increase in transmitters is to 10 kw, which would seriously
overload the smaller line. At least a 3% -inch line would be required.
Common practice is to use a much higher rated line than the bare
minimum. A larger line will offer less transmission loss. Also, line re-
pairs on the tower can be costly, both in men and materials, plus oft-the-
air time. Most stations prefer to invest in a more reliable line so that
essentially they can install it and forget it, or at least not constantly
worry about burning it up.

VSWR

Another factor to consider is VSWR. When an impedance mismatch
has occurred for any reason. VSWR will appear on the line and high
voltage points will develop. This voltage will be greater with higher
VSWR and transmitter powers. A high VSWR will also cause “ghosts”
to be transmitted in the picture or may affect color subcarriers.

Although most antennas and transmission lines can be intalled with
a very low VSWR, many factors may later increase VSWR. Ice forming
on the antenna will cause detuning and, consequently, a mismatch and
improperly terminated line. This can happen if the de-icers have failed
to operate. Line pressure may fall off, permitting moisture and water to
enter the line. Ice falling off the tower may cause large dents in the line,
especially on the horizontal run. Flange bolts may loosen or solder
joints may break at the flanges because of expansion and contraction.
These are just a few examples of ways in which VSWR is increased on
transmission lines.

Line Ratings

All transmission-line manufacturers’ catalogs give complete data on
their lines, including the loss factors and other data for all channels. A
few examples here will help illustrate the differences between lines.
The average power rating charts, as given in the manufacturer’s catalog,
are shown in Figs. 6-7 and 6-8.
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Rigid, Teflon Line — Channel 35

1 % inch, 50 ohms impedance, 0.51 db/100 feet, average power —5.8 kw
318 inch, 50 ohms impedance, 0.27 db/100 feet, average power — 19 kw
616 inch, 50 ohms impedance, 0.14 db/100 tect, average power —66 kw

Flexible, Heliax — Channel 35

1 3 inch, 50 ohms impedance, 0.58 db/100 feet, average power —4.2 kw
3 1% inch, 50 ohms impedance. 0.42 db/100 feet, average power— 11 kw
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Fig. 6-7. Average power ratings for standard rigid lines. (Andrew Corp.)

Power ratings are based on unity voltage standing wave ratios; i.e.,
a pertect termination on the end of the line. Any VSWR will lower this
figure somewhat. Loss figures are for each 100 feet of line. I'or cach
100 feer and fractions, add the db loss figures to get the total loss for
the length of line used.
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Fig. 6-8. Average power ratings for 50 olm heliax. (Andrew Corp.)

Line Handling

Coaxial line used on uhf requires special handling so that the finished
instaltation will have a very low VSWR. Here are some things to consider.

Carefully supervise the installation of the line on the tower. Un-
fortunately, many average steeplejacks cannot understand that coaxial
transmission line must be handled with utmost care. To some of them,
it is merely copper pipe. Often, when individual sections are being
hauled up the tower, they will begin to swing, due to wind or improper
handling of the “donkev engine,” and the line scction may swing into
the tower. If this happens, that section of line should be lowered to the
ground and carefully inspected tor dents and damage at the Hlanges.
Small dents will increase the VSWR, and large dents will not only change
the characteristic impedance, but will decrease the distance between
inner and outer conductors with possible voltage Hlashovers resulting.
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The steeplejack should also be impressed with the importance of
careful handling of the inner connector, or bullet, the “O” rings, and
the bolts at the flanges. A split bullet (Fig. 6-9) will cause serious im-
pedance discontinuity, resulting in high VSWR. Some types of line have
a small fiber piece in the end of the bullet. Its purpose is to prevent the
inner conductor from splitting the bullet. Don’t take this fiber piece out;
install it with the bullet.

TEFLON CENTER
INSULATOR CONNECTOR

T /SPUT

|/

COAX LINE COAX LINE
INNER CONDUCTOR INNER CONDUCTOR

Fig. 6-9. If the inner conductor splits the cenier comneclor, a serious
umpedance discontinuity will develop.

The “O” ring is a gasket and must be seated properly to give a good,
airtight seal. A pinched “O” ring will not seat properly and will cause
a leak that will incur loss of pressure in the lines. With such a leak, if a
dry air pump is used, the pump will run continuously trying to maintain
pressure and will burn itselt out. A good way to insure proper seating
of the gasket is to dab some silicone grease on the gasket. This will make
it adhere to the flange until both flanges are pressed together. The sili-
cone grease will not affect the rubber “O” ring.

Loose bolts will cause a pressure leak and poor clectrical contact
between flanges. Should nitrogen be used to gas the lines, a leak can be
expensive because of the amount of gas that is wasted.

Cutting Line

It is often necessary to cut a section of line to make it fit some special
application. This should be done carefully. Mark off the line where the
cut is to be made, taking into consideration the space taken up by the
flange. Whenever possible, try to arrange the run so that the cut will fall
between insulators. A little careful planning will often make this possible.
To make a perfect circular cut, take a small piece of heavy paper with
a straight edge and wrap it around the outer conductor, as in Fig. 6-10.
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ALIGN

OVERLAP EDGES

PAPER \

[i—— COAX LINE
TO BE CUT

DRAW LINE FOR THE
CUT ALONG THIS EDGE

Fig. 6-10. Mark coax line with a piece of paper as your guide in order
i ensure a perfect circular cut.

Wrap it far enough so that the edges overlap. Line these overlapped
edges with themselves, then draw a pencil line all the way around the
outer conductor. When cutting, follow the pencil line as a guide and
cut only one side of the pipe at a ime. Do not try to cut straight across
and all the way through. Keep the end to be cut stanted at an angle, so
that filings will not fall inside the line.

FLANGE FLANGE

Fig. 6-11. A crescent wrench will dent the line (A); a box wrench will
not (B).

When using a wrench on the bolts at the flanges, use a thin box wrench.
Crescent and similar type wrenches are too large and will put dents in
the line (Fig. 6-11). Be careful not to move the wrench too far so the
handle dents the line. Remember that dents mean increased VSWR.

There will be times when sections of line will have to lie exposed on
the Hoor or on the ground, especially when they are to be cut or hauled
up the tower. Take extra precautions at these times so that no damage
occurs to the line {from something falling on it or someone walking on it.
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Planning the Installation

Careful planning of the line stallation can save money, make re-
pairs easier, and ensure low VSWR.

Antenna Connection

Depending upon the diameter of line vou have selected, it may be
necessary to use a reducer or increaser to fit the line to feed line inside
the antenna. The antenna manufacturer supplies these connections but
vou must specity what size you need.

Tower Design

The feed line drops straight down from the bottom of the antenna.
Much will depend upon the styvle of tower at this point. If the tower is
short and narrow, it will be necessary to bring the transmission line
outside and then down the tower. Self-supporting and tall towers are
usually wider at this point, so the line will run down the inside of the
tower. In both cases, you can’t drop straight down from the antenna,
because mounting would be too much of a problem. Therefore, two
90-degree elbows will be necessary to direct the line to the side of the
tower as in Fig. 6-12A. If the tower has a wide taper coming down, as

= ANTENNA i
//\

=g | |

ANTENNA
FEED POINT
T

/

TWO 450 ELBOWS
OR COMBINATION

I~ TWO 90° ELBOWS

‘\ -

TRANSMISSION
LINE

-~

(A) (B)

Fig. 6-12. (4) On « linear tower connecl the (ransmission line lo the
antenna with two 90-degree elbows. (B) On a tapered lower connect the
transmission {ine to the antenna with a combination of 45-degree or 90- and
45-degree elbows.
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in Fig. 6-12B, an angle other than 90 degrees will probably be necessary
to direct the line o the correct wper. This will usually necessitate a
combination of 90- and 45-degree elhows.

Contraction and Expansion

Here is something vou just cannot prevent, unless you can control
the weather. This is a property of copper allected by temperature
change. A long run of line will move a considerable distance with ex-
treme temperature changes and can develop tremendous pressures.
Allowances must be made for this movement or trouble will develop.

Hangers and Clam ps

Spring hangers have been designed that support the line and allow
longitudinal movement. Thev will restrain the line to hold it in place
after a definite amount of displacement has occurred. The hangers arc

(A) - (C)

Fig. 6-13. (A) A spring hanger: (B) A rigid clamp 1o anchor the line al
the top of the tower; (C) A grounding clamp. used whewn the line 1s insulaled
and some sections ave to be grounded. (Andrew Corp.)
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circular clamps that attach to the Ime and are connected with springs
to a clamp on the tower. These spring hangers are used for the vertical
run of line on the tower. One type is shown in Fig. 6-13A,

A rigid clamp is also available (Fig. 6-13B). One or two of these are
mmstalled at the wp of the line next to the antenna connection. The
antenna makes its own provision for contraction and expansion, so the
transmission line is anchored at the antenna fteed point.

Use spring hangers every 10 feet down the length of the tower, at
least on the 32%-inch line. The springs are designed to carry 10 feet of
line. If the tower is also a broadcast antenna, insulated hangers mayv be
obtained so that the line can be isolated from the radio antenna. One
such hanger is shown in  Fig. 6-13C.

At the bottom of the tower use a 90-degree clbow, or another angle
if the tower slopes, so the vertical run will match up with the horizontal
run. Do not rigidly mount the line at the bottom of the tower. Different
types ol braces are used there and on the horizontal run (Fig. 6-14). The
horizontal run must be permitted to expand and contract. For this
purpose, use either a roller or slide-through type supporter. The move-
ment of the line can damage equipment inside the building unless 1t
1s securely anchored at the building entrance. Use a special, rigid build-
ing clamp and entrance at this point, as shown in Fig. 6-15.

z

(B)

Fig. 6-14. (A) A lateral brace, used at the bottom of the tower to allow
movement of the line with temperature changes; (B) A horizontal brace, used
to suspend the horizontal run. (Andrew Corp.)

The line is anchored at both ends of the run. Movement of the hori-
zontal run will cause the vertical run to give and movement of the
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Fig. 6-15.  The horizomtal anchor and building entrance. This rigudly
anchors the horizonial run at the building. (Andrew Corp.)

vertical run will cause the horizontal run to give. Thus, most ot the
movement ends up at the tower base, which is why the hine should not be
anchored rigidly there.

Gassing

Either dry air or nitrogen should be used 1o gas the line. High pressure
1s not needed, unless the transmitter power is working close to the
maximum line power rating. Higher gas pressures and/or the use of
different gases (such as sulfurhexaflouride, which has a high dielectric
strength) will increase the peak power rating of the line. Voltage flash-
overs are caused by poor insulation between the two conductors. Thus,
moisture will reduce the resistance of the gas or air. The average power
rating of the line is dependent upon the teflon or other type insulators
and how much heating they can stand from the r-f energy before break-
ing down. As long as there is higher pressure inside the line, any leak
that develops will cause the inside air to flow outwards. When the line is
ungassed or all the pressure is gone because of a leak, changes of out-
side temperature and heating ol the copper by the sun will cause the
line to “breathe.” This happens when the inside pressure becomes
lower than the outside pressures and outside air flows into the line,
bringing moisture, water, and dirt (and trouble) with it.
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Gas Blocks

Gas blocks are devices placed in the line that will permit line con-
tinuity but will not allow the gas to pass within the line (Fig. 6-16). Each
block has provisions for attaching a copper input air line, exhaust plugs,
or pressure gauges. Gas blocks should be used at different locations in
the line so that it will not be necessary to empty the entire line if a section
of it has to be opened.

Use a gas block at the beginning of the horizontal run, at both ends
at the tower basc, and at the top of the vertical run, at least. At the
bottom of the tower, use a small copper tube to bypass the gas block so
that the dry air pump or nitrogen tank may gas the entire line from in-
side the building and thus keep the whole line pressurized. Insert a
small shut-olf valve in this copper bypass tube, so that either section of
the line may be shut-off. It is easier to detect which line section is leaking
if sections can be shut off.

The Dry Air Pump

Dry air pumps are available that use a small compressor to pump the
line up to desired pressure and have an automatic pressure switch that
will maintain the pressure selected. When line pressure drops for any

Fig. 6-16. A gas block or barrier for 3-1/8-inch couxial tine.
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reason, the pump will start up and run until pressure is back to normal
and then will shut off. The air is filtered through a silica-gel material
that absorbs the moisture in the air. When this material reaches a satura-
tion point, the pump will automatically switch into a drying mode and
will heat and dry the motsture from the silica-gel. It will not pump into
the line during this operation. A drain pipe must be provided to remove
the water that is taken out of the silica-gel, or it will be discharged onto
the floor.

Gas Supply

Tanks of nitrogen are commonly used as a gas supply. Cylinders of
nitrogen are compressed at very high pressures and cannot be fed di-
rectly into the transmission line. A regulator is needed to control the
flow into the line. Once the regulator is set to desired line pressure, it
will shut off the flow of gas when this pressure is reached. The tank need
not be shut off, since the regulator will keep it shut oftf unless pressure
drops in the line. In which case, the regulator will allow enough gas to
flow until the pressure is back to the preset level.

When ordering nitrogen, be sure to specity oil-pumped dry nitrogen.
There is also available a water-pumped nitrogen, but the moisture con-
tent is too high for this application.

There have been a tew cases, cither because of faulty valves or some-
one tampering with the valves, where a new tank of nitrogen has been
delivered that is only partially full. You can easily check on this by
mounting the regulators, which also show how much pressure is in the
tank.

Each gas tank has a color-coded cap and a stripe of the same color
around the top of the tank. The name of the gas should also be printed
on the side of the tank. One unfortunate station operator did not
observe that the wrong gas had been delivered to him, and pumped
neon gas into the transmission line. You can imagine the mess this made
and how the transmitter behaved.

After the installation is completed, pressurize it and then bleed it
from the top at the antenna point. This will exhaust all the old moist
air. Refill it with dry air or gas.

Protecting the Line

In sections of the country where icing is experienced, damage to the
horizontal run from falling ice is an ever-present hazard. When ice
starts to melt ofl the antenna and tower, it will come off in sheets, some-
times in heavy pieces that are two or three feet long. Pieces of this size
can do a lot of damage, especilly because of the heights from which they
fall. In such circumstances, it is important that the hine be adequately
protected.
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The best protection is a wooden roof, reinforced with steel, built over
the horizontal run (Fig. 6-17). It will shelter the line from falling ice as
well as from tools or objects dropped by workmen on the tower.

Other damage can also happen to the horizontal run, especially if it
is near the ground. Sources of damage from this quarter would be
tractors, mowers, or just plain vandalism. Fencing to keep unwanted
personnel away trom the line and tower, plus crushed rock to keep
down grass and weeds, will be well worth the additional expense.

Fig. 6-17. A protection shelter for a horizontal run of transmisston line.
(WLBC-TV, Muncie, Indiana)

The polyethylene coated heliax line may be buried in the ground safely.
This will eliminate most of the line hazards. However, care must be
taken that no one digs into the cable or runs a plow through it. The
author has always preferred to have the line out of the ground, where
it is accessible when work is needed or testing is required.

The considerations above pertain to a rigid line system. When using
heliax, most of these precautions are not necessary, because many of
the problems don’t exist for heliax. Although the flexible line requires
a somewhat different installation technique and different hanging, it is
not a very dithcult procedure.
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Waveguide

Many stations use waveguide (Figs. 6-18 and 6-19) instead of coaxial
line. The power ratings are considerably higher and the losses are con-
siderably less than coax. For example, Andrew #1500 waveguide,
designed for 470-750 mc, has an average power rating of 425 kilo-
watts and the loss figure 1s 0.055 db/100 foot line section. The cost is
much higher than coaxial line.

(B)

Fig. 6-18.  (A4) WR-1500 waveguide section. () 90-degree bend of wave-
guide. (Andrew Corp.) -




146 PLANNING THE LOCAL UHF-TV STATION

Most waveguide systems must be tailor made for ecach installation.
The manufacturer will assist in designing the system and working up a
cost higure for the package. Small uhf stations will seldom use a wave-
guide system. Coaxial lines will be completely satstaciory in these
installations.

Fig. 6-19. A4 (ransition from waveguide to rigid transmission line.
(Andrew Corp.)

Cost Estimates and Examples

Individual station requirements will vary. However, an example of a
hypothetical installation will illustrate several points discussed in this
chapter and help you arrive at a cost estimate for your own systemn.

In this example, the ower is linear, guyed, and 400 teet tall. The
transmitter is located 40 feet from the tower basc. The transmitter has
a peak visual power output of 1 kw. The line figures have not been
derated for VSWR. (A high VSWR will reduce these figures.) The trans-
mitter is on channel 35.

1. Using Andrew 134-inch Heliax

Loss on 440 feet of line will be 0.58 db X 4.4, or 2.55 db, for a4 line
efhciency of 57%. Only 570 watts will be available to the antenna; almost
half of the transmitter power is lost. Average power rating for this line

is 4.2 kw.
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Materials needed:

440 feet, 1 %-inch heliax, H7-50 @ $3.00/ft.

plus $16.00 for lange mounting . . ... ... ..o Lo
#24312 hoisting kit and top hanger .. ......... .. .. ...
#24811 ground clamp . . ..@$3.00 . .......... ... . ... ..
#12395-1 stainless steel \Arup—l,ock .. @81250 ...
#3901 horizontal anchor, building entrance .. ......... ...
#77R EIA flanges

N o 00—

Total
2. Using Andrew #561,13-inch Rigid, Teflon Line

147
$1,336
$ 12
$ 24
$ 50
$ 25
$ 80
$1,527

Loss on 440 feet of line on channel 35 will be 0.51 db X 4.4, or 2.94
db, for a line efhciency of 60%. This would permit 600 watts to reach

the antenna. Average power rating is 5.8 kw.
Material needed:

440 feet, (22 sections, each 20" long, with flanges and

1ner connectors) . .. ... @5%80.00/section . ... ... L.
3 #1061 90-degree elbows . ... ... @ $36.00 . .........
8  #14379 spring hangers . ...... .. @ S12.00. ..., ...
55 #13550 clamnps . ............... @ %400 . ... ... ...
2 #13924 rigid hangers . .. ... .. .. @ $8.00 ....... ...
40 #14378 sliding hangers . . . . . . .. @ $6.00 ... . ... ..
1 #3921 lateral brace .
4 #3911 horizontal h: mgers ..... @ $I‘) 00
1 #3901 horizontal brace, building entrance ........... ..
4 #1261bgasbarriers............ @$40.00. ... ... .. ..

Total

3. Using Andrew H2-50, 314-inch Heliax

$2 th

Loss on 440 feet of line on channel 35 will be 0.45 X 4.4, or 1.8 db,
for a line efficiency of 63%. This will permit 630 watts to reach the

antenna. Average power rating is 11 kw.

Material needed:
440 feet, H2-50, 3 3% -inch heliax

@ $9.00/1oot, plus $20.00 for Hange mounlin(gr
I #23146 hoisting kit and top hanger .
1 #3902 horizontal hanger and building entrance . . . . . ..
88 #22417 hangers............... @ $16.00 .
3 #23145 grounding kits ... ... ... @ $25.00. . .. ... ..
2 #22R EIA flanges ... ...

Total

4. Using Andrew #5624, 34-inch Rigid, Teflon Line

$3.980
$ 25
$ 30
$1,408
$ 75
$ 200
$5,718

Loss of 440 feet of line on channel 35 will be 0.42 db X 4.4, or 1.8 db,
db, for a line efficiency of 76%. This will permit 760 watts to reach the

antenna. Average power rating is 19 kw.
§ £
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Material needed:

440 feet, Andrew #562A (22 sections, each 20 feet long, with

flange connector) . ... ......... ... @ $130/section . . . . $2,860
3 #1602 90-degree elbows ... ... @ %60.00 . . . ... ... $ 180
4 #1262A gas barriers . . ..., ..., @ %70.00.......... $ 280
2 #13927 rigid hangers . . ...... .. @ $1250.......... $ 25
40 #13925 spring hangers . ... ... .. @ $15.00.......... $ 600
1 #3922 lateralbrace ....... ... ... . . .. ...l $ 12
4 #3912 horizontal hanger . ... .. @ 812.00.......... $ 48
47 #13550 clamps .. ... ... @$ 400. ... ... ... $ 188
1 #3902 horizontal anchor and building entrance . . . . . .. $ 30

Total $4,223

In any of the line installations, you will need some method of gassing
the line and maintaining pressure. Either of two methods may be used.

Andrew #1910A automatic dehydrator ...... ... ... .. $ 450
Andrew #858 nitrogen tank fittings and gauges . . ... ... ... $ 48

If you wish to use nitrogen, this gas is purchased locally through a
welding supply or bottled-gas supply house. The Andrew automatic
dehydrator supplies dry air under pressure to the line.



Chapter 7
The UHF Antenna

General Characteristics

The length of a dipole antenna at uhf frequencies will be quite small
in comparison to lower frequency antennas, such as those used in
AM radio, FM radio, and high-band vhf television. For example, a half
wave dipole in each of the following bands will have the approximate
dimensions shown, which in each case were chosen for a mid-band
channel. (The general formula used is length in feet equals 468 divided
by frequency in megacycles.)

AM, 1000 kc—468 feet long

FM, 100 mc—4.68 feet long
vihf channel 10, 192 mc—2.43 feet long
uhfchannel 35. 600 mc— 9.3 inches long

This small physical size of uhf antennas presents some disadvantages
in power handling capability. In a recciving antenna, the small size does
not provide an arca large enough to intercept or collect much of the
signal. There are, however, advantages which lend themselves well to
techniques and methods that are not possible on lower frequency
antennas.

The first advantages are weight and compactniess. The large reduc-
tion in weight puts less demand on the tower. The small size permits
many dipoles to be stacked in a smaller space with a considerable in-
crease in power gain. Directionalizing and pattern shaping is much
simpler, because many different arrangements are possible.

Even though the amount of power that can be fed to single dipoles
is limited, high power can be distributed to many dipoles in the array.

149
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With the increased gain available from stacking, more power is radiated
from the array than from a single dipole on a lower channel with the
same power input.

Antenna Types

There are at least five diflerent types of uht transmitting artennas

on the market: slotted, helical, zig-zag, and two imported models, one
a variation of the slotted and the other a stacked, physical dipole.

The Slotted Antenna

The slotted antenna (Fig. 7-1) is a large diameter cylinder with a
single feedline running up the inside center, so that the assembly is
a very large coaxial transmission line. Slots of the correct dimension
are cut in the outside cylinder, much as a window is cut in the side of a
building. Proper dimensioning permits these slots to radiate as an
antenna. Coupling r-f energy from the center feedline to the antenna
slot is accomplished by either a loop or a bar.

The Helical Antenna

The helical antenna (Fig. 7-2) is a wire spiraled about a mounting
pole, from which it is insulated. The wire is the radiating element, and,
since any supporting structure will atfect the pattern, the mounting pole
is considered in the antenna design.

The Zig-Zag Antenna

The zig-zag antenna (Fig. 7-3) is a wire formed in a zig-zag shape,
mounted on a panel and insulated from it. Again, the wire is the radiat-
ing element and the panel is for supportand is considered in the design.
The antenna works on the wraveling-wave principle.

All of these different models are good antennas. Some will prove more
advantageous or meet a station’s requirements better than others. For
example, because of coverage requirements and an already owned
radio tower, you may desire to sidemount a zig-zag. The pylon may be
too heavy tor the tower to support. Thus, selection of an antenna will
usually be based on cost, what is on hand, and what is needed. Each
choice will be a custom stallation.

Antenna Terminology

When reading articles in magarzines or specification sheets in catalogs,
you will encounter many terms which need some explanation. A few of
the more common terms are explained here.
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Fig. 7-1. Tre RCA slotted antenna. (RCA)

Aperture. This refers to the overall length of the radiating surface of
the dipole or he entire length of a stacked array, which is the more
usual case. This does not inchude the part of the antenna array that is
used for mounting beacons or bottom mounting plates. If you picture
the antenna as a window in z building and the r-f energy as sunlight,
you can see that a short window (antenna) will have a smaller aperture
and will let ip less light or energy, while a longer window will permit
the entrance of more light or energy.



The General Electric uhf helical antenna. (GE)

Fig. 7-2.
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Fig. 7-3. A close-up view of the zig-zag antenna. (GE)

Power Gain. Earlier in this chapter it was indicated that stacking
dipoles permits each to contribute to the radiated energy. In such an
array, cach radiating element, while contributing to the overall energy,
will add or subtract from its neighbors, depending upon phasing. Also,
the energy normally radiated towards the ends of a single dipole is now
compressed more and more into a narrow lobe radiating off the side of
the array. However, energy radiated from the dipole ends is of litle
use in uhf transmission because these waves hit the ionosphere and are
lost. They are not bent back or retlected, as are lower frequency waves.
Those waves that would shoot off the antenna towards the ground are
not oo useful either, because no receiving set needs such high power
directed at it from a nearby antenna. Therefore, the compression of
these ordinarily wasted energies into the main lobe adds to the radia-
tion strength of the stack. This increase in strength is power gain. The
power gain fgure is used as a multiplying factor. Specification sheets
will show the nominal power gain figure for an antenna which represents
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power gain before the beam is altered (i.e., by directionalizing or beam
tilt).

Bay. A bay is a single radiating element or layer of a stacked antenna
array. A single dipole is a single bay, since it can be operated by itself
as a complete antenna when used separately. If more than one dipole is
around a pole on the same level as this dipole and properly phased to it,
all the elements would be a layer and would function as a single bay.

Side-fire. Side-fire radiation indicates that the radiated energy leaves
anantenna array at right angles to the physical placement of the antenna.
Because TV antennas are mounted vertically on a tower, the r-f energy
radiates in the maximum direction toward the horizon, rather than to
the sky. The helical and the zig-zag antennas make use of the long wire
principle in their individual elements of the antenna: normal radiation
from a wire that is several wavelengths longer than the r-f energy it is
to radiate will radiate maximum energy ofl’ the ends of the wire in the
direction the wire is pointing. Through proper phasing and design, the
energy radiated from the zig-zag and helix antennas does exactly the
opposite; it shoots off the side of the array, which is what is desired for
television use.

Effective Radiated Power. The product of the antenna power gain
figure times the power input to the antenna gives the effective radiated
power (ERP). A single dipole will have a gain of one— power fed to it
will also be the effective radiated power; e.g., a single dipole fed with
I kw of r-f power will have an ERP of 1 kw. If several dipoles are stacked
so that the array has a power gain of 25 and 1 kw r-f power is fed 1o it,
the ERP will be 25 kw. Power gain’is also given in decibels and may be
determined by the use of decibels rather than by straight multiplication.
You will also find field strength measurements given in both microvolts
and dbu.

Electrical Beam Tilt. The major lobe of radiated energy from a non-
directional antenna will be distributed equally around the antenna,
much like a Hattened doughnut or tire on a wheel. By proper phasing
of the energy to individual radiators, the energy can be raised or lowered
a few degrees from its normal path, much as an umbrella is raised or
lowered. This will tilt the tobe equally on all sides of the antenna (Fig.
7-4).

Mechanical Beam Tili. The beam is altered by tilting the antenna. This
type of beam tilting will lower the major lobe on one side and raise it
an equal amount on the opposite side (Fig. 7-5). (Both types of beam
tilting, mechunical and electrical, are used for null fill-in, pattern shap-
ing, and directionalizing.)

Drurectionalizing. 'The radiating clements of an array are so stacked,
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ELECTRICAL CENTER
OF ANTENNA DASHED LINE WOULD BE
NORMAL MAXIMUM
LOBE DIRECTION

TOWER—" )
X MAXIMUM LOBES NOW
AIMED BELOW
HORIZON

Fig. 7-4.  The vertical pattern can be altered by use of electrical beam tilt.
The pattern is raised or lowered like an umbrella.
ELECTRICAL

ANTENNA
CENTER

DASHED LINE NORMAL
MAXIMUM LOBE DIRECTION

SHIMS ADDED UNDER
BASE OF ANTENNA

Fig. 7-5. Using mechanical beam (ilt, the pattern is raised on one side
and lowered on the other.

adjusted, and phased that power is increased or decreased in various
directions to suit the station requirements. The same function in radio
is supplied by directional antenna systems, where other stations on the
same channel must be protected from interference. However, directional
antennasused in TV work have othter purposes. Because of site locations,
a station will try to get the best possible use of its signal by directing it
where it will do the most good. For example, if the antenna is located
on the seacoast or at the edge of the Great Lakes, half’ of the signal
would be wasted over these bodies of water. By redirecting this energy,
more power will be available to provide a more solid coverage in the
desired area. The nominal gain figure becomes revised upward when
directionalizing is used, at least in the direction of the major lobe.
Directionalizing is a simple matier with uhf antennas.
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Horizontal Pattern. This is a term for the radiated energy coming ofl
the antenna. A simplified example may help to clarity the ditlerence
between this and vertical pattern.

First, assume vou can see the r-t energy raciated trom the antenna.
Then, if vou take a ride in a helicopter and hover directly above the
antenna, looking down and off 1o the horizon on all sides, vou will sce
the radiated energy imacircular pattern (if it is a nondirectional antenna).
This is the horizontal pattern (Fig. 7-6). It will look much like a large
flattened doughnut; when vou look down directly at the top ot the
antenna, you will be looking at the hole in the doughnut.

NORTH

+ 7 TR T

Pon,

EAST

SOUTH

Fig. 7-6. A pictorial representation of the horizontal pattern.

Vertical Pattern. Contmuing  the simplified analogv used for the
horizontal pattern, assume that the helicoper now thes some distance
from the antenna and lands on a small hill so that you are on a level
with the electrical center of the antenna. It the doughnut were now
sliced in two, you could see a silhouette of the energy trom the ground
to the sky, which 1s the vertical patern (Fig. 7-7).

Azimuth and Elevation. Some discussions on antenna theory, especially
in regard to directional antennas and contoured patterns, will use these
two terms mstead of horizontal and vertical patterns. Azimuth is the
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ANTENNA

=~ ———
TOWER TOWARDS
HOR1ZON

Fig. 7-7. A pictorial vepresentation of the vertwal patiern.

horizontal pattern in a particular direction, such as azimuth readings
on a compass would indicate. Elevation is the vertical pattern Ina particu-
lar direction. These terms are more specific than horizontal and vertical
pattern.

Feedpoint. This term may mean the point where the transmission line
feeds energv to the antenna array or where the individual dipoles
obtain their energy from the main feeder. All uht antenna arrays have
only one feedpoint from the station transmission line. Both aural and
visual outputs are combined with a special device at the transmitter and
both are fed on the same transmission line to the antenna. T'hus, only
one line is required up the tower. There are no separate radiators for
the aural and the visual.

De-lcing. 1t is necessary to keep ice from forming on the antenna or
to melt it off after it has formed. While different models of antennas use
different methods, the basic means is a 60-cycle current and some
heating device 1o melt the ice.

Most antennas are not aflected by a small amount of ice, but heavy
icing will detune the antenna, which causes a mismatch to the line. Such
a mismatch will cause high standing waves 1o appear on the trans-
mission line. A high power transmitter can damage tubes, the line, or
the antenna, itsel, when high standing waves are present. Also, ghosts
or multipte images will be transmitted in the picture.

Using the Charts

Anrenna specification sheets o discussions of uht antennas often
use special charts and formulas,to help describe the performance ex-
pected of a particular antenna, especially in regard to radiated patterns.




158 PLANNING THE LOCAL UHF-TV STATION

Generally, the correct antenna and the patterns necessary to provide
the best coverage for the station will be determined by the factory engi-
neers and the station consulting engineers. However, after the antenna
is installed and in operation, the station engineer may receive complaints
of poor signal from some viewers who are close enough to the antenna
to sce it. Of course, there may be several reasons for this, such as a set
working poorly or an improperly installed receiving antenna, but it
could also be that there are holes in the coverage arca.

Some understanding of the charts and other specification informa-
tion will prove helptul to the station engineer when he finds himself in
such a position. It may be difficult to explain why the set owner can’t geta
good signal when he only lives a short distance from the antenna and is
located in a null or weak signal spot.

DIPOLE

Fig. 7-8. The field pattern around a single dipole antenna is round and
symmetrical.

First, consider the vertical pattern radiated from a dipole antenna.
From the side, it looks like the cross-sectional view of a doughnut; nice
full circles of radiated energy (Fig. 7-8). Of course, at uhf much of this
signal will be wasted because it radiates where it will serve no useful
purpose. As several dipoles are stacked, this wasted cnergy is directed
into the main useful directions and added energy increases signal
strength. But this flattens out the doughnut so that the pattern shows
elongated lobes instead of circles with smaller lobes clustering around
the center (Fig. 7-9). As the stacking continues, this process continues
so that the main lobes become very narrow. (You will find these described
as lobes, beams, or rays; for practical purposes, these terms are syn-
onymous.)
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SMALL

SECONDARY
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STACKED D1-POLES

Fig. 7-9.  Stacking dipoles allers the vertical pattern. It is flatiened tnio
a disc with small lobes appearing near the antenna, increasing signal
strength in the main lobes.

Charts of vertical patterns show the lobes in only one direction for
clarity. For a nondirectional antenna, they are equal and in a circle
around the antenna. Directional antennas will have various shaped
patterns in different directions.

Generally, the chart of the vertical pattern has degree markings at
the bottom and relative field strength notations on the left-hand side.
The curve shows the maximum signal pointing towards the top of the
page. You can get an approximate idea of what this pattern looks like
by turning the page so that the degree markings appear on the leftside
and relative field strength readings are at the top of the chart. The curve
will then go across the page from the left, which would be antenna lo-
cation, to the right, which would be the horizon. Remember that this
is only an approximate visualization, because the earth is not straight,
as are the lines of a chart.

The pointed nose of the curve is the maximum signal lobe from the
antenna to the horizon on a direct line. This would shoot right over the
horizon and be lost. This lobe narrows as the stacking is increased. The
lobe or beam width is measured in degrees at the points where the
relative field strength drops 3 db down from maximum (at approxi-
mately 70% of maximum). Very high gain antennas have very narrow
lobes. For example, the RCA TFU-52H, with a power gain of 52, has a
lobe only 1.25 degrees wide. On the other hand, the RCA TFU-6B, with
a power gain of 6, has a very broad lobe that is about 7 degrees wide.

Very narrow, unadjusted beams waste much of the signal by shooting
it over the horizon, and close-in coverage may suller with poor or no




160 PLANNING THE LOCAL UHF-TV STATION

signal. Beam tilting, as show in Fig. 7-10, is used to point the nose of the
lobe so that it hits ground betore it goes past the horizon. This provides
good coverage out 1o the horizon without losing too much signal.

g g §

HOR
(A)

% O HM

(B}

Fig. 7-10.  (A) Without heam (it the main lobe of the signal would pass
over the horizon. (B) Beam tilting pomts the nose of the main lobe at or
slightly below the horizon for better coverage out to the horizon.

The uht signals travel ina straight line from the antenna and will not
return to earth past the horizon. When the lobe shoots past the horizon,
very little of 1t is useful on the other side unless someone has an antenna
that is high enough to intercept some of the signal (which is now heading
for the ionosphere and oblivion).

A chart such as that shown in Fig. 7-11 is used, with appropriate
formulas, to determine the distance to the horizon and various de-
pression angles from the antenna to receiving antenna locations. Know-
ing the distance to the horizon and to various receiving locations will
help make the verucal pattern more useful. These chart figures are
fairly reliable for flat terrain, but having a mountain ridge nearby that
15 higher than the antenna will change these igures markedly in that
direction.

The column under Dy gives the distance to the horizon from the
electrical center of the antenna. (The height of the clectrical center of
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the antenna above average terrain is shown under H.) The column
under A, gives the depression angle from the same point of the antenna
to the horizon.

The figures under the given depression angles represent the dis-
tances, in miles, 1o various receiving antennas tor that angle and antenna
height. The figures, obtained from the formula shown (D = .0109 H/A),
have been rounded off.

Fach manufacturer will compute patterns for the station 10 meet its
individual needs. After the antenna has been assembled, it is tested on
a large turntable by making actual measurcments to see how it conforms
to the computed pattern. In most cases, the measured values will be
almost identical to the computed values. The charts and measurements
are supplied to the station along with the antenna.

By using the charts and values supplied with the antenna and the
charts under discussion here, the station engineer may make his own
measurements to determine if the antenna is operating properly.

We can use the charts to obtain much usetul information. For ex-
ample, four calculated vertical pattern charts are shown for the RCA
TFU-24DM, a medium-gain antenna. Each chart represents a different
value of electrical beam ult.

In Fig. 7-12A, the antenna has a 0.25° beam tilt, which drops the
power gain figure from 24 10 23.2. Follow the zero degree line from the
bottom of the chart to the top. The zero degree line is a straight hori-
zontal line out {rom the antenna. The point of the lobe is not on this
line; it is on the 0.25 degree line. Note the nulls in the curve at 2.7
degrees, 5.1 degrees, and 7.2 degrees. The signal strength at cach of
these points is 11.5%, 1%, and 2%, respectively, of the maximum lobe
signal strength. Also, note that the beam width 1s only 2.1 degrees at
the 70% points.

Assume, for this example, that the height of the electrical center of
the antenna is 500 feet above average terrain. In Fig. 7-11, locate the
500 toot line under the height column. At this height, the distance to
the horizon (under D,) will be 31.6 miles and the depression angle at
the horizon (under Ay) will be 0.343 degrees. Read across this line to
the 2.5, 5, and 7 degree depression angles. Under 2.5 degrees, read
2.16 miles; under 5 degrees, read 1.09 miles; and under 7 degrees, read
0.78 miles. These are not exacly the points we require, but the exact
ones may be higured it desired. For example, the distance to a receiving
antenna at the 5.1 degree point will be:

0.0109 X H 0.0109 X 500 5.45 R
= ——— = - = = = 1.07 miles

A 5.1 5.1

Thus, a point 1.07 miles from the antenna will have only 1% of the
maximum lobe signal.
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CALCULATED VERTICAL PATTERNS FOR TFU-24DL AND TFU-24DM ANTENNAS
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Fig. 7-12.  Calculated vertical patterns for the TFU-24DL and TFU-
24DM antennaus. (RCA)
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From Fig. 7-11, we know that the depression angle at the horizon for
this antenna height is 0.343 degrees and that the point of the lobe is
approximately at and slightly above the horizon and is receiving the
maximum lobe signal strength. Each of the four charts in Fig. 7-12 may
now be checked for these points to see how electrical beam tilting may
help fill the nulls without reducing the signal at the horizon too much.

In Fig. 7-12D, for example, the beam tilt is 1 degree, which reduces
the lobe power gain to 18.7. At the horizon, the 0.343 degree point, the
signal 1s down approximately 11% and the 2.7 degree null point is up
to 35.5%, the 5.1 degree null point is up to about 15%. and the 7.2
degree null point is up to 7% of maximum lobe signal strength.

The smaller degrees of beam tilt are generally used, except in special
cases and contouring. These nulls will not be too serious unless the
power radiated is very low. If a station is transmitting an ERP of 200
kilowatts, a receiver located only three-quarters of a mile away can do
very well without all this power beamed at it. On the other hand, if
only 600 watts are transmitted, the null at this point could be a serious
problem.

Fig. 7-13.  This high-gain uhf pylon antenna is being readied for check-
oul on the turntable at the factory. The window covers are not yel in place.
(RCA)

Commercial Antennas

The RCA Pylon Antenna

The RCA high-gain uht’ pylon antenna shown in Fig. 7-13 1s more
popularly known as the slotted antenna. Its construction 1s both simple
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and rugged. Essentially, it is a large coaxial transmission line with
appropriately shaped slots cut in the outside wall so that energy may be
radiated.

R-F energv is fed {rom the station transmission line 1o the antenna
base as shown in Fig. 7-14. The outer conductor of the transmission
line is grounded at this point and the inner conductor connects to the
mmner conducior of the antenna, which is a copper pipe. This center
conductor is grounded at the top of the antenna. The length must be
correct to do this, but it is part of the antenna design.

Fig. 7-14.  The coaxial feedpoint is prominent al the base of the uhf pylon
antenna. Also shown arve the cable to ihe beacon light and the junction box
for the heaters. (RCA)

Some styles of pylon use a fecdpoint that is half-wav up the antenna.
As tar as the station is concerned, the feedpoint is still at the base of the
antenna as in the other style. In this case, the station transmission line
ends at the same place, but the line inner conductor, instead of connect-
ing to the antenna center conductor, joins with another pipe that makes
a coaxial line with the center conductor. At the midway point, the
energy is fed to the inner conductor ol the antenna. As bhelore, this
inner conducior is grounded at the top of the antenna.
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Fig. 7-15.  Two methods of feeding r-f energy to different RCA antenna
models: (4) the end-fed antenna; (B) the center-fed antenna. (RCA)

As r-f energy travels along the inner conductor of the antenna, some
of it is coupled to the individual slots as it passes (Fig. 7-16). This cou-
pling is made with a small loop or a smali bar that is connected 1o the
cdge of the slot.

The center conductor is a copper pipe and the outer conductor is
made ol a special steel. The supporters and spacers between the 1wo
are made of teflon. At the top, a plate is provided for mounting a stand-
ard beacon light, with the power cable running down the outside of the
pylon. Also, a branching-type lightning rod system is irmly bolted 1o
the plate. Since both the inner and outer conductors of the antenna are
grounded to the tower, a high degree of lighining protection is altorded.

Climbing spikes are provided so that the beacon or antenna may be
serviced. At the bottom of the antenna, a flange of special steel is pro-
vided for mounting the antenna to the top plate of the tower. The
antenna feedline protrudes into the tower a short way for connection
to the station transmission line.

llach individual slot is covered with a polyethyvlene cover or window.
This cover also contains an anti-oxident and an ultraviolet hibiting
dye. The main purpose of the covers is to act as a small radome over
cach slot and Keep rain, ice, dirt, birds, etc., from the inside of the
antenna.

The entire antenna is designed 1o mount by itselt on the top of the
tower. It is designed to EIA windloading specifications of 50 pounds
per square foot on flat surfaces and 33 pounds per square fool on
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Fig. 7-16.  The slot covers have heen removed from this pylon antenna.
The aluminum bar couplers can be seen inside the slots. (RCA)

round surfaces, which is equivalent to a true wind speed of 110 miles
per hour with no ice. The mechanical specifications for such an antenna
are given in Fig. 7-17.

De-icing is accomplished generally by the use of calrod heaters that
are bolted to the outside of the outer wall. These heaters are covered
with asbestos to prevent heat loss to the air and direct contact provides
the best transfer of heat to the metal. As an accessery item, RCA will
supply an automatic switch thar will turn the heaters on when conditions
call for itand off when they are not needed.
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Definition of Mechanical Symbols

Symbol  Units Definition

A feet Antenna aperture length

D, feet Distance from tower top to center of
wind looded areo of antenna

H,  feet Height of pole {(only) above tower top

H feet Height of Electricol Center above
tower top

H, feet Height of antenna obove tower top
including lightning protector

| psf Wind pressure for which the ontenna
is designed

J inches Pole diometer top section or entire
ontenna excluding slot covers

K inches Pole diometer bottom section

L feet Shipping length of longest pole section

M Kip/feet  Overturn moment—R; D; (thousonds
of foot pounds)

N Number of sections in which pole is
shipped

P pounds Weight of heaviest pole section

Ry pounds Wind reaction ot center of wind
loaded area

u inches Diometer of bolt circle of base flange

v inches Bolt diometer used in bose flange

W tons Weight of complete ontenna including
inner conductor

X Number of equolly spaced bolts used
in base flange

A8 inches Cleoronce hole diometer required in

tower top for antenna or feed system

TYPE TFU-24DM UHF TELEVISION ANTENNA, MI-19304-B/A

Channel H " ] ™ [ w
3 43.33 22.250 3s 30.8 1275 12
32 43.00 22.000 3s 303 1265 12 Constants
3 4275 21,834 3s 29.8 1255 1.2 ¥
34 4208 21.584 35 293 1245 12 Hy = .5 X He
3s 41.83 21417 3s 28.8 1235 12 H, — H. 52
36 41.58 21,167 40 28.3 1225 n
37 40.92 20.917 40 27.8 1215 0 I = 50730
38 40 58 20.750 40 273 1205 B K — 8%
39 40.33 20.584 40 268 1195 Kl
40 39.92 20 334 40 26.4 1185 B L—=H.
4 39.58 20.167 40 26.0 1175 11 N1
a2 39.25 20.000 40 25.5 1165 1
43 38.83 19.834 45 250 1155 Il P—=W
“ 38.67 19.584 45 247 1145 B U113
45 38.25 19.417 45 243 135 1
46 38.00 19.250 45 239 1125 R V=i
47 37.67 19.000 45 234 1o " X - 12
48 37.25 18.751 4 23.0 1095 10
49 37.08 18.584 45 226 1085 1.0 Y =28
50 36.75 18.414 50 223 1075 1.0

Fig. 7-17.  Mechanwcal specifications of the RCA uhf pylon antenna, type
TFU-24DM. (RCA)
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A high-gain antenna, such as the pylon, will have null points in its
coverage, some of these as close as a mile from the antenna. By the use
of a small amount of clectrical beam tilt and adjustment of phase and
amplitude to the different slots, these weak signal areas can be filled in
so that coverage is solid in the primary service area.

The horizontal and vertical patterns can be shaped and contoured.
Your requirements for your arca should be worked out with RCA
antenna engineers.

Besides the medium and high gain pylons, RCA has a small low gain
antenna, the TFU-6B, which is also a slotted pylon antenna. It is light-
weight, only 49 to 68 pounds (depending upon channel). It is approxi-
mately the same size in diameter as the 3 L% -inch nansmission line and is
essentially an extension of the transmission line. However, it 1s made
from heavy aluminum tubing. This antenna has a bottom mounting
plate that permits its mounting directly on the top of the tower, on an
outrigger, or even inside the tower. Naturally, the side or inside mount-
ing will affect the normal patrern of the antenna, which 1s calculated for
a top mounting position. Since it is possible for this antenna to be
mounted in several places, there is no provision for mounting a beacon
on the top of it.

The General Electric Helical Antenna

The helical antenna is a simple, rugged antenna that will withstand
moderate icing and high winds and is not affected very much by climatic
changes. The electrical and mechanical specifications of such an antenna
are shown in Fig. 7-18.

Working on the traveling-wave principle, a single feed point delivers
r-f energy to each bay, whiclr is wound with two helix wires, each skant-
ing the opposite way. (Working two helixes this way cancels any vertical
polarized components that may be radiated, due to the pitch of the
helix.)

As with a traveling wave in a long wire, radiation from each spiral of
the helix is progressive, so that the signal at the end is low or non-
existent. The ends may be grounded or left open without any reflection
effects. Generally, about 2 wavelengths per turn are used, which pro-
duces a side-fire radiation.

Fach bav is made up of a right-hund and lett-hand helix, fed from the
center point. Since two helixes are placed end to end and fed at the
common point, the impedance at this point is low, approximately 100
ohms. There are no high voltage points and the antenna is basically
a nonresonant device.

The helix wire is the actual radiating element, supported about the
mast with insulators. At the end of cach bayv are flanges that permit the
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FCC FILING INFORMATION FOR UHF CHANNELS 14-83

Moment Shear
| Heigne* (#1) 50-1b 50-6 | Weight |
M e U | Sysem | average | Power | ower | [res | frec
Antenno Type for UNF | Bays | Owometer Toput Input Goin Galn ::w‘; r‘:ﬂu;
{In. P Rodiation | Kw! Rario | (b} | fied | Fleld
| i Center (#1.16) (15) {ib} :
| (®) |
| |
Channels 14-16 Chia | chie J chida | che |
TY21-A T 0% 18.17 1580 | 643 | 825 3450 1400 30 25.0 s 699 13077 1098
Y-22.A 2 | ou% 2660 | 2590 1185 | 1130 10300 2200 60 58,0 10 1000 | 4351 | 1128
Y-23.4 3 10% 37,05 | 2600 | 16.88 ‘ 635 | 21000 3000 80 86.0 15 1176 | 5329 | tlas
TY-24-A 4« | ok 4750 | 48.10 | 22,10 | 2140 35500 3800 60 56.0 20 13501 | 8153 153
TY-25.A 5 0% | 5795 | 5620 | 27.33 | 2645 | 53000 | 1870 | 505 | 60 6.0 25 1398 | 6880 | (158
Channels 17-24 Ch17 | ch2a | ch17 | ch2e
v 1 101567 | 1488 | 618 | 579 3080 425 1220 30 250 5 699 | 3077 | 109.8
1Y-22-8 2 10 2562 | 2406 1116 | 1038 | 9170 750 1950 60 860 10 1000 | 4351 | 1128
TY-23:8 3 0 3559 3325 | 16114 | 1457 | 18670 1080 2850 60 66.0 15 1978 5329 | 13455
TY-24.8 4 10 4554 4242 | 2112 | 2056 | 31250 ui0 | 3330 60 460 20 101 8153 | 115
TY.25.8 s 0 5550 5160 26,10 | 2415 | 45330 | 170 | ai2s 50 460 25 1396 | 688.0 | 1188
Channeh 25.32 ch2s | ch3z | chas | chaz
V32 T % 1478 144 574 5.42 2730 350 1090 20 220 5 699 3077 | 1098
Y22 2 8% 2386 2258 | 1028 | 9.4 6920 ¢10 1770 40 140 1 1000 | 4350 | 11238
Y23 3 8% | 3294 | 314z | 1482 | 1436 13670 860 2300 60 86.0 [ 1176 5329 | 11as
Tv24.C 4 8% | 4202 | 3946 | 1936 | 18.08 22830 1120 | 2890 40 880 20 1301 6153 | 1158
25 5 8% | 5109 4790 | 2390 | 2230 | 34170 1370 | 3505 60 660 25 1198  6BRo | 1168
Channels 33.43 | chaa | chas | chss | chas
0 V7% (1377 1297 | 507 | 478 2100 [ 330 | 955 20 22.0 5 699 13077 | 109.8
2 7% 2212 2052 ' 935 | 85 5870 560 1450 40 440 19 1000 | 23501 | 1128
0 3 7% 3047 | 2807 1352 | 1233 | 11330 785 | 2010 60 660 15 1176 | 5329 | s
TY.24-0 4 7% 3882 | 3560 | 1770 | 18110 ‘ 19170 1020 | 2500 60 660 20 1301 6153 | 1153
_ ma2sD s | o7u 477 4307 | 2187 | 19388 | 28830 1170 | 3060 60 66.0 25 1398 | 4880 | 1168
Channels 44.56 J Ch56 | Chaa | chse
TY-21E T 6% | 1217 | 475 438 570 270 770 15 16.5 5 899 3077  09.8
V-22.8 2 6% 1892 | 850 775 4170 430 1180 30 330 10 1000 | 4355 11238
TY-23.E 3 6% 2567 | 1225 | 1103 8030 600 1540 s 495 5 176 | 5329 | 1145
TY-24.€ ¢ % 3242 | 1600 | 1450 | 13170 770 1950 60 66.0 20 1ol 8153 | 1isa
TY-25.E s % 2 | 3907 | 1975 | 1788 | 19580 930 | 2515 60 860 25 1398 | 6880 1148
Channels 57-68 | chs7 | chea | chs7 | ches
21F 1 1195 | 1140 | 470 | 382 1170 27 635 w185 5| 699 109.8
TY-22.F 2 18.65 | 17.55 | 745 | 690 3200 370 915 10 130 10 10 00 1128
TY.23.F 3 2535 | 2370 | 10.80 | 997 6000 500 1210 45 95 15 1178 1as
TY-2¢.F i 5%s | 3205 2985 1415 | 1305 9780 830 1460 45 495 20 1301 11538
TY-25-F S | 5% 13875 | 3600 1750 | 16.12 | 1a420 770 1900 45 495 25 13.98 1i6.8
Channefs 69-83 Ch 69 | ChBI | Che9 | ch a3
w2l 1 5 1137 10797 381 1.52 1000 200 585 is 185 5 699 3077 1 109.8
V22K 2 5 1749 | 1833 | &87 | 829 2580 320 855 30 330 10 1000 | 4351 1128
TY-23-H 3 5 2381 | 2187 | 993 | 9.6 4900 430 1110 30 330 15 1376 | s325  1als
TY-24-H 4 5 2973 | 2641 1299 1183 7830 550 1350 10 330 20 1301 | 8153 11538
TY-25-H 5 5 3ses | 31es | 1605 | 1440 11570 870 1735 30 330 25 1398 [ 4880 1168

* Anténna Height and Height of Radiation Center may be linearly interpolated from the values shown for all channels between timits,

Fig. 7-18.  Electrical and mechanical specifications of the GE helical uhf
antenna. (GE)
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bay to be rotated. Small stubs can be mounted on the helix at critical
points. These stubs, in conjunction with the rotation possible at the
flanges, permit electrical beam tilting and pattern contouring.

The power gain for cach bay is five. Normally, the bays are stacked,
five to an array, for a power gain of 25. Two antennas of [ive bays cach
may be stacked one above the other for a power gain of 50.

Distribution of power to the individual bays is from the inside of the
mast mounting pole, which is an integral part of the antenna. (As far
as the station is concerned, the only feed point to the antenna is at the
bottom of the antenna.) The feed point projects down inside the tower
for a short length. There arc no teedlines or cables outside the mast.

The mounting pole, top plate, flanges, and base plate are made of
a special steel. The antenna is designed to withstand a wind pressure on
flat surfaces of 50 pounds per square foot, without ice, which corre-
sponds 10 an actual true wind speed of 112 miles per hour.

Climbing spikes arc provided up the side of the mast for service to
the beacon lamp or antenna. The top plate will take a standard 300 mm
beacon and is provided with a lightning rod that is bolted to the plate.
The cable for the light runs down inside the mounting pole. The mast
and helix are both grounded 1o the tower for lightning protection.

De-icing is accomplished by feeding 60 cvcle current through the
copper helix wire. The antenna is unaflfected by small amounts of ice
but heavy radial ice will detune and change the windloading figures.

Ordinarily, this antenna is used when a nondirectional, circular
pattern is desired. Shaping of the patterns for null ill-in and contouring
to meet local coverage problems are usually employed, although some
directionalizing may be accomplished.

The General Electric Zig-Zag Antenna

The newest entry into the uhf antenna field is the zig-zag antenna
(Fig. 7-19A). UHF stations are now permitted to use any directional
pattern desired to meet coverage problems and this antenna is made
just for these purposes. Not only can you obtain a normal, circular, non-
directional pattern with this antenna, but GE antenna enginceers have
already computed over 150 diflerent horizontal patterns that may be
realized with it by proper arrangement of the panels. Some of them
are shown in Fig. 7-20.

Operation is based on the traveling-wave principle inalong wire. The
radiation is similar to a broadside array of dipoles over a reflector panel.
Of course, wire length and the space between the wire and panels must
be correct 1o accomplish this and are part ol the antenna design. The
long wire is bent at halt-wave intervals 1o create in-phase conditions ar
cancel out any vertical polarized components that may be radiated.




172

PLANNING THE LOCAL UHF-TV STATION

Fig. 7-19. (A) This GE zg-zag antenna has several panels mounted that
are being adjusted to the specified pattern. (B) A close-up view of zig-zag
panels showing the bent-wire radiating element and the feed pomnt. (GE)
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TYPICAL FIELD PATTERN MECHANICAL ARRANGEMENT
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Fig. 7-20.  Some of the more than 150 calculated paitterns available with
the GE zig-zag uhf antenna: (A) Three panels forming an equilateral
triangle whose side d varies from 0.5 X to 1.5 X i 0.1 X steps (d = 2.0 A,
2.5 A, 3.0 A); (B) Four panels forming a square of 0.8 A side. (GFE)
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Each panel is made up of two bent, half-wave conductors, fed at the
center point (Fig. 7-19B). The conductors are made of heavy copper
wire mounted on stand-off insulators. The panel is a steel screen, which
acts both as a retlector and a mounting device. The reflector is grounded
to the tower. The ends of the bent radiator may be left open or grounded
without aflecting the radiated pattern, because the r-f energy is very
low or nonexistent at this point, as in the helix. The feedpoint of the
panel is at low impedance, hence, there are no high voltage points.

Panels are basically a nonresonant device, so moderate icing or rain
will not have much effect on them. When heavy icing is experienced,
de-icers are available. For this purpose, 60-cvcle current is fed through
the bent wire to melt off any ice that may form.

Gain figures are not given for this antenna because the overall gain
will depend upon the final antenna array. Vertical or horizontal patterns
of almostany shape may be obtained. With practical directional antennas,
a gain of 75 or more may be casily realized.

Antenna arrays may be made up in several ways. General Electric
will supply a complete array, with its own mast, beacon top plate, and
inside transmission line, that has been completely assembled, adjusted,
and tested at the factory to meet customer requirements. In other
words, a complete antenna, just as the helical antenna is complete,
designed to be top-mounted on a tower with only one feed point at the
bottom for the station’s transmission line.

The panels may also be mounted on the sides of an existing tower
and erected in the field. In this case, GE antenna engineers will compute
the desired pattern and arrangement to suit the particular tower and
installation.

Towers

Towers come in all shapes, sizes, and stvles. There are probably no
two identical towers, although some may be very similar. Each one is
custom-built to meet station requirements. In regard to tower specifica-
tions, many factors must be considered: the needed height, soil condi-
tions for the base, wind and weather expected in that location, available
space, weight and type of antenna to be supported, platforms needed for
beacon lights, members to support line hangers, elevators, etc. It is not
possible merely to order a certain model and size from a catalog. Ordi-
narily, the tower design engincers will work with the antenna engineers
and station consulting engineer 1o determine what specification the
tower must fulfill to meet the requirements of the station.

Cost of tower, base, and erection will vary considerably, because each
installation is customized. This was shown in Chapter 1, where three
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stations with different requirements had to pay as each requirement
demanded. In the case of WBJA-TV, it cost $4,000 more than would
have been usual because they had some very special guying problems.

Guyed Towers

Space to place a tower is of prime importance and may be a deciding
factor. Guycd towers require more space for the guys and anchors than

Fig. 7-21. A guyed TV tower. (Stainless, Inc.)




176 PLANNING THE LOCAL UHF-TV STATION

a sclf-supporting tower. Towers over 500 feet high are usually guved,
although there have been some higher than this that were self-supporting.

Guyed towers are usually triangular (three-sided), and linear without
taper from to to bottom (IFig. 7-21). You mav estimate the distance from
the tower of the guy anchor that will be farthest from the base as 70%
of the tower height. T'or a 500-foot tower, this anchor will be about 350
feet from the base. Remember that guys come off the tower in three
directions and take up a lot of room.

Self-Supporting Towers

Self-supporting towers are usually made ol heavier members, may
be either three or four sided, and taper from a large bottom to a small
top. These have no guy wires and depend upon the tower o hold itsetf
up. Such towers are usually more costly than a guved tower of the same
height. Estimate the space required for the base as about 10% of the
tower height. For example, a 500-foot self-supporting tower will have a
base width of about 50 feet on each side.

Tower Bases

Guyed towers have two types of bases: the fixed base and the pivoted
base. On a fixed-base tower, cach leg bolts directly to the mounting bolts
embedded in the concrete pier. On a pivoted-base tower, the three legs
of the base converge to a single mounting point with the concrete pier.
This type is generally used when theve is a possibility that the founda-
tion may settle because ol poor load-bearing qualities of the soil. Should
the foundation settle, the tower can still stand straight and plumb, for
the base will pivot. The fixed-base tower is used when the foundation is
not expected to scttle. Betore any tower is designed, whether guyed or
self-supporting, drillings should be made at several places in the soil
and subsoil for soil samples. These samples should be laboratory-tested
for load-bearing qualities.

Radio Towers

Many present-day radio antennas are lightweight guyed towers.
Although most towers were self-supporting in the carlier days of radio,
the number of radio stations todav necessitates the use of directional
antennas more often than not. In order to keep down the cost of several
towers, lighter, less expensive towers are used. These arve designed to
support only themselves. Many of them cannot carry the added weight
of one of the larger uhf antennas, although some towers may be rein-
forced and reduced in height. Lightweight antennas mav be side-
mounted on some of these towers. In all cases where vou consider using
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existing towers, the tower manufacturer’s engineers should be con-
sulted about what the station proposes to do. They will soon tell you
whether it can be done or not.

The heavier antennas, such as the pylon and the helix, or anv antenna
designed to be top-mounted, will bolt directly to the wp plate of the
tower. Guys extend only {roin the tower as no provision is made for
guy points on the antenna.

Lightning Protection

All towers should be grounded for lightning protection, as the con-
crete pier is not a good ground. A wide copper strap should be brazed
or bolted to the tower and run to a copper rod driven several feet into
the ground. No tower can be made lightning proof, but lightning rods
and a good ground will keep charges drained off before they can build
up enough potential o strike. Even with the best protection, a beacon
famp will be knocked out occasionally by lightning.

Painting

Painting galvanized towers takes special preparations so that paint
will adhere properly to the metal. Galvanizing makes the best weather
protection, especially over the years, and the painting is required by the
FAA so that the tower will stand out. Paint, of course, also contributes to
preservation of the tower. If surfaces are not properly wreated before
paint is applied, in a short while large strips of paint will peel off and fall
from the tower and a new paint job may be necessary within a vear. This
is one reason why a station should contract the painting only to a reput-
able tower-painting company. Many painters can get the paint on the
tower, but making it stick for a long time requires experience and
know how.

Windloading

Most TV towers are designed for 3%s pound windloading. This means
they can withstand a steady wind pressure of 50 pounds per square foot
on projected Hat surfaces and 33 pounds per square foot on round
surfaces. For particular areas that have normally higher winds, such as
hurricane arcas, or where heavy icing can be expected (Fig. 7-22), the
tower should be designed for a higher windloading. Some other factors
should be considered in the windloading, such as microwave reflectors,
which may be added at a later date.

Tower manutacturers are justly proud of the fact that very, very few
towers have ever come down and many have been standing for 20 or 30
vears. If a tower should fall because of weaknesses or poor design, the
tower manufacturer’s reputation would be dealt a very serious blow.
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Fig. 7-22.  An ice-encrusted tower. The antenna is enclosed in a radome
for this severe weather location. (RCA)

Few customers will buy from a company that has had one of its towers
fall. This is another reason why every tower installation is custom-buils.
If you already have a tower erected for a radio or an FM side-mounted
antenna, you may find the tower manufacturer very reluctant to have
you place a one- to three-ton antenna on the top of it.

Antenna and Tower Care

Because the antenna is somewhat out of reach and out of sight for all
practical purposes, there is a tendency to forget about it until trouble
develops with high standing waves or ghosts. However, there should be
regular inspections of the antenna, just as there 1s with other equipment.
Of course, it is more difhcult to keep as close a check on the antenna as
with other equipment, because few station engineers are also climbers.
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Finding someonce 1o climb the tower is generally not difhcult. The
real problem is finding someone who will also be able to do some good
while he is up there. Most clunbers can tell you if bolts are missing,
members are loose, or paint is peeling off, but they may not recognize
small cracks in insulators, lightly-burnt joints, or other sources of pend-
ing trouble. There will be times when yvou are fortunate enough to
discover a climber who, even though he may not understand electrical
problems, will be alert to almost anything on the tower or antenna. Such
a person can be taught to look for and recognize potential troubles and
will bring back correct informauon.

Reporting of information may take several forms. One of the best
methods by far is pictures. If a climber can opcrate a Polaroid camera,
much useful mformation concerning the condition of insulators, con-
nections, windows, and potential trouble sources can be delivered 10
the ground. Further implementation of this mformation with sketches
and exact measurements will make 1t easier for both him and you to
discuss possible remedies for whatever situation may be present on the
tower. The climber should be instructed 10 look for anything that is
obviously wrong, of course, and muanv of the following conditions,
which can eventually develop into real difhculues.

Paint in the wrong places is a real headache that will worsen as it ages
and oxidizes. Some painters get very sloppy while working high on the
tower, because they believe vou cannot inspect the work. Sometimes they
will paint over the slot covers on the pylon antenna and the insulators
on the helix and zig-zag or the feed points on these latter antennas. On
the pylon, painted windows will detune the individual slot, which may
cause burning at its feedpoint. The whole pattern will be atfected when
several slots are not radiating properly. Similar elfects will occur on
other antennas when insulators or feedpoints are painted.

When the antenna and tower are being painted, it the antenna isn’t
oo high, a good pair of binoculars will be of great assistance in keeping
a check on the painters from the ground. Even if you can’t sce such fine
detail as paint spots on the insulators or windows, the pamters may think
vou can and will be more careful.

Cracked or missing windows on the pvlon antenna can cause trouble,
because rain, snow, ice, dirt, and birds can get inside. Loosc or warped
edges will allow the weather elements inside and a window 1n this con-
dition may blow away in a high wind. Damaged or missing windows
should be replaced immediately. Don’t give the weather a chance at the
mside of the antenna. A few spare windows should be kept on hand at all
times, so that replacement may be made immediately without waiting
for parts 1o be shipped from the lactory. These polyethylene windows
come 1n one standard size only, so each one must be cut for the slot size
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on vour channel. The plastic is a verv tough material and is quite difficult
to cut white up on the antenna. It is best to measure one of the original
windows while the antenna is still on the ground and to cut the spare
windows to that size. This will save tune and trips up the tower when a
replacement s needed.

Sometimes individual heater elements will burn out, leaving sections
of the antenna unprotected from the ice. Turn heaters on and allow
them to warm up. The climber can check on them while he is on the
antenna.

Two-way conversation between the man on the tower and the ground
can be accomplished in different wavs. Small, wansistorized walkie-
talkies will be very helpfutl from all locations on the tower. Telephones
may also be used by running telephone cables up the tower and pro-
viding outlets at a number of elevations.

Ice and Its Effects

Many areas of the country experience heavy icing in the winter
months. Antennas are designed to handle small amounts of ice, which
will not aftect antenna performance too much. A heavy icing, however,
is a severe problem. The weight of heavy glazing will move the antenna’s
structural design parameters closer to the limits of safety, even though
the antenna design includes an ice factor in its application. Electrically,
heavy ice will detune the antenna, causing a mismatch with the trans-
mission line and, consequently, high standing waves and ghosts.

Heaters will take care of the ice problem, if they are turned on and
working properly. In a severe ice storm, even the heaters may have
trouble keeping ahead of ice formation, but they will prevent enough
ice from forming to give anv touble, although you may have to tolerate
some increased VSWR and ghosting in the transmitted picture.

Temperatures at the antenna level are usuallv colder than at ground
level. The steel in the tower is colder than surrounding air because the
mass of the steel takes longer to change temperature. Any moisture or
condensation will freeze on the antenna is the temperature of the steel
is below freezing. With this in mind, don’t wait untl the VSWR starts
to increase before turning on the heaters. Try to anticipate ice con-
ditions, especially severe icing, so that the ice will not have a chance to
get ahead of the heaters.

Some manufaciurers will supply automatic equipment that turns on
the heaters when icing conditions are present or equipment can be
installed that will turn on with the tower lights (at night there is usually
some frosting on high antennas). With the latter method, a switch should
be provided so that the heaters may be turned oft during the warm
months. Some type of indicator at the base of the tower or in the build-
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ing should function as a reminder that the heaters are turned on or off.
Without it, you may think that the heaters are on when they are not and
the ice will get ahead of vou. Such an indicator will also prevent the pos-
sibility of the heaters operating all summer long (which has happened).

Remember, also, that ice on the antenna will not start to melt until a
day or so after melting has occurred on the ground. You may be search-
ing for other troubles after the ground is thawed when the ice s still
affecting the antenna’s performance.

Checking VSWR

The quickest indication of trouble at the antenna will be a high
VSWR. Most operators check the VSWR at the beginning and the end
of cach day. A low reading in the morning and a higher reading at the
end of the day are indications of pending trouble, because something
is probably heating with r-f energy in the line. Of course, high VSWR
can be in the transmission line itself. A split bullet, poor connection
heating, or new dent will change the characteristic impedance of the
line and mismatch the antenna and transmission line. In such a case,
the new VSWR will probably remain constant.

Regular checks on the line and antenna VSWR with a slotted line are
recommmended. Such checks should be made throughout your channel
width at every quarter megacycle; the reflectometers on the transmitter
indicate VSWR at the carriers only. The antenna and line should have a
very low VSWR across the whole channel width. Otherwise, degradation
of the picture will occur in the torm of ringing and ghosts. This is
especially true if you transmit color. High standing waves in the area
of 3.58 mc above visual carrier will cause phase shifts of the subcarrier.
Even color cancellation may take place due to phase changes.

The best method of making VSWR checks is opening the transmission
line at the antenna and terminating it with a resistive load of proper
impedance. Follow this with a check of both the line and antenna to-
gether. This will help indicate where the source ol trouble may be
developing. A d-c resistance measurement of the whole system will also
mdicate changes in the joints.

The RCA Service Company will make these measurements on a
contractual basis, either as a part of a proof-of-performance of the
whole system, which must be done every vear, or only a vearly check of
the antenna system. They have climbing engineers who do this work.
You can purchase the necessary equipment to do the job yourself, but
it 1s quite expensive and will seldom be used, especially since there will
be no other use for it except on the antenna. Most consulting engineers
have the equipment to do this work, as do the field engineers of different
manufacturers.
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Cost Estimate— A Representative Installation

It has been pointed out several times that the tower, transmission
line, and antenna installations are generally customized to suit cach
station’s requirements. However, the reader may get some idea of costs
in this area from the following representative installation. (The estimate
for this example has been very generously given by RCA’s Tower
Merchandising and Antenna Division.)

Example station:

Channel: 35.

Antenna: RCA TEFU-24DM.

Tower height: 400 feet.

Tower type: Guyed (with no special guying problems).
Transmission line size: 3Y8-inch, rigid.

General equipment: Lighting.

Here is RCA’s price quotation, given verbatim:
| » §

1. One 400-foot guved, partially galvanized, noninsulated tower.
Tower to be designed to resist a uniform windload of 40 pounds per
square foot on Hat surfaces and corrected for rounds as outlined in
EIA Standards RS-222 while supporting the following equipment:
(a) RCA TFU-24DM UHF antenma, channel 35.
(b) One 3M-inch transmission line.
() Lighting in conduit.
(d) De-icer conduit and wiring for sleetmelters on antenna and auto-
matic control unit.
Tower to be uniform, triangular cross-section, 5 teet on a side, with a
pivoted or fixed base. Leg members 1o be of high-strength tubular steel
or solid rounds.
Platforms at all light levels.
Provide for an inside ladder.
Leg assemblies will be given one shop coat of paint after fabrication; the
balance of material to be hot-dip galvanized after fabrication.

2. Lighting equipment in accordance with FCC and FAA specifications
governing structures of this height, Type A-3 kit. Necessary conduit,
wiring, junction boxes, photo-electric control, and flasher included.

3. De-icer conduit and wiring for operation of sleetmelters on antenna
and automatic sleetmelter control unit.

Price of tower, lights, de-icer material (FOB factory) . . .. ... $17,000

4. Necessary labor and equipment to crect the tower described above on
foundationsinstalled by othersaccording to specifications and drawings.
The following work 1o be performed:

(a) Unload tower material at railroad siding and haul to construc-
tion site (distance considered, 10 miles).

(b) Erect 400-foot tower complete.

(c) Install one RCA TFU-24DM UHF antenna, channel 35.

(d) Install one run of 3%-inch transmission line and associated
support hangers from base of antenna to base of tower.
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() Install lighting equipment to base of tower.
() Install de-icing equipment 10 base of tower.
(g) Paint tower and antenna—one field-applied coat.

Price for all erection services itemized above . ... ... ... .. $12,000

This estimate does not include figures tor the concrete foundation or
guy anchors. These will depend almost entirely upon soil conditions at
the tower site, which can be determined after test drillings have been
made and the soil analyzed. As a guess, these anchors and base will run
somewhere between $5,000 to $10,000. This work is usually done by a
local contractor according to specifications drawn up by the tower
manufacturer.

The price of the antenna is not included in the quotation, although
the installation is figured. This RCA TFU-24DM, uhf antenna will

cost $17,500.
The total cost of this installation is as follows:
Costof tower . . .. .. . i i e $17,000
Costofantenna . ... ... .. . . . . 17,500
Cost of transmission line (from Chapter 6) .. .. ............ 4,223
Coslt of concrete base and anchors (approximate) . . . . . .. .. 8,000
Costof erection .. ... ... ... . . . . .. 12,000

Total  $58,723




Chapter 8
Film

The single largest item of program material for a non-network athl-
jated station will be fihmn. This will include features, half-hour shows,
il films, public service and commercial announcements, and locally
made film of sporting events, news, and special events.

Film Damage

Good reproduction of hilm not only requires that projection equip-
ment be kept in good repair, but also that the handling and preparation
be done with care, both for a simooth presentation and to avoid damage.
Manv film distributors, especially ot teature films, will require payment
for the film if it is damaged. This continued damage payment can be-
come very expensive, especially if one of the projectors is at fault and
many films are damaged.

Features or series are usually sent out on a “bicycle”; i.c., from one
station to another around a definite circuit until they return to the dis-
tributor. If your projectors damage the hilm, the next station on the
circuit may not be able to use it and, theretore, may lose revenue for
that period. This same thing can happen to you if your predecessor
damages the film, especially il the damage is not discovered until im-
mediately before show time, when it is 100 late 10 get another print.

The only way to prevent loss of a show due to damaged film received
is through inspection of all film received or, at least, inspection of the
features and similar revenue-producing shows. Free films and fillers
necd not be checked, but the short commercial spots should be. Only
in this way can you be reasonably sure that film will be in good condition
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for showing and that your own equipment is not causing any damage.
It could happen that you may hind yourselt paying for damage caused
by others.

Film damage is not the only thing that can be wrong with incoming
film. The author has received film features that had not been rewound,
so that the end was in the readyv-to-show position. On one occasion, an
hour show that was on two reels had the second half labeled #1 with the
academy leader and title attached to the front of 1. The plot line of
that particular showing did not make much sense. There have been
films that were rewound incorrectly so that the sprocket holes were on
the wrong side, with a keved reel that would go on the projector only
one wav. Such films have to be wound properly before they may be used.
In other cases, broken film had not been respliced but merely wound up,
or the break had merely been taped with masking tape. Many odd things
can happen to hlm as it goes around the circuit.

Film Previewing and Inspection

There is a difference between inspection and previewing, as indicated
in Fig. 8-1. When a film is previewed, it is run on a small portable pro-
jector. The whole show is reviewed on a screen and the sound is heard
on a speaker system. There are many occasions when previewing should
be done. You will often only preview sections of the show to determine
the best place for a commiercial. For this purpose, the sound must also
be heard so that the correct mood point may be chosen. There are manyv
shows that already have a place for a commercial announcement, some
even with white leader in this area, especially those shows that have
been television shows and are now coming around the circuit on a re-
run basis. Previewing takes up a lot of time; as long, at least, as the film
is to run on the air, because most projectors do not have a fast forward
arrangement on them.

Inspection, although not as thorough as previewing, at least is faster.
This method involves a small viewer mounted on a rewind table. While
the film is being run through the timer, it is also run through the viewer.
Scratches or bad processing will show up in the viewer. Sprocket hole
mspection is done by holding the film lightly between the thumb and
forefinger over the sprocket holes as they move swiftly by (Fig. 8-2).
Pressure should be light; only enough to feel the holes. With a little
practice an operator will be able 1o determine what condition the holes
are in. (If the film is held too tightly, torn fitm can cut the fingers.) There
is no sound check with this method, but if there are no scratches or other
damage, you can be reasonably sure the sound will be alright. It the
emulsion is scratched badly, the film can be put in a projector and a
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Fig. 8-1. (A4) Previewing film. (B) Inspecting film.
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Fig. 8-2. Manual inspection of sprocket holes on film.

listening test will determine whether the sound is poor or not. A visual
inspection of the emulsion side with the naked eye will often show up
scratches. If fim with a magnetic stripe is being inspected, you may
listen to the sound on the film bench with a small transistorized play-
back unit, while the picture is being viewed in the viewer.
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Preventing Film Damage

Film damage can occur in many places and many ways. Most fre-
quently, the ilm is broken, the sprocket holes are chipped or torn, the
emulsion is scratched, or thie outer edges are damaged or torn. (There
can be other unusual damages, such as film that has been stepped on
or shipping cartons that have been crushed, but these are not usual
day-to-day types of damage.)

Scratched Film

Scratches are caused when the emulsion rubs against some rough
surface. Generally, all the timer, viewer, and projector sprockets have
small ridges or rails that hold the film emulsion away from contact with
any surface. When any of these rails are worn down, the emulsion will
rub. The greatest offender in this area will be the skids at the top and
bottom ol the film gate in the projector. At this point, the pressure shoes
are holding the film tightly against the runners and the motion of the
film is also tending to throw it against the skids. If scratching is occur-
ring, check these skids for wear. The surest sign that scratching is hap-
pening will be when “birds’ nests” (Fig. 8-3) appear on the aired picture.
Most television viewers have seen a “bird’s nest” on the screen at one
time or another. It will start out as a hair or string flickering near the
top of the picture and continue to build up until there is quite a tangled

PICTURE

BIRD'S NEST— ]| | .
L-—"" MONITOR
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Fig. 8-3. Birds’ nests are created when emulsion is scraped off the film
by the projector or dirt accumulates in the projector gate.

mess of black material, either standing still or wavering around. While
this may be dirt or lint that has been picked up, in most cases it will be
emulsion that is being scraped off the film. Whichever it is, it should be
cleaned out immediately, because this accumulation will contribute to
further scratching, as well as look bad on the air. A squirt of film
cleaner or even a dab of saliva will clean the gate out quickly when the
film is running. Never use oil on a film, as this will cling and cause dirt
and dust to cling to the film, and in both cases will show on the aired
picture.
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When dirt or other foreign material is allowed to build up on a roller
where a film must pass, whether it be in the projectors or in viewers or
timers, it can cause scratching. All such surfaces should be kept clean
at all umes. Film scratchies will show on the air as uncven or random
vertical lines in the picture. Badly scratched film can be very annoying
1o watch,

Damaged Sprocket Holes

Chipped or worn sprocket holes are caused when the film is pulled
over the teeth on a sprocket mstead ot the teeth seaung in the holes
as they should. If an intermittent type projector loses loop and the
hilm s pulled either ahead ol or behind its correct timing position, the
claw will not fall into the holes correctly. If it hits between holes, 1t will
probably tear the film or the hole. If it is mistimed just a small amount,
the claw teeth niay cut the edge of the sprocket holes and enlarge them
(Fig. 8-4). Enlarged holes allow the film to wobble as it goes through and
is pulled down, cansing the projected picture to jitter.

Filw

SPROCKET HOLES

SPROCKET b~ TORN AND ELONGATED

HOLES

CLAW HITTING
BETWEEN
HOLES

MAY TEAR EDGE
" OF FILM ALSO

NORMAL SIZE

SPROCKET HOLE
PROJECTOR

PULL-DOWN—""]
CLAW

Fig. 8-4.  Film s mvarably damaged when the film loop 1s lost.

Detecting jitter and wobble can be done readily if you have test film
on hand. One such film is a white ball on a black background. A loop of
this test film is made up and run in the projector and the picture is
viewed on a monitor. Any jitter or wobble will be quite evident. In case
there is no test film handy or you cair't stop and check out the projector,
observe the regular projected program material on the air. This will
take tonger, of course, and will not be as conclusive as a test film, bur
these observations should be made all the time that regular program-
ming is being conducted.
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Jitter and Wobble

Jiter is a fast vertical movement of the projected image that occurs
when succeeding frames of hlm are not in the same place when the
light is projected through them. To check for jitter in a program flm,
watch the lettering of the titles at the beginning, a building which has
a roof line across the top edge of the picture, or a steady background
object that has a horizontal edge near the top of the picture. It is best
if the line is very near the top, so that the edge of picture blanking can
be used as a steadyv reference. (Persons or other objects in the picture
are usually moving around and are not too useful for jitter checking.)
You must be certain the sync generator is not causing the electronic
picture to jitter. Also, you should observe several hilms, even it the jitter
in one of them is very bad. Film making equipment today is held to
close tolerances, but some individual films may come out poorly because
the film was stretched.

Wobble is a horizontal weaving of images, usually caused by worn
guides in the projector gate. This allows the film 1o move from side
to side as it passes through the gate.

Generally speaking, most movies or feature films will be quite steady
in themsclves. If jitter or wobble is present, it is probably due 1o faults
in the projectors. Another test to use when a specific film is questionable
is to run the film or a section of it on another projector. Compare the
same scction of film on both projectors. It is highly unlikely that two
projectors will be out of adjustment or worn in exactly the same way, so
if jitter or wobble is present on both projectors, the fault is most likely
to be in the film.

In dayv-to-day operations, the control operator should be alert to these
things as film is being programmed. If such an operating procedure is
followed, projectors that are wearing or going out of adjustment can be
detected long betore the problem becomes serious. However, dom’t ex-
pect film to be as steady as the pictures you get from a live, studio-
camera picture. There will always be some slight movements of film.
You should not be too concerned with these, but should be able to detect
when movements are getting worse.

Green Film

Losing loop on thie projector can be due to improper threading of the
film onto the projector, sprocket shoes that are not adjusted properly,
or “green” film, which is tacky. Green film will usually stick in the gate
because of the heat at this point. When the film hesitates, even for an
instant, TV projectors will tear it up. If the playout reel has too much
tension the flm loops may pull out, because the film isn’t feeding
properly.
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Generally, sprocket shoes should be tight enough so that two layers of
film will just pass easily and one laver cannot be pulled past the teeth
by hand. Clearance tor two lavers is necessary so that a splice may pass;
otherwise, it will be pulled apart or jam (Fig. 8-5).

2 PIECES OF FILM
SPROCKET

SHOE

PROJECTOR
" FILM SPROCKET

— FIM

SPLICE A\

Fig. 8-5.  The sprocket shoe should be adjusted so that it will pass a splice
m the film.

When film does lose loop or is incorrectly threaded, lip sync will be
oft. The lips of the person talking in the picture will not be synchron-
ized with the words that are heard. Lip sync can be off so far that the
person’s lips have stopped moving when their speech is still being heard.
Many operators have the bad habit of reaching into the machine with
a pencil or finger and pulling the film loop down while it is running to
correct lip sync. Ordmarily, such a procedure will cure the lip sync
problem, but it can also cause film damage. The best procedure is to
stop the projector and correct the loop. This can be done in a few
seconds and there will be no chance for film damage.

The only way to run green film is to cure it first. This can be done by
running the filin through a special chemical bath which will cure and
harden it. There are machines on the market available for this purpose.
There is stll a better and less expensive wav—the use of small units
and some home-made adapters.

Film Cleaners and Hardeners

You can buy a small cleaner unit that is designed to be used on the
film bench in the film room. A small container of cleaning fluid is fed
to a felt pad, which in turn wets a double layer of flannel. The film is
drawn between the flannel layers, which are very soft and lintless. You
should have two such units, one for each projector in the control room.
You will need to build your own mounting brackets so that the unit
will fit on the model projector you have. This cleaner should be mounted
so that the hlm comes directly from the play-out reel through the
cleaner.
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This can be developed into an automatic system by secuving two clec-
trically operated valves that will open up when the projectors run
(Fig. 8-6). These valves mav be purchased on the surplus market. A
single tank may feed both cleaners through hoses if the projectors are
close together. Before the Huid gets 1o the valve, install a small hand-

i S

Fig. 8-6.  Thas small, bench-type film cleaner is mounted on the front of an
RCA TP-16 projector. [t automatically cleans, hardens, and lubricates the
Silm before it goes indo the projector. (WLBC-TV, Muncie, Indiana)
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operated shutott valve and a glass nthe. This tube is the type that is
used as boiler pressure tubes. The small valve will permit adjustment
of the flow so that the fluid only drips. Too much fluid will appear on
the projected picture as “golf balls,” which are rcally bubbles. The
common tank should have a lid on itand should have a capacity of about
one gatllon. Another feed system may be used lor these cleaners. Some
old-type oil stoves use a small tank and drip adjustment to feed the
burners. Obtain one of these for each cleaner and mount it on the
projector in a suitable place.

Running film through rewinds puts a small electrostatic charge on the
film which attracts dust. These little cleaners, installed in this fashion,
will clean, harden, and lubricate each film just before it goes into the
projector and before it has had time to pick up dust or foreign material.
The projected picture will always be a clean one.

An inexpensive cleaning and hardening Huid to use in these units is
called Cholorothene. For cach gallon of cleaning ftuid, add one teaspoon
of Dow-Corningsilicone fluid #200, 350 cs. Both of these may be obtained
through chemical supply houses or direct from the manufacturer.

Reels

Bent steel reels will cut the outside edge of the film. 'The most inex-
pensive and best way to avoid this damage is to use a plastic reel (Fig.
8-7). A very good, tough plastic reel is available that is pliable and al-
most indestructible. It holds the fitm well and will not cause damage
in any way. Also, these reels cost less than steel reels. Made {rom a
special plastic, the reel will spring back into shape and will withstand
higher temperatures than the film. A steel insert is molded into the
plastic reel at the point of greatest stress, the axle point.

The author can attest to the serviceability of these recls. We received
a sample reel when they were first released for sale. Being skeptical of
plastic reels from past experience, we considered this reet as just another
low-quality, plastic reel. The letter that came with the reel suggested
we test it any way we desired; we did so. The author put it on the floor
and stood on it. Such treatment would normally damage a siecl reel
bevond repair. Upon inspection, the plastic reel showed no signs of
damage. We then tested it rigorously —throwing it on the floor, twist-
mg it out of shape by hand, winding film very tight on it. After trying
everything we could think to try and damage the reel, we gave up. That
reel looked just like it did when we ook it out of the box, in pertect
shape with not a mark on it. After two years of daily use as the main
takeup reel on our control room projectors, it is still just as good as the
day we received it (with the exception of some signs of discoloration due
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Fig. 8-7. Several sizes of plastic reel. (Plastic Reel Corp. of Awmericu)

to handling). Not only 1s the reel superior 1o a steel reel, but it costs
less. 1600-foot steel reels will cost about $1.75 cach in quantity pricing,
while the same size plastic reel will price out at $1.30 each in quantities.
('T'he reel 1s made by Plastic Reel Corp. of America))

Projector Maintenance

TV projectors are held to tighter tolerances than are home sivle
projectors. Consequently, these machines are often tussy about the con-
dition of the hlm they will pass. When something goes wrong, more
often than not damage will occur 10 the film. Splices must be good or
they will pull apart. 1 a splice is too thick or it its edges project, the
hilm will likely be torn.

Daily cleaning and oiling of the projectors is a must. If the him
schedule is very heavy, the gates and rollers should be cleaned more
often than once a day. 'The projectors should be torn down and gone
over thoroughly each month. RCA Service Company, with tramed per-
sonnel, will service your projectors once a month under contract. Re-
placement parts are also supplied under these contracts and vou will
receive as many additional emergency calls as are necessary. Often, the
cost of the replacement parts used in @ month will more than pay tor
the contract. Unless vour personnel are capable of doing this work, it
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is well to investigate a service contract. For a small station, the service
contract arrangement will prove to be the best and most economical
arrangement.

Film Room Equipment

A heavy film schedule calls for adequate handling equipment in the
film room. A few basic items are mentioned here; each station will add
other equipment to meet its specific needs. The best equipment avail-
able should be purchased to handle film; it will pay for itselt in many
ways.

Bench

A suitable bench should be constructed that is covered with a counter
top of some easy-to-clean material. Cleanliness is a must around flm.

Power Rewind

A heavy duty, power rewind (Fig. 8-8) is a worthwhile investment.
The smaller rewinds will wear out in a short time and will need to be
repltaced. A hand-operated rewind will prove 10 be very inefhcient,

Fig. 8-8. A heavy-duty power rewind. (Hollywood Film Co.)
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especially with a heavy filnt schedute. The power rewind should have a
foot-operated control.

Playout Rewind

The playout rewind should be one that has a hand brake. A hand
brake will assist in making a tight even wind. Without the brake, damage
can occur more often, as well as injury to the operator. It, when film is
being rewound rapidly, it begins to spill for some reason, an operator
may grab the play-off reel with his bare hand. It this reel is a steel one,
he can be cut badly.

Fig. 8-9. The Synchromaster. film timer. This model will time two films
simultaneously. (Neumade Products Corp.)

Filin Timer

A film timer is quite useful on the film bench, but it should be con-
structed so that it will not damage the film. You cannot depend upon the
timings shown on the feature films, because they may have been dam-
aged and part of the film removed. Withouta timer, programming can
become very uncertain and a poor on-the-air product results. Several
types of timers are shown in Figs. 8-9 and 8-10.

Viewers

Some viewers are quite dim and must be operated with the room lights
turned down or off. Select a viewer that is bright enough to leave the
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Fig. 8-10.  This film tener will time four films simultaneously. (Newmade
Products Corp.)

Fig. 8-11. A manual, 16 mm film splicer. (Neumade Products Corp.)
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lights on when it is used. It is better when the operator can operate in
the light. A viewer is indispensable for film inspection.

Splicers

A splicer (Fig. 8-11) is a must and should be of very good quality. TV
projectors are critical of splices and will cither pull apart poor splices
or the filim will be torn. The cement used should be fresh and of good
grade. The splicer should be kept clean or splices can’t be made prop-
erly. There is an automatic splicer availabte that does a very good job.
It is more expensive, but may be well worth the additional cost. As is
the case with most automatic equipment, it is more lussy about the
handling it receives. Unless it is constantly kept cleaned and properly
adjusted, it won’t do a very good job. (It also happens that many people
who do film work have trouble with any complicated picce of equip-
ment. For such people, a manual splicer will be better.)

Hand Tools

Two small hand tools will be of great assistance in preparing film.
One is for punching cue marks on the film. These small holes are usually
placed near the end of the film so the operator in the control room
knows just how many seconds are left before he has to make a projector
switch. This will present such a smooth program flow that viewers may
not even know there was a change made from one projector to another.
There is only one difficulty with cue marks at the end of a reel of film.
After it has been around the circuit, it may have a number of such
marks, all ditferent. As these flash onto the corner of the screen, the
operator may become very confused.

The second hand tool is intended (o clean up sprocket holes that
may be torn. This punch will notch out a torn hole so that there are 1to
rough edges to catch. It can’t help if more than one hole is damaged
in sequence, because the claw needs at least one hole to pull the film
down and past the gate in the projector. It several holes are torn out in
sequence, it is better to splice the film to correct it.

Film Storage

Storage of film should be given careful consideration. Not only will
space be required for day to day film handling (film being prepared
for the dav’s showing, film that is received and that which is being
shipped out), but space will also be required for less-frequently used
film such as commercials, features, news, documentaries, and other such
films that belong to the station. Over a period of time, hlim in these
categories will gradually increase in bulk. They should be stored so
that they are kept free from dust and damage. Film may be stored in




198 PLANNING THE LOCAL UHF-TV STATION

I

LANIRE |
I TANEAREARNRAAY

MmN

1 | e mm s
'-"" -
w

' \‘|\\\{
\lln )-- N
f“"_

Fig. 8-12. A typical film storage cabinet. (Neumade Products Corp.)

plastic or steel cans, shipping boxes, or cartons, and should be prop-
erly labeled for easy identification when it is needed. Steel cabinets
(Fig. 8-12) are also available that have doors on them so that the cabinet
may be closed. Such film need not be stored in the fitm room, although
it 1s the most logical place to keep it.

Preview Projector

A preview projector is a must. This should be one of the better-quality,
home-type projectors with good quality sound reproduction (Figs. 8-13
and 8-14). Cleaning and maintenance of this projector is ofien neglected,
with the result that ilm damage is often caused before it gets shown on
the air.

Shoot Your Own

The local market station will do much in the way of local intevest
material for programming. This may be news, special events, or sport-



Fig. 8-13. A4 small 16 mm. projector, the RCA 400 Jr., suitable for film
previewing. (RCA)

Fig. 8-14. A small 16 nun projector, the RCA 400 Magnetic, suitable for
previewing film with optical or magnetic sound tracks. This projector is also
a magnetic recorder. (RCA)
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ing events. Here again, the extra money spent in buying good hlming
equipment will pay for itselt in a very good quality product for air pres-
entation and there will be fewer maintenance problems.

Many 16-mm movie cameras are available for TV use, such as that
shown in Fig. 8-15. Make sure they will operate at 24 frames per second.
The older types operated at 16 frames, which is why the movements in
old movies shown on TV are very jerky.

Fig. 8-15.  The Kodak Reflex Special, a 16 mm camera. (Eastman Kodak
Company)

A movic camera can be either a silent model or one that will record
sound on film optically or magnetically. Cameras are available in 100,
400, 600, and 1200 foot magazine sizes. Each camera can hold film only
up to its maximum magazine capacity. Some adapters to hold larger
magazines are supplied for smaller cameras, but they may not work as
well, since the mechanism may not be able to pull the extra weight of
the film. Consequently, there may be speed variations in these cases.
However, a camera designed for larger magazines will handle smaller
amounts of film with case.

While magnetic sound tracks allow a smaller amplifier and give better
quality sound reproduction, it should be poinied out that there are some
supply problems. As of yet, you cannot buy film with the pre-striped
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magnetic sound tracks. Ordinarily, processing centers and other film
centers will do this striping for you at a cost of about 324 to 4¢ per foot.
This is in addition to the cost of raw film. As the demand for pre-
striped film becomes greater, it undoubtedly will be available as a shelf
item.

Cameras come in different stvles, sizes, and prices. Many of the
standard cameras have been modified by other companies, who sell
these modified cameras. Most of the modifications are usually in the
sound system. Because of their light weight, compactness, and low
voltage requirements, transistors are making quite an imroad into
camera amplifiers. In most cases, the objective has been 1o reduce the
size and amount of equipment necessary to shoot sound on film. One
such modified camera even includes an agc amplifier built into it; the
whole amplifier is mounted directly on the base plate of the camera.

Magnetic and Optical Sound

Magnetic sound tracks give the best quality sound, but they also have
their drawbacks. Becausce the method is relatively new, many places do
not have equipment to play back the sound because the projectors must
have magnetic playback heads on the sound system. For your own
purposes, both TV projectors and the preview projector must have pro-
visions tor magnetic sound if this is to be used. Most TV projectors
are often equipped to handle both optical and magnetic sound at the
same time.

RCA supplies three, reasonably-priced models of small projectors
for film previewing. One model is especially useful if the station is
doing any filming with magnetic sound tracks. This unit, the “400
Magnetic,” will reproduce both magnetic and optical sound tracks and it
also incorporates a magnetic recorder so that sound may be recorded
or edited on the magnetic track. For example, during an interview,
someone may use language that is not acceptable on the air. If the track
is magnetic, it can simply be erased. 1f the track is optical, the film will
have 1o be cut, the objectionable part removed, and the hilm respliced.
Filming of news events, travelogs, and such, can be done silent. In the
studio, the announcer can add the commentary as he previews the film.
None ol this can be done with the ordinary optical sound tracks.

Many institutions or organizations do not have equipment to play
back magnetic sound tracks. In many instances, should a station get per-
mission to film a local sporting event, such as a high school or college
football or basketball game, the schools will usually want the film after
the station shows it on the air. The coaches and teams use these films
to review and discuss their techniques. Giving the film to the school
after the station is done with it is a good inducement to get the permis-
sion to film in the first place.
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The safest procedure in purchasing a camera will be to get one that
can record the sound cither optically or magnetically. Then, if high-
quality sound is desired when making a commercial or other such film,
it can be done with the magnetic sound tracks. If a school or other or-
ganization will be using the film and they cannot use magnetic sound,
the optical track can be used.

Sporting Events

Many sporting events will make good program material {or the local
station. You will need the cooperation of the schools or organizations
concerned. A camera with a 400-foot or 600-foot magazine can do the
job. It will take some careful on-the-site editing and footage minding,
so that film does not run out in the middle of an exciting play. How-
cver, it changes are gauged to be made during time outs or other periods
of little mactivity, very little of the action will be lost. Film shot in this
manner will also require much editing back in the film room. Since the
camera will be started and stopped quite often during the game, there
will be many places where the film was exposed with the camera stopped,
and, also, the sound may have been open while the camera was getting
up to speed. On the air, the exposed film will produce white blips and
the sound will wow. These faults can be taken out on the editing bench
so that the on-air product will appear to be a smooth-flowing, action
film of the game.

Film Processors

Unless there is some nearby concern that will process 16 mm reversal
film, you will probably need a processor. Sending the film away to be
developed may take so long that the value of the film is lost (especially
news items). There are small processors available that will provide re-
versal processing. Reversal means that the film will come out of the
processor as a positive print; i.e., everything looks just the way it is
normally. Film cameras in the control room can handle negative film.
However, when it is intermixed with positive film and slides (which are
positives), complications can develop at the operating position, be-
cause the operator must throw a switch to pick up the opposite polarity
video. There will also be trouble when it is desired to super a slide over
the film picture on the air. In this case, 1t just won’t work.

Small processors are not very speedy, so it will take some time to get
the film processed, depending upon the length of film to be handled.
They are fast enough o handle news film so that it is available in a
relatively short time. A full ball game will take much longer.

In a twenty-four frame system, as is used for television, film runs at
36 feet per minute. Thercfore, a 400-foot reel will contain 11 minutes
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of program material and a 600-toot reel will hold about 16% minutes.
A full ball game may have about 1600 feet or more ol film o be
processed.

The Cramer model 60-1 is a processor that is ideally suited fora small
station (Fig. 8-16). Although it is not a very specdy machine, 1t will

Fig. 8-16.  The Cramer 60-1, a 16 mm fim processor for both negative
and reversal flm. (Milsco Manufacturing Co.)

handle the small station film load. It is normally run at 4 feet per min-
ute, but with an auxiliary drier unit, it can run at 6 feet per minute.
At the lower speed, a ball game on 1600 fect of film will be processed
in about 6% hours.

The processor makes a full reversal print, but can also make a nega-
tive print. Several accessories are available; e.g., a warning buzzer 1o



204 PLANNING THE LOCAL UHF-TV STATION

warn the operator that processing is done, a temperature control,
water-mixing valve that will automatically mix the correct temperature
water, or a dolly with casters, etc.

One filling ot solution will process 400 feet of reversal film. The comn-
pany sclls the processing chemicals already packaged in kit form, so
that no measuring or mixing is required. Each kit will process 400 feet
of film. The processing does not have to be done in a dark room, as
daylight spools are used for the unprocessed film and full processing
action can be carried on in broad davlight. No rewinding is required
either, as the film comes oft the processor ready to put on a projector,
with the front end and sprocket holes in the correct position. The
processed {ilm winds onto a regular reel at the end of the processor.

Another feature that makes this processor ideal for the small station
is its physical size. It is only 40 inches in overall length, 12 inches wide
(1634 inches with legs), and 40 inches high with legs (30 inches high
without legs). Thus, it is a small, compact unit that can fit into a small
space. No special plumbing is required either, as it can be attached to
running water through hoses.

Film Equipment Costs

Basic equipment is specified here as a starting point. The individual
station will probably expand to meet its own requirements. Benches or
tables are not included, as these may be either home-made or purchased
ready-made.

Film Room

Dynamic rewind with handbrake (Neumade) .. ... ... $ 27.00
Power rewind (Hollywood Film Co.) .. .......... ... ... ... $124.50
Griswold splicer, model R-3 (Neumade) .. .............. ... $ 36.00
Svnchromaster model 161, film timer (Neumade) . . ... ... .. $135.00
Film viewer (RCAY . ... ... . $ 38.50
Spot film cabinet, MM-180-16 (Neumade) ... .......... .. ... $415.00
Feature film cabinet, RK-150 (Neumade) ... ... .. ... ... ... $165.00

Total $941.00
Film Preview Projector
RCA has available three models. Prices given are for the bottom and

top models.

RCA model 400 jr., portable projector, less speaker ... ... .. $385.00

RCA model 400 magnetic, less speaker ... ... ... . .0 .. $754.00

The first model will reproduce optical sound onlv. The last model will
reproduce both magnetic and optical sound, and will also record mag-
netic sound.



FILM 205

Film Camera

Prices of 16-mm film cameras vary considerably, depending on
whether it is silent or sound, optical or magnetic, or both and what you
desire in accessories. Magazine size also affects the price. Many modi-
fied cameras are available, so only a range cstimate of costs will be given.

Sound cameras will run from about $1500 for a 100-foot magazine
to about $4500 for a 1200-foot magazine. Modified cameras with tran-
sistorized amplifiers and 400-foot magazines will average about $3000
after a suitable selection of lenses, tripod, and so forth, are added.

Film Processor

Cramer Model 60-1 (Milsco Mfg. Co.) . ... ... ... . ... $895.00

Chemical kit for 400 feet of processing . ... ... ..., $ 475
Totals

Film ROOM . o oo e B 94100

Preview projector (OPUCALY Sir ax -a - o s T as f e $ 385.00

16 mm1 camera (AVETAZEe) . . . ..ot et $3,000.00

Processor and Kit . ... ... $ 899.75

$5,225.75




Chapter 9
Planning the Building

The basic building plan should rake the future into consideration.
Even when future expansion seems to be a far-fetched tancy, you should
provide for it in your building plans so that expansion may take place
when the needs are pressing and funds available. Each room or section,
although specifically designed 1o fit and meet a present need, should not
be so constructed that it can never be expanded without too great an ex-
pense. However, there is a fundamental mistake that is often made in
this area. Because some future type of operation is planned and de-
sired, temporary, Himsy buildings and facilities are installed in the be-
ginning, with the thought that they will be replaced later. If the expected
revenues do not materialize as rapidly as expected or never reach the
desired level, these inethcient, poorly constructed facilities become per-
manent. Revenues may not reach the expected level for a number of
reasons, such as economic or market conditions, but one such reason
could be the inefficient facilities that have been initally installed.

Plan your facilities so that future operations will be direct expansions
of the present facilities. This doesn’t mean a haphazard growth pattern,
where additions are fit in anywhere as the need for them becomes press-
ing. Future additions should be planned for and space should be allotted
for them trom the start. When this type of planning and construction
of facilities is done, if expected revenues do not develop, an efhcient
tacility will be working for you and not against you, so that vou can be
proud of it even as a terminal facility. Should future additions be made
as planned, there will be no lost air time and no duplication of equip-
ment.

206
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Fig. 9-1. A modern studio-transmitter building. Notice that the roof line
of the studio is higher than the rest of the building.

The plans and equipment in this book have been geared to a mini-
mum operation, small studio originations, one-man control room opera-
tions, and a heavy film schedule. The basic idea has been to demonstrate
what can be done and done well by changing some basic concepts in
station operation.

The technical operations and plant facilities are the core of the station
operation. There must be adequate space in which to keep the technical
cquipment going, plan for its upkeep, and store spare parts.

The basic staple for a non-network afliliated station will be ilm. With-
out a network, the film center takes on great importance. Therefore,
space should be provided for film editing, storing, and projection. There
will be much live ilming, especially of news and other events, which will
necessitate a processing center.

A news center will be of the utmost importance in local programming.
Since small stations cannot expect to compete directly with the larger
market station, viewers must be given something they can get only on




208 PLANNING THE LOCAL UHF-TV STATION

your station, and this product is news of local events and local items
worthy of airspace. It is important to provide adequate space for a live
wire news operation, not just some cubbyhole with a teletype news-
printer and desk.

Programming needs adequate space for traffic and a quiet arca for
copywriters. Copywriters and those who must do creative work should
not be subject to constant interruptions.

Other arcas also need adequate space and some need privacy, so there
should be some private offices. A place for clients to discuss business,
review their prospective spots, view an air presentation, or observe a
film is quite helpful in sales work.

While most of these are basic requirements for a television station,
just how elaborate the beginning design will be will depend upon what is
needed and can be afforded at the beginning.

Types of Structure

Your area and chmate will have a great effect on the final design of the
building. Hot, dusty areas will call for a different style than that used in
cold climates. Masonry is a suitable material in most areas, although
other materials will serve just as well.

The section of the city in which you are located will dictate structural
design and materials. A transmitter building located on an isolated hill
can be purely functional in design without looking nice. However, in the
city, there is a certain amount of prestige that must be maintained.

Some consideration should be given to a two-story plan. A one-story
plan can become so spread out with future additions that efliciency
dwindles and bottlenecks appear. Your original building can be so con-
structed that the footings, sidewalls, and parutions are of suflicient
strength to carry a second floor when later expansion is carried out.

The number of windows and openings will affect insurance premiums
and the appearance of the building. Fewer windows and doors provide
greater safety against theft and break-ins, but will also cut down light
and air. Windows of glass blocks and such materials can be used to pro-
vide light. Outside doors should be provided only where necessary to
maintain the planned efficiency of operation. For instance, props and
products should be delivered directly to the studio from an outside door.

Heating and Air Conditioning

Proper planning of heating and air conditioning both for the be-
ginning and future expansions will pay off in efficiencies in cost and
comfort (with a consequent hetter product).
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The transmitter and other technical equipment give off considerable
heat. Unless this heat can be diverted to the outside in hot summer
months, the control room can become a “boiler room,” with consequent
poor efficiency from personnel and equipment breakdowns. Air con-
ditioning will be of litde help and would probably break down.

Provisions should be made to use this waste heat. In the summer
months, it should be exhausted to the outside with outside air piped in
for equipment cooling. In the winter months, this waste heat should be
exhausted into the building heating ducts and will contribute greatly
in reducing the heating costs. Also, there will be less strain on the heatung
plant. One station using this system was only getting token gas bills each
month. The gas company sent an inspector out to check the meter be-
cause they suspected it had become faulty, since it should be impossible
to heat a building of that size with that small amount of gas. The in-
spector discovered this small amount of gas was only used to heata tour-
car garage with space heaters. Even in the coldest months, the only time
the furnace came on was during the period at night after the equipment
had been shut down.

WBJA-TV in Binghamton, N.Y, also uses this system ot heating. The
station reports that they are located on top of Ingraham Hill, known
locally as “Windy Hill,” and in a completely exposed position. Even
though this scction of New York state has rather severe winters, the
station reports their heating costs are extremely low.

Dusty arcas require some type of air filtering to avert equipment
troubles because of dust accumulation, especially on high voliage points.
One station located in a steel manufacuuring center, where the air is
quite dirty, even added @ device that electrostatically cleans the air with
high voltage.

Treffic Problems

For our purpose, the station’s tratlic means the usual travel of people
and/or equipment from place to place. Thought should be given to the
flow of the product, from the reception by Sales through the Trafhe
Department to Program/Production and, finally, 10 Enginecering. Each
of 1these areas should be located so that much ol the time will be spentin
useful work, not just in walking from place to place delivering materials.
A considerable amount ot this travel can be eliminated by installing an
intercom svstem ol some type, preferably ol the telephone stvle.

Visitors should be able to locate the front entrance with ease. The
author has often had the experience ol going to a strange station where
it was quite difhcult to find aut which was the main entrance. The en-
trance should be clearly marked and visible as soon as someone comes
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up the drive. Otherwise, visitors may come walking into the studio
during a live show or use other entrances into areas where they do not
belong.

Products should be delivered directly to the studio door. For this pur-
pose, a large door or doors should be provided directly off the driveway.
Otherwise, all materials may have to be carried all the way through the
building. These service doors to the studio should be large enough o
drive an automobile into the studio. There will be occasions when vou
will want to do this for commercials or program purposes.

Other Considerations

The placing of the building on the lot can mean cost and future ex-
pansion problems.

The tower will usually be located in the center of the lot; this is accept-
ed practice. This permits the guy wires, if used, to be on your own
property, and if the tower should fall it will land on your property.
There will also be less chance of paint getting on surrounding buildings
and ice falling on neighborhood houses, which will lower the insurance
premiums. Wherever the building is located, it must connect to the tower
by expensive coaxial transmission line. Longer lines have greater r-f
losses.
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Fig. 9-2. Proper tower location in relation to building, parking lot, and
driveway. (This location is in the midwest.)
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City water and gas lines must be extended to reach the building. The
longer these must run, the higher will be the installation cost.

The longer a driveway must be, the higher will be its cost. A long drive
will present high snow and ice removal costs in the winter if you are
located in an area where snow and ice are a problem. The city and high-
way crews will keep the main streets cleared, but you will have to pay to
clear your own. Sometimes it is difficult to get someone to clear the drive
right away, a time lag that may result in stuck cars and traffic jams on the
station property.

Another important point to consider is location of the driveway, park-
ing lot, and building with respect to the tower and falling ice. Falling ice
is usually dependent upon prevailing winds in your area. In the midwest,
the bad, ice-forming weather usually comes from the northwest. Warm-
ing winds from the south or southwest melt the ice and blow 1t off the
tower. Therefore, in this area, the tower should be located on the north
or northeast side of the building, drive, and parking lot (Fig. 9-2). This
will permit the ice to fall harmlessly onto an open field. Falling ice can
put dents in cars, break windows and windshields, injure people, dam-
age the building and roof, and damage the transmission line. Proper
tower location can climinate most of these hazards.

Inside the building, some suitable place should be allocated as a lobby,
even if it is part of the general office. Qutsiders should not be permitted
to wander about the station unescorted, both for their own protection
against injuries and to prevent interruptions to on-the-air programming.
In one radio station, a visitor thought the rear door to the transmitter
was a clothes closet and opened it to hang up his coat. Naturally, this put
the station off the air.

The operating area should have closed doors. Visitors will not open
doors, but if it is just a hallway, they may be inclined to wander around.
Large, felt ropes or even a planter will serve to mark off the lobby from
the general oftice. A TV monitor and scats should also be provided.

A Sample Floor Plan

The floor plan presented in Fig. 9-3 will be suitable either asa starting
point or as a terminal operation if no future expansion is contemplated.
With some modifications, it has been used by an existing uhf television
station in a medium market for the past six years.

The floor plan mayv be reversed in different ways, depending upon
how you wish to locate the building with respect to tower and driveway.
Reversal may be from left to right, so that the tower ison the left and the
driveway is on the right, or reversal may be from the top to the bottom,
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so that the entrance is at the top and the swdio is on the bottom. Ex-
pansion of the building is possible on three sides. The side toward the
tower may be expanded somewhat, depending upon the distance of the
tower from the building. It is expected the tower will be close to the
building, however.

Foundations, sidewalls, and inner supporting walls should be strong
enough to support a second Hoor if expansion is desired in this way.
Although the building has been designed with minimum concepts in
mind, all dimensions may be expanded equally by several feet if more
“elbow room” is desired.

Transmitter

The basic design started with the transmitter. These units will vary in
size, depending upon the manufacturer and power. Enough room is
prepared, so that you may start with a lower power unit and later add the
higher power units with their water cooling devices and transtormers.
This method will not disrupt service very much nor require additional
equipment during the transttional period. Also, the building will need
no additions. The spare areas provided may cither be shut off and un-
used or temporarily used tor storage or other purposes.

Ceiling height near the transmitter will be important, especially 1f
vour transmitter uses klystren tubes. These tubes are several feet long,
depending upon channel. A block and tackle arrangement is the best
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Fig. 9-4.  If the transmitter room ceiling is loo low, a small tower should be
huli to facilitate replacement of kiystron tubes.
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method of changing the tube from the cavity. These tubes are not
changed while in the transmitter itselt. A small area can be set aside for
this changing process, with a small tower built into the ceiling if the
height is not enough (Fig. 9-4). This would be similar to the hose-drying
towers of fire stations.

Control Room

The control room has been designed for one-man operation of con-
trol position, transmitter, and projectors.

The wall oft the hallway is simply a partial wall, only a few fect high,
intended primarily to define a hallway and at the same time to keep
people from wandering into the control room equipment. The part
directly across from the film room is also a film storage area, so that film
to be used can come directly from the film room to this storage area next
to the projection equipment.

N CONTROL
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Fig. 9-5. The floor of the control room should be higher than that of the
studio. Use a ramp instead of steps to connect the two rooms.
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The floor of the control room may be raised about two feet higher
than the studio floor, if desired (Fig. 9-5). This will permit the director
and control operator to see into the studio, even though there may be
several people in the way. Another method for clear viewing would be to
raise the director’s position only. The control room may be on the same
level as the studio floor, but people should be instructed to keep the view
clear. It the two floors are level, construction problems are eliminated
and there will be no need for ramps, steps, and the like.

Engineering Office

Space is provided for engineering work, a drafting board, instruction
manual filing, engineering material filing, and the like, directly off the
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engincering section. The walls should reach the ceiling (at least the one
towards the workshop area) because the other side of this wall should be
used for parts storage in bins and shelves that go clear to the ceiling. The
wall towards the hallway may be a partial wall, although there are times
when quiet and privacy are needed, especially when such work as draflt-
ing and planning is being done.

Workshop and Parits Storage

Space is provided behind the transmitter so that work may be done,
when necessary, on the transmitter. Because of the transmitter’s odd
shape, much of this space would ordinarily be waste space, so it can be
put to other uses. Much of the wallspace is shelved or made into bins for
parts and tube storage and enough room is available for a workbench.

Film Room

The film room is not a large room, but it should provide adequate
space for film editing, rewinding, timing, and storage. Film shipping and
receiving will also be done from here and deliveries can be made near
the rcar entrance. Engineering deliveries and shipping are also handled
from this entrance.

The wall of the film room that faces the hallway is really no wall at
all. 1t is made up of film storage cabinets that have a solid back.

Dark Room

Although the dark room area is small, it should provide room for a
film processor and developing tanks. It is located next to the film room
so that processed film may go directly to the film room for editing. This
room is located between the film room and the rest rooms. This location
provides closer outlets to the running water and drains that are available
in the rest rooms.

Studio

As described in Chapter 3, a 20- X 25-foot staging area, with a
20- X 25-foot camera mancuvering area is provided. The additional
10 feet of space may be used for prop storage. This amount of storage
and studio space will provide the small station with enough area for
some time to come. Should expansion be required, more of the camera
maneuvering area can be used for staging.

A large outside doorway, directly onto the driveway, permits direct
deliveries of props and advertisers’ products to the studio. Eight feet
should be the minimum width of this door, so thatan automobile may be
driven directly into the studio. Several doors of this size are available
and will do a suitable job. Whatever door is used, a good weather-tight
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seal should be provided, so that snow or rain will not run onto the studio
floor. A wet floor will make it difhcult for the cameraman to maneuver
the camera properly. The studio should be above outside grade level and
a ramp provided so that an automobile may be safely driven inside. This
arrangement does not anticipate that deliveries will be made to the
studio during a live show.

There is one other consideration to be made for the studio. Do not
have any roof supporting poles or posts in the area. These will be a
hindrance to show production and maneuvering the camera. Some city
building codes may give you trouble here, but proper supports will per-
mit a ceiling of this width without supporting posts.

The minimum ceiling height should be 12 feet; maximum will be 18
feet. The roof line of the studio may be higher than the rest of the
building, which is often normal practice.

General Office

The office should use glass or plastic partial partitions, so the staff,
especially the copywriters, may work with a greater degree of privacy
and fewer interruptions. Arrangements can be made to suit individual
situations. There should be one partition all the way along one side to
form a hallway from the lobby to the studio. This will allow visitors to
go to the studio without interrupting those working in the office.

Lobby

Glass or plastic partitions are also used to define a lobby. A few chairs
and a video monitor will keep those who are waiting occupied and de-
tain them from wandering. The hallway into the operations center is
also closed with a door for the same purposes.

A desk should be provided at the door, so a girl may act as a re-
ceptionist, even though she may also be doing other work.

Offices

Space is provided for three private offices, with walls that go clear to
the ceiling. This space may be adjusted to desired needs. Two of the
offices are shown with an adjustable folding wall so they may be con-
verted into a large, single room for conference purposes when a larger
group of people are to meet and desire privacy.

Expansion of the office space may take place by adding length to the
building or by adding a second floor.

News Room

The news room is located right off the studio. Depending upon the
type of operation, more efficiency can sometimes be obtained by placing
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this room where the engineering office is. In such an arrangement, the
news room would be right next to the film processing room, where
news film could be processed and then taken directly to the control
room. In such a case, however, some change would be required in the
engineering filing system, because such things as equipment manuals
should be handy to the control room.



Chapter 10
Planning the Layout

General Layout

Power Entrance

Power should enter the building behind the transmitter room. All
power distribution within the building should be made from this point.
The direction of the high-lines and pole transtormer should be such
that they are as far from the guy wires and tower as possible.

When making the preliminary estimates of a-c power requirements,
both for the whole building and for various areas within the building,
allow at least 30% more capacity than is originally estimated. This will
permit later additions to be made without any difficulty.

Circuit breaker panels can be located in different sections of the
building if desired. For example, the office area may have all its lighting
and outlets controlled from a circuit breaker panel in the hallway, right
off the office area. This would permit shutoff of any of the office circuits
without going all the way behind the transmitter.

Power may be run in conduit, armored cable, or nonarmored cable,
whatever is permitted by electrical codes in your area. These will gen-
erally give no problem to the technical operation. However, power that
must run within ducts where audio or other low-level circuits are located
should run in conduit. It would be even better if these did not run
the duct at all, as the conduit can be laid right in the cement floor.

Telephone Entrance

Telephone circuits should also terminate in the area behind the
transmitter. Cables may be run from there to outlets at each point in
the building where a phone may be anticipated. Make this conduit of
large enough diameter so that any future expansion of the system will

219
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permit a larger telephone cable to be pulled through it. Some telephone
systems also incorporate an intercom system, which uses large cables.
It would be well to consult the local telephone company for size. A less
expensive method would be to provide the intercom circuits yourself
and use telephone company circuits only for outside lines. Sometimes
the station can provide all the inside equipment, but, generally, tele-
phone companies will not permit their circuits to be tied to private
circuits. (The intercom circuits referred to here are separate from those
associated with the camera, floor men, and directors, which are used for
communications during a live studio show.)

When the circuit breaker panels are being mounted on the wall in
the power entrance area, insist that the electricians make efficient use
of wall space. Some electricians are inclined to be very generous with
space when placing boxes on a wall. When future expansion does take
place, you will need this additional space.

Insist on a wiring diagram of the completed electrical wiring. Any
good electrical contractor will provide this, with all the circuit breakers
and outlets identified.

If possible, try to balance the power load on each of the legs of the
power input circuit, so that one leg is not carrying more than its share of
the load. This will prevent overheated cables, terminals, and breakers
and will avoid any hum problems that may develop from this source.

Building Ground

A solid copper strap, four to six inches wide, should be laid through-
out the station as a building ground. Everything should be bonded to
this, including the transmission line and tower. This strap should con-
nect to a long copper rod that is driven several feet into the ground. A
good, solid building ground will do much to prevent ground loops, FM
and AM pickup, and other interference problems due to a poor ground
system. A heavy ground should be made from the separate units to the
strap in the racks. If r-f problems are expected to be severe because a
high-power AM transmitter is located nearby, the grounds should be
increased in size (possibly to a 10-inch wide strap for the whole ground
system). A small wire that is used for a ground will sometimes act as an
antenna instead of a ground. The tower should also be grounded by a
copper strap across the concrete piers, which is especially important for
lightning protection. Lightning rods on the top of the tower will protect
the beacon.

Exterior Outlets

Power outlets should be provided at different points outside the
building, using weatherproof outlets. There will be many occasions
when power tools or similar power equipment will be used outside, so
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power should be available. These should be three-wire outlets, so that
power tool and equipment frames will be grounded, protecting the
operator if a short occurs.

Outside lights should be placed in the parking area and main entrance
and around the base of the tower and transmission line. These may be
tied into the tower light photocell relay, so that they come on with the
tower lights. Outside lighting reduces the chance of break-ins and
vandalism around the tower and transmission line.

Heating and Cooling

Heating may be from a central source, using gas, oil, or electricity.
No particular type is superior. Overhead space heaters may also be
used. In the studio, blowers make too much noise to have them running
while a live show is on the air. Since studio lighting gives off a lot of heat,
arrange these heaters so that they switch off when the microphone comes
on. This can be done automatically by connecting the furnace to the
“on-air” light relay.

Heating can be simpler and more effective by using partial walls n
many areas of the building. Different types of heaters may be used in
different sections. For example, the office may use electric baseboard
heaters, while the studio uses an overhead heater and the control room
uses exhaust heat from the equipment. Another heating method utilizes
a furnace in a small partial basement, with ducts to various sections of
the building. The ducts can be laid in the concrete floor while it 1s being
poured. The same arrangement can be used with a hot water system,
with copper pipes laid in the concrete floor.

The heat from the transmitter and other equipment should be ex-
hausted into the building in wintertime so that this waste heat may be
put to use. For warm weather, this heat is exhausted to the outside.
Heating for the building described in Chapter 9 can best be obtained
at the least cost by using small auxiliary heaters in different areas, plus
waste heat from the equipment.

Cooling the building in the summer months may include the use of
air-conditioning equipment. The best method in a new building is a
combination heating and cooling system. This will allow a single, large
heating and cooling unit to take care of the entire building, using the
same air ducts for both functions. A less efficient method would be the
use of small units for different areas of the building. Whatever the
method selected, the heat from the transmitting and control room
equipment should be exhausted to the outside in warm weather, and
fresh outside air should be used to cool this equipment. These units
generate a large amount of heat; to try to cool the air with this waste
heat present will severely tax any air-conditioning system.
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Transmitter

Each transmitter has different dimensions, which depend upon the
manufacturer and the power output rating. Each manufacturer supplies
all the dimensions for his units, along with suggested layouts and ducts.
You are not required to use these suggested plans, but you should ask
the sales engineer if there are any special reasons for their particular
layout.

Once the transmitter and its accessories are selected and your future
power increase is determined, you can plan ducts, transmission line
run, and sideband/diplexer unit installation. From these dimensions,
plan the transmitter and ducts so they will remain permanently in place.
Then later additions will only be required to be installed alongside the
lower powered units. There may appear to be a lot of waste space when
this is done, but it will pay great dividends when future power is added.
This space may be put to other uses temporarily. When this is done,
however, care should be used not to mount permanent fixtures that may
have to be removed later. Such an example would be the filterplexer. If
it is installed in the space for future equipment, the station may have to
lose air time relocating it.

Air Intake and Exhaust

Ailr intake on some transmitters is from the rear through an air filter.
In hot weather, outside air can be brought in for cooling. Otherwise,
ar-conditioned air in the building, will be exhausted outside through
the transmitter. The transmitter will work cooler, to be sure, but it will
severely overtax the air-conditioning unit.

An air duct from the outside should run in the floor so that it appears
directly in front of the transmitter air intake, as in Fig. 10-1. This
method will prevent an overheated workshop, since the area behind the
transmitter is being used for a shop, and the rest of the area will be free
from the clutter of an air duct.

Box the top of the transmitter into an exhaust duct to control the
waste heat (Fig. 10-1). Movable vents or a duct to the central heating
duct should be constructed so that waste heat may be pumped into the
regular building heating system. Shutoff dampers will divert this waste
heat to the outside in hot weather. This outside exhaust will need a
blower at the end of the run or too much pressure will build up, which
will prevent most of the air from going outside. The blower at the end
of the run will keep pressure down and allow the air to move out freely.
Dampers should also be installed in this exhaust line so that the outside
outlet can be closed to prevent cold air coming in when the heat is
ntended to go into the building. Blowers and dampers of this type can
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Fig. 10-1.  With a setup such as this, fresh air isfed into the transmiiter
thmugh a floor duct. Hol air is exhausted outside in warm weather and fed
into the building’s heating system during cold weather.

be wired so that they operate only when the equipment is turned on and
are controlled by thermostats. For manual operation, someone will be
sure to forget to have them in the correct mode.

When waste heat is being exhausted into the building, remove the
outside air intake to the transmitter. This will permit the inside building
air to circulate, rather than warming cold outside air and the trans-
mitter will work better, especially in very cold weather. A vent and
damper system can be arranged with the air intake system to work
automatically and in conjunction with it; when the transmitter is ex-
hausting hot air to the outside, the air intake is getting its air from the
outside and when the exhaust is feedmg hot air to the inside of the
building, the air intake is getting its air from inside the building.

A word of warning might be added here about exhaust blowers. Too
many fans pumping air out of the building will develop lower pressures
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within the building. Consequently, the outside air pressure will force
air inside the building at any point available to it 10 equalize the inside
and outside pressures. This can cause trouble with the exhaust fumes
from the furnace, and ammonia fumes from duplicating equipment and
the pilot lights in the furnace may blow out. The best procedure is to
allow the outside air to enter the building and equalize the pressure, but
in a controlled manner. Using outside air ducts to equipment racks,
transmitter intake, and the furnace will permit air pressure to equalize.

Heat transmission is also involved with higher power equipment that
employs watercooling for the power tubes. The water cooling system
uses a heat exchanger, similar to an air-conditioning system; a blower
forces air across cooling fins to cool the water inside. The heat produced
is blown through an outside vent. During cold weather this vent must
be closed when the equipment is shut down. If it is not closed, the water
will freeze in the exchanger. If it freezes, you won’t be able to get the
transmitter on, because it will not work unless there is water circulating.

Frequency and Modulation Monitors

Frequency and modulation monitors should be located somewhere
near the transmitter. The input signals to these units are uhf carrier
frequencies fed on coaxial, flexible cable. Very long runs of this cable
may lose so much signal that there is not enough left to operate the
monitors. The video modulation, diode monitor is directly mounted on
the transmission line and the demodulated video output can be run a
long way on video cable.

Control Room

Ducts should be built into the concrete floor for all the audio, video,
and control circuit runs, as shown in Figs. 10-2 and 10-3. When design-
ing these ducts, make sure to connect all present equipment and carry
the duct system to other locations where future expansion is planned.
A steel cover or some other sturdy lid should be made for these ducts,
one that fits flush with the floor level and is tight enough to keep out
dirt. It there are ridges or humps on the floor from these ducts, there
will be trouble rolling equipment, such as a scope, into place.

Wiring and cables may also be run on overhead ladders. These pro-
vide less installation problems and permit the wiring and cables to be
readily accessible without tearing up the flooring. They also simplify
construction by eliminating many floor ducts.

When it is necessary for some special runs, such as microphone out-
lets from the studio or power to the racks, conduits can terminate right
in the duct at the point of entry to the individual rack.
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Fig. 10-2. A4 typical floor trench (or duct): (A) Top view. (B) Cross-
seclion.
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Fig. 10-3. The layout of control room equipment. The broad, heavy lines
show the location of wiring ducts in the floor.
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One-Man Control Problems

A one man operated control room requires some deviation from
accepted practices. Therefore, some discussion of the basic require-
ments will make some of the equipment placement problems more
understandable.

The operator must be able to reach all controls from one sitting
position (audio and video switching, remote control of projectors,
stabilizing amplifiers, audio and video level setting and shading, audio
and video monitoring, audio tape, etc.). He can’t do a satisfactory job if
he must be constantly sliding up and down the control position from
audio o video when the equipment is in the standard in-line arrange-
ment. With a U-shaped arrangement all these functions will be within
reach (however, there will be no room for a second operator). The con-
trol operator is also stacking slides and loading projectors, so this equip-
ment cannot be placed in another room. If a film should break or a
slide jam, he must be able to clear it with as little lost time as possible.
Therefore, the projection area is directly behind the operator.

This man is also in charge of the transmitter and the FCC requires
that he be able to see the indicating instruments from the operating
position. Therefore, an unobstructed view of the transmitter must be

AUD10 VIDEO SWITCHER
SWITCHER AND MONITORS
4} 6
[+ [
{1 1 1 [ eoC 0,
0O 0 0 O o) o) [e)
FiLM
CHAIN
CONTROLS \
AUDIO
CARTRIDGE
TAPE UNITS
STUDIO CONTROL /
CAMERA OPERATOR'S
CONTROLS POSITION

Fig. 10-4. The U-shaped control position.
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provided. Frequency and modulation monitors are equipped to use
remote meters connected to them, so that the indications may be read
at some distance from the unit. The transmitter power output reflec-
tometers also have provision for remote meters. Depending upon the
distance of the operator from the transmitter and his position in rela-
tion to it, it is sometimes better to make up a remote metering panel,
which is mounted at the operating position. On this panel will be meters
for the audio and visual transmitter carrier-frequency deviation and
audio modulation, overmodulation lamp, and reflectometers for the
aural and visual transmitter output,

A U-shaped control position is easy to design (Fig. 10-4). Place the
studio and film camera control/monitors on the left side of the U. Place
the audio consolette, video switcher, remote controls, and monitor with
pushbution selectors in front. On the right leg, place the audio tape
equipment.

Projection Center

The projection center should be located only a few feet behind the
operator. Quiet running projectors are a big advantage in this arrange-
ment. Plan for film and slide storage of the material which is to be used
currently in the projection center. A small counter top, equipped with
film rewinds and a splicer will also be a big advantage when a film breaks
and needs speedy repair.

Equipment Racks

Equipment racks should allow enough space behind them so that
maintenance can be carried out without too much difficulty. (Two or
three feet will be sufficient, but if more is available, use it.) The top of
the racks should be boxed into a duct and handled in the same way as
the transmitter to exhaust hot air. The ends of the racks should be
closed off with a door to form a plenum chamber. A tresh air inlet to
this plenum chamber will provide proper ventilation for the racks.

A plenum chamber is simply an enclosed space where air may be
collected and controlled, so that it may be directed from the source of
supply to the equipment. As used with the transmitters and equipment
racks, it is a room built behind the equipment that is used in the place of
air ducts. Actually, this space is walled in from ceiling to floor, with a
door at either one or both ends for easy access to the equipment and
working space. On the outside wall is a ventilator so that fresh outside
air may enter the chamber and at the opposite side are the air intakes of
the equipment. The room must be reasonably tight so that the blowers
within the equipment will pull {resh air in from the outside, across the
room, and into the equipment. If the doors are lett open, the trans-
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Fig. 10-5. A control room operating position designed for one-man con-
trol operation. (WLBC-TV, Muncie, Indiana)
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Fig. 10-6. For the director’s position, video monitors may be mounted
in this fashion on the studio side of the control room.
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mitter room air will be pulled into the equipment also. If air condition-
ing is being used in the transmitter room, the air conditioning unit will
be overworked. No harm will come to the equipment and it may even
function a little better, but the air conditioner would not. To mamtain
proper pressures for proper circulation of air, the outside air opening
should be at least the same size as that in the transmitter itself and
preferably somewhat larger. This will provide an adequate supply of
air. The outside opening should have air filters installed to keep out
dust, dirt, and bugs.

Director’s Position

The director’s position at the window will permit him to keep an eye
on what is happening in the studio. The monitors for this position may
be located on the studio side of the window, either below the eye at an
angle or suspended from the studio ceiling (Fig. 10-6). Overhead moni-
tors are not as easy to view, especially when one has to follow copy
also, and they are difficult to work on. These monitors may be mounted
in the control room if space permits. Normally, these are 17-inch moni-
tors, but smaller 14- or 8-inch monitors may be used if they are closer
and space is at a premium.

Announce Booth

The announce booth is an optional feature. Most of the station audio,
such as station breaks and the audio portions of slide commercials, will
be taped. The booth would then be used only during live shows. How-
ever, this announce position can be directly in the studio without sound-
proofing. Under these conditions, people on the show must become
accustomed to having the announcer’s microphone live when they are
off camera.

Even though much of the audio would be on tape, the announce
booth could be used for making up tapes. This would provide a sound-
proofed area so that tapes could be made up almost any time, regard-
less of what is going on in the studio. This would help scheduling tre-
mendously. For example, the same announcer could also be acting as
director during a live show. It would simplify the operation considerably
if he taped his commercials or other announcements prior to show time.
With the announce booth and its own taping equipment, he could even
tape these announcements while props were being hauled in and set up
in the studio.

If the control room floor is higher than the studio floor, use ramps
to change the level instead of steps. Steps are a nuisance, especially
when it is necessary to roll some piece of equipment from one place to
another.
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Allow enough room around all equipment positions so that test equip-
ment may be brought in for servicing. When equipment fails during
programming, haste must be made to restore the program. Difficult or
impossible working-space at these times can be very frustrating and
delay your return to the air.

A sound lock should be constructed if there will be traflic between
the control room and studio during a live show, otherwise noise and
monitoring will cause feedback on the air. The noise level of the control
room will be rather high, especially from the transmitter blowers,
monitor speakers, and film projection equipment. Since the control
room is not separated from the Alm room by a wall, the film room will
introduce additional noise in to the control room.

Studio

House lighting should be separate from the stage lighting with its
own switches and separate breaker boxes. While Huorescent fixtures
may be used for the house lighting, faulty ballasts may generate noise
to the camera preamplifiers. Fluorescent lighting should not be used
anywhere n the studio.

Stage lighting should enter the studio at one location through circuit
breaker panels connected directly to the power main circuit breaker.
There should not be any other switches along the way. This will permit
control of the studio stage lighting in only these boxes. It is optional
whether these studio lighting boxes are mounted in the studio or in the
control room alongside the director’s position. There are many advan-
lages to mounting them alongside the director, as he can turn on and
off any lighting during a live show for special effects. A small station will
not usually have someone special to do the lighting during a show.

When making stage lighting outlet runs, as recommended in Chapter
3, remember to use wire large enough to carry the light loads that will
be placed on each circuit. This is also true of the breakers for each run.
Since each run has the possibility of several lamps being plugged into
1t at one time, it can be easily overlooked. A single 500-watt lamp draws
4 amperes and it wouldn’t take too many of them to overload a circuit.
Use large enough wire to carry several lamps and then use the correct
circuit breakers for that size wire. Should you get too many lamps on
the circuit, the breaker will open before the wire can be damaged and
you can redistribute the load (Fig. 10-7). This can be a problem, especial-
ly since various wattage lamps will be used in the system and lamps will
be changed from one circuit 10 another quite often as new sets are
arranged.
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20 AMP BREAKER
500W 500w 100w 100W  750W 150w 150W
4.16a + 4.16a +0.84a + 0.84a + 6.25a +1.25a +1.25a = 18,75 AMPS

Fig. 10-7. The current developed across each lamp adds and may soon
overload the circuit breaker.

To simplify the figuring of light load on each circuit, have a chart at
the breaker box position that shows each lamp size by both wattage and
amperage. When someonce makes up a set, it is then an easy matter to
add up the amperage for the run on each individual circuit breaker.
Such a method would make it simple for nontechnical people to make
up a set, instead of trying to teach them to use power formulas.

Stage lighting outlets should also be provided in the camera maneuver
area, even though you will not be using this area for staging at the
beginning. Having the outlets here will allow an occasional use of this
area for staging. If later expansion calls for continuous use of this
area, no new wiring will be necessary.

The microphone outlets should run in conduit and all conduits
should be bonded to the building ground system ground bus.

Heat Exhaust

Much heat is given off when the stage lighting is turned on. This heat
is no problem in the wintertime, but in the hot summer months it can
be very uncomfortable. Air conditioning will greatly alleviate this prob-
lem, but if air conditioning is not used some type of exhaust fan should
be installed to pump this hot air outside. This exhaust fan should be
quiet in operation. Directing a fan onto the set is not satisfactory, be-
cause papers will blow away, exhibits may tumble over, and other similar
problems will occur. Don’t leave the outside doors open for cooling un-
less they are well screened. Otherwise, the studio will fill up with flies,
moths, and wasps. These insects must have a little ham in them, because
they are not usually seen until the show gets going. Then, they are
right on sct, usually in the performer’s face.

Camera Cable

The camera cable can be handled in different ways, as indicated in
Fig. 10-8. A cable receptacle may be purchased and mounted on the
wall, much like a microphone outlet. This outlet uses camera cable back
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into the control room where it has a plug on the end of it to connect to
the camera control unit. Several of these outlets may be provided around
the studio and wired in parallel, although only one camera can be used
at any one time on the control unit. These cables should not be dis-
connected while the camera is turned on, since all the power and control
voltages go through it. Camera cables may be bought in bulk and you can
put the plugs on yourself. The outlets and plugs have metal screw caps
to protect the plug when it is not in use.

M P
STUDIO CONTROL STUDIO CONTROL
ROOM ROOM
g 4
CAMERA CAMERA
WIND
WINDOW CONTROL ow CONTROL
UNIT UNIT
2 bl
CAMERA WALL Y FLOOR| »o | CAMERA FLOOR| »+
CABLE OUTLET - [ CABLE ===
S — E DUCT —— DUCT
FLOOR FLOOR
(A) (B}

Fig. 10-8.  Camera cable connections: (A) Connected to wall outlet; (B)
Run through the wall directly to the control unit.

Camera cable can also be connected by running it through a hole in
the wall between the studio and the control room with no special attach-
ments. In this fashion, the regular camera cable can enter the control
room and plug directly into the control unit. This is an acceptable
practice, but caution must be made to cover the hole so that audio teed-
back and noise does not enter the studio from the control room. The
hole should be large enough for the plug to go through it. An easily-
made, detachable cover will soundproof this hole (Fig. 10-9). It is best to
have this hole open directly into a duct within the control room.

Should the small studio, as described here, be used as a starting
facility for a station in a larger market, where future expansion en-
visions more studios and more cameras, it would be both practical and
econotnical to plan for a camera cable patch panel near the video loca-
tion in the control room. This would permit cameras and control units
to be easily substituted for others in different studios or if one should
tail during a live show.
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COVER CLOSED

LARGE HOLE CAM
THROUGH WALL Cf\\BLEERA

Fig. 10-9. A cover should close off the hole when the cable runs into the
control room.

Video Monitors

A video monitor can be mounted on a dolly so that it may be viewed
from any positiont of the staging area. This is especially helptul when
sets are located against different walls. When the monitor is rolled in
front of the set, the pertormer on set can glance at the monitor directly,
without the viewer being aware of it. Another monitor may be placed
on a high stand or suspended from the ceiling, so that visitors or specta-
tors may view the show on a monitor also. The video monitor mounted
on a dolly is also called a “roll around.” This unit can contain a clock
and a speaker and thereby provide completely portable facilities that
are always in view on the set, regardless of which wall the set is placed
agamst.

For news, sports, and similar panel shows, where only one person or a
few persons sit at a desk or a table, u small 8-inch momnitor may be
mounted at an angle within the desk, so that only the monitor face is
visible above the table top. A small sign in front will conceal it from
camera view and those at the desk will be able to see it. A small clock
may also be mounted in this position.

A ool caddy should be provided for the studio and left in it. It should
contain a few ol the most often-used tools. To prevent these tools from
becoming “lost” with the other station tools, paint them for quick
identification.
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Shop Area

Provide several a-c power outlets at the workbench by using plug-
mold strips. This will prove quite convenient, especially when many
items on the bench need power at the same time.

One or more video cables from the patch panel to the shop will prove
very helpful when it is desired to check out a piece of equipment with
picture and sync. A jones plug to fit a monitor and a cable running to
the power supply racks will also be another big help. Most master moni-
tors and similar equipment do not have internal power supplies, so, to
work on the bench with one, the cable can be plugged into cither a
spare power supply in the rack or the normal power supply for the
unit.

All small test equipment may be mounted on a shelf above the bench,
plugged into a-c power (if they require it). They will then be ready to
use on the bench at any time by merely turning on the power on the
instrument.

It is best to mount the tools on a tool board. You can waste a lot of
time rummaging in a tool box to find the tool you need. Keeping the
tools in the shop area will also discourage others from borrowing them.
Announcers, production people, and janitors have occasion to use a
tew tools, but there are very few of these people who ever bring them
back. When their work is done, they just leave the tools right where they
were working. The few tools these people use on occasion may be pur-
chased and left in their deparunents. (A few different screwdrivers, a
hammer, a saw, and cutters should be sufficient.)

The diplexer/sideband unit will be mounted in this room also. This
may be suspended from the ceiling or positioned on a wooden platform
on the floor. It should never be mounted directly on the floor, because
drafts and temperature changes will cause detuning of the line sections.
Dents in any of the tuned sections can be a serious problem, so it is best
to keep this unit out of the way and piotected from accidental damage.

The most preferable placement for the filterplexer is to suspend it
from the ceiling, high enough so that one may walk under it. Should
trouble develop with the unit and it must be taken apart, the ceiling
mount makes it a more dithcult task. However, there are rarely any
problems with this unit. If it is mounted overhead and out of the way,
it will not only have more constant temperatures around it, but it will
be less susceptible to accidental damage from nonelectronic forces.
This position will also conserve valuable floor space.

The shop area is also a good place to make provisions for changing
klystron tubes, if you use them. As these tubes are several feet long,
a block and tackle suspended from the ceiling is a good method of pull-
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ing these tubes out of the cavity. If the ceiling is high, say 12 feet, there
may be enough room. If the ceiling is low, a simple raised ceiling may
be built to accommodate this operation. If your transmitter uses kly-
strons, either in the present unit or in planned future power increase
amplifiers, consult with the manufacturer to determine just what size
the tube will be on your channel. Then you may plan accordingly.




Chapter 11
Test Equipment

Basic Considerations

You will find different test instruments on the market, some of which
are multiple purpose, while others will serve only specific functions. It
is often tempting to purchase a test set because the sales literature gives
such glowing examples of what it will do. However, many instruments
will serve in only one capacity for the station and the opportunity to
use them may arise only occasionally. If the same tests can be done with
another instrument which is already on hand, even though not as quickly
or easily, serious consideration must be given to the justification for
purchasing a new instrument. Before purchasing any instrument you
should determine if using it is the only way to solve the problem and
how often the problem can be expected o arise.

There will be applications when only a special instrument will do the
work. Even though this work will be infrequent and on a must basis, the
special instruments will have to be purchased unless you can borrow or
rent them for the special occasions. The station’s yearly proof-of-
performance measurements are a case in point. A number of special
test instruments are required to make some of the needed measure-
ments. However, in this area, there is an alternative: the station consult-
ing engineer can make these measurements, as will the service com-
panies of some manufacturers. These people have all the necessary
equipment to make a proof. Of course, these services are not free, but
the fees required are much less than the cost of all the necessary equip-
ment involved.

236
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Fig. 11-1. Test equipmeni is arvanged for immediate use on this typual
workbench. The instruments at the top are used for aligning off-air recervers
and for color. (WLBC-TV, Muncie, Indiana)

Even though a complete proof-of-performance should be done once
a year, many tests should be done on a weekly and monthly basis, just
to keep the station at peak performance.

When selecting test instruments, buy a very good quality product. It
doesn’t cost a4 manufacturer much to enclose an inferior instrument in
a fancy cabinet with a low price tag. Buy the best quality available. Many
good test instruments have a number of additional uses designed into
the basic instrument and you pay for these additional features. In most
cases, all the auxiliary uses will never see action and are a waste of money
as far as you are concerned. Such features are usually superfluous or
duplicate other instruments already on hand. However, when you
are selecting equipment with none on hand, it is well to investigate some
of the multiple-purpose instruments. Quite often, the cost of the single,
multi-purpose instrument will be less than all the individual instruments
purchased separately. For example, there are some all-transistorized
instruments that provide multiburst frequency tones, sine-squared and
window pulses, and stair-step signals, all in one unit. Such instruments
sell for $3000 to $5000, which is less than the total combined cost of the
individual instruments that perform these features.
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Do not sacrifice accuracy for cost. An inaccurate or poor-quality in-
strument is worse than none at all. You will need instruments of de-
pendable accuracy. However, laboratory standards are not needed
either. Such instruments are very expensive and have more accuracy
than will be needed in a station. On the other hand, many of the instru-
ments used by service shops will not be suitable because a broadcasting
station’s requirements are more stringent. For example, all studio video
equipment has a bandpass of at least 8 megacycles, while one would be
lucky to find more than a 3 megacycle bandpass in a home receiver
(excepta color receiver, which must have at least 4 megacycles).

Test equipment should be treated with special care. Many instruments
will be used in all sorts of places about a station while running down
trouble. They are more vulnerable to damage in these instances than on
the bench. Danger of overloads will be more prevalent, especially when
working inside the transmitter with its high voliages.

Test leads and accessories should also be kept in good repair. There
is nothing more frustrating than to be required to fix test equipment
before work can begin. Broken shields, test clips, and ground clips, and
loose knobs all happen with regularity. As each of these conditions
occurs, repair it immediately. The usual intention is to repair these
as soon as possible after the station is back on the air. Somehow, it always
seems difficult to get these small chores done—until the next time the
instrument is needed.

General Station Requirements

Most television stations pursue a vigorous maintenance policy, be-
cause defects in equipment performance are more quickly discernible
to the eye than they are to the ear. Hum is one good example. On a
musical or similar radio program, a hum level of 35 to 40 db down may
be masked out by the program content and not be detected by the
listener. But a small amount of hum in a television picture can be de-
tected almost immediately by even the most inexperienced viewer. This
will be worse if the hum is nonsynchronous, such as with a network
program when it will roll through the picture vertically.

Frequency response is another good example. The audio system may
be off several db at the high end and the only result may be that the
audio sounds a bit bassy. But if the high frequency response is off in
video, the picture will have soft edges or appear to be out of focus. On
the low frequency end, an audio program may sound tinny with poor
low frequency response, while poor lows in video will give rise to black
or white streaking problems, which can be very objectionable.
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Because the maze of technical equipment required to create and trans-
mit video pictures is so complicated, it requires constant attention and
many specialized test instruments to keep it at peak performance. As
is the case with most good, accurate test equipment, video test instru-
ments arc expensive and may quickly be made obsolete by newer
mstruments.

When a test instrument has been made obsolete by a later model that
probably also makes other measurements, it is not useless. 1t will serve
the same purpose as it did before the newer instrument became avail-
able. This happens often because of the rapid progress made in tech-
nological refinements.

The instruments described in this chapter may soon become obsolete,
just as these may have made others obsolete. In many cases, you can
find a good used instrument on the market which is an older model.
With careful buying, you can build up an impressive array of good used
test equipment at a reasonable price, equipment that you may not be
able to afford otherwise, and thus keep your station at a top level of per-
formance. Many of the larger stations periodically update their equip-
ment by purchasing the latest models on the market. Their older model
instruments are then usually available at a reasonable price.

In the area of overall staiion technical performance for the smaller
station, the author would recommend an agreement or contract with
the station consulting engineer, the RCA Service Company, or the field
engineering division of your equipment manufacturer, to make the
yearly proof-of-performance measurements. These people are equipped
with the experience, knowledge, and test equipment to do a complete
proof-of-performance. As you acquire the necessary equipment, and
if your technical personnel are qualified, then your station may start
making the proofs on its own. This method will save considerable ex-
pense, at least in the beginning.

Some very basic equipment should be owned by the station, so that
day-to-day maintenance can be done. This will be with everyday test
instruments such as the multimeter, the tube checker, and the oscillo-
scope. Some system measuring equipment should also be available for
checking the overall audio and video system. The audio system should
be checked for noise, distortion, and frequency response at least once
a month, while the overall video system should be checked at least once
a week for frequency response and the transmitter bandpass. The
author has as yet to see a system that will stay within FCC regulatons
for an entire year without some constant checking of the system during
the year.
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Basic Instruments

Oscilloscope

The oscilloscope is the most indispensable instrument in a television
station. A good scope will help solve half the problems of maintenance.
It will be in use constantly, more than any other instrument, except,
perhaps, the tube checker. The best scope available should be pur-
chased. It should be one designed for television station use. None of
the service-type scopes will be of any real value here, because of their
limitations. A good scope should meet these minimum specifications:
flat vertical response out to 10 megacycles; preamplifiers which will
read very low voltage levels; display of the same polarity voliage on
the CRT as is being measured; stable 60-cycle locking; a delay circuit
so the entire vertical interval may be viewed; a good stable horizontal
oscitlator that will retain a stationary display of one equalizing pulse;
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Fig. 11-2. The Tektronix Type 524AD oscilloscope. (Tektronix, Inc.)
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a held shift switch so the other held may be viewed; a one microsecond
internal marker; an accurate internal voltage calibrator so peak-to-peak
waveforms may be measured; and coaxial input connectors.

One such instrument that meets all these specifications is the Tek-
tronix 524AD television oscilloscope shown in Fig. 11-2. This instru-
ment was designed especially tor television use 0 overcome some of
the limitations of the other scopes. Since it is a large and bulky instru-
ment, a cart, the Scope-Mobile, is available for moving it from place to
place (Fig. 11-3). The scope remains on the Scope-Mobile all the time

Fig. 11-3. The type 500/534 Scope-Mobile dolly for the 524AD oscillo-
scope. (Tektronix, Inc.)
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and is wheeled to where it is needed. A small drawer is available in the
cart so that test leads, clips, and other accessories may be kept handy.

Learning to use a scope will take some time, but it will pay off richly
in shortened troubleshooting time. Most of your difhiculty will be in
learning how to interpret the waveforms that are obtained.

Multimeter

You should have a multimeter with at least 20,000 ohms-per-volt
d-c scales (Fig. 11-4). Accuracy, again, is a must. This instrument will
find use all over the station. It doesn’t take power and is much simpler
to use for wiring continuity and checking resistance and cables or in
the racks, transmitter, and many other places. The case should be Bake-
lite or some other plastic material so that it is insulated.

Fig. 11-4.  The Simpson 260, a 20K ohms-per-volt multimeter. (Simpson
Electric Company)

VTVM

The vacuum-wube voltmeter (vtvm) does have many uses, especially
on the bench, but it is less convenient to use than a regular multimeter.
Because of its very high input impedance, it will find its greatest use
in checking r-f voltages in the transmitter and aligning off-air receivers.
Most vtvm’s have high voltage probes available for measuring power
supplies for monitors. If you have to make a choice between either a
good multimeter or a vtvm, the author would recommend the mulii-
meter. Most vtvin’s use an unbalanced input, with the case tied 10 one
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Fig. 11-5. The Sunpson Model 303 vtum with insulated case. (Simpson
Electric Company)

of the test leads. If you can ebtain an instrument that has a Bakelite
or other insulated case, this would be preferable (Fig. 11-5).

Video Sweep Generator

A video sweep generator is a necessity. It should be one of the larger
TV station models, rather than a service-type instrument. It should be
able to sweep below zero frequency as well as above frequency to at
least 10 megacycles. This instrument will ind many uses in alignment
of the camera preamphifiers, video monitors, cables, etc.

RCA has available a combination instrument which will serve as a
video sweep generator and check the sidebands of the transmitter under
power. This is the RCA Sideband Response Analyzer, model BWU-5B.
It is a rack-mounted unit, but may be carried from place to place when
needed.

Tube Checker

A tube checker is also a must, because you cannot use the tube sub-
stitution method in a system that may have thousands of active tubes.
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A dynamic mutual conductance tube tester (Fig. 11-6) is the only kind
recommended, the straight emission-type testers are too limited in use.
The dynamic type will test tubes under simulated operating conditions.
This method will give a truer indication of tube performance, but it
still has its limitations, because tubes often behave differently when
they are amplifying pulses.

Flg. 11-6.  The Hickok Model 8004 dynamic mutual conductance tube-
transistor checker. (Hickok Electrical Instrument Co.)

Grid Dip Meter

A grid dip meter (Fig. 11-7), although limited in use, will sometimes
be worth its weight in gold, especially when you have trouble in the
multiplier stages of the transmitter or frequency monitors. It should be
an instrument that will work either on a hot or cold circuit. The scales
should be reasonably accurate, and, if you can get it calibrated, so much
the better.

Watt Load and Wattmeter

A small 80- or 150-watt load and watumeter (Fig. 11-8) will find itself
in use quite often when work is being done on the transmitter. With
such an instrument, you can often determine quickly if a particular
stage is operating properly. This unit should have connectors which
mate with flexible cable.
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Fig. 11-7. A megacycle (grid-dip) meter. Note the head that is separate
Jrom the meter case. (Measurements Corp., a division of McGraw Edison)

Grating and Cross-Hatch Generators

A grating generator or cross-hatch generator is quite a useful device.
Without it, it is almost impossible 1o get the cameras and monitors in
correct linearity. Many sync generators have a grating generator in-
corporated within them. These are also available as separate test in-
struments. The RCA TG-2A sync generator contains a grating gen-
erator and supplies two differently sized dots for making convergence
adjustments in color monitors.

Test Film

Test film is available tor checking out the optical system as well as
the mechanical system of 16-mm film projectors. One such film has a
two-tone sound track, known as a buzz track. This permits adjustment
of the position of the sound system for correct alignment. Another
tone test film permits adjustment for best high frequency response.
There are other films available that help check for jitter, wobble, travel
ghosts, and system audio response. Some films contain many such tests
on one film.
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Fig. 11-8.  The Termaline R-F Load and Waltmeter, Model 6150 (150
watt model). (Bird Electronic Corp.)

Special Instruments for Special Applications

Receiver Sweep Generator

A TV receiver sweep generator will help keep off-air receivers in
good alignment it you use an off-air pickup system. These receivers
are manufactured with much tighter tolerances than home receivers.
When buying a generator for this purpose, get the best available. Accu-
racy is very important here.

Marker Generalor

Marker generators, which are very stable, accurate, and crystal con-
trolled, should be used in conjunction with the receiver sweep gen-
erator. Don’t skimp on either of these instruments. An inaccurate in-
strument will only get you into trouble that you may not be able to cure.

Actually, off-air receivers are rugged and seldom need alignment,
unless there have been some major repairs, such as replacing the tuner
or i-f transformers. In these rare instances, it will probably be less ex-
pensive to send the receiver back to the factory for the needed repairs



TEST EQUIPMENT 247

than to invest in the necessary test equipment. Even sending the re-
ceivers back occasionally for a checkout at the tactory will prove less
expensive than the necessary equipment. However, if one has several
receivers in constant use, purchasing the equipment will prove to be the
less costly method.

Linearity, Stair-Step Generator

A linearity, stair-step generator is an instrument for checking sys-
tem linearity, cspecially in the video transmitter power stages. Poor
linearity in a monochrome picture will not be too noticeable, but its
effect will be worse on a color picture. If you transmit color, the linearity
must be maintained within FCC specifications.

A linearity generator may be modified so that a video sweep signal can
be fed into it. This is an excellent method for checking out video equip-
ment without disabling the clamp circuits.

Phase Analyzer

A phase analyzer is important for checking video system phase tol-
erances. Color is especially susceptible to phase changes and the sys-
tem phase must be kept within tolerances. A monochrome system can
stand larger phase disturbances and still be useable. The FCC requires
phase measurements for color stations.

Square Wave Generator

The square wave generator (Fig. 11-9) is an excellent means for check-
ing low frequency response in the video system. Sweep generators are
not accurate below 100 ke, so the square wave generator fills this gap.
The square wave is also an excellent signal for adjusting phase equal-
izers, which are required in a color converted station.

Audio Signal Generator

The audio signal generator is the same instrument found in any
radio station for making proof-of-performance measurements and
troubleshooting and serves in the same category in the aural part of a
television station. The Hewlett-Packard signal generator (Fig. 11-10)
also incorporates calibrated pads within the instrument so that an ex-
ternal attenuator panel is unnecessary.

Distortion Analyzer

A distortion analyzer is the companion instrument to the signal gen-
erator. It measures the noise, distortion, and frequency response of the
audio system. The Hewlett-Packard model 330D, shown in Fig. 11-11,
also has a calibrated, audio vtvim associated with it and calibrated in-
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Fig. 11-9. The Tektronix Square-Wave Generator, Type 105. (Tektronix,
Inc.)

Fig. 11-10. Heuwlett-Packard’s Audio Signal Generator, Model 206A.
(Heuwlett-Packard)
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Fig. 11-11.  Hewlett-Packard’s Distortion Analyzer, Model 330D.
(Hewlett-Packard)
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Fig. 11-12. The Huckok Model 870 Dynamic Beta Transistor Checker.
(Huckok Electrical Instrument Co.)
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ternal attenuators. This is an excellent instrument for accurate audio
level checks.

Transistor Checker

Many new models of video and audio equipment and test instruments
are now being partly or completely transistorized. Depending upon how
many of these you will have in your station, a good transistor checker
(Fig. 11-12) should be obtained. Several sophisticated models are on the
market; many will test the transistor right in the equipment.

Some Testing Techniques

1. Video amplifiers usually have clamp circuits somewhere along the
line. These must be disabled and circuit continuity restored betore
measurements can be made. If a modified stair-step generator is avail-
able, sweep with sync can be ted directly into the amplifier without any
modifications of the clamps and the circuits will operate normally. (Since
most instruction manuals describe how 10 sweep by disabling the clamp
circuits, it would be unnecessary repetition to add it here.) Most cases
of video alignment will not require stage-by-stage checking as in a re-
ceiver. Simply feed the correct level of sweep and sync to the input and
read the output on a scope with the amplifier properly terminated. The
stages are then touched up to make the overall alignment correct. This
is for simple problems. You may also check through the system with a
scope to make sure that no one stage is overpeaked to compensate for a
poor alignment of another stage. Such a case can cause clipping.

A very flat pattern on the scope with an abrupt fall-oft in a response
curve may look nice on the CRT, but unless there is a gradual roll-oft
on the high end, the picture will have ringing, or outlining, or both.

Many recommendations have been made to use a detector for de-
tecting the sweep envelope on the scope. A good scope will not need a
detector because the response of the scope will also faithfully display
the r-f carrier of the sweep voltages. The pattern must be interpreted,
though, because both sides of the envelope will be displayed with the
insides filled with r-f. A detector only lets you see one side of the en-
velope, even though both are present in the system (Fig. 11-13). De-
pending upon polarity anywhere in the system, one side may be over-
loading. It this is the side observed on a detected envelope, it may in-
dicate a perfectly flat response, which just isn’t correct. When both sides
are present on the display, it is very easy to see if clipping is taking place.
The only real reason for a detector is to overcome the poor vertical re-
sponse of service-type scopes, since the detected envelope is only a 60-
cycle waveform.
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Fig. 11-13. A detector may not reveal that the waveform is being clipped
somewhere in the circuit.

2. All video equipment has a coaxial input and output connector,
unbalanced 75 ohms. When checking an individual unit, such as a sta-
bilizing amplifier, the unit should be properly terminated so that levels
and adjustments will be correct. But when you open the circuitand only
have a scope across il, the unit is unloaded and the readings will be in-
correct. This situation may be remedied with a “T” coaxial connector
at the scope and a screw-type termination (Fig. 11-14). This will notonly
terminate the amplifier, but will also provide shielding all the way along
the circuit.

0SCILLOSCOPE

SQUARE WAVE TILTED_|
AND SHOWS HIGHER LEVEL \@
VIDEQ CABLE
/ L o
NOT TERM INATED
(A
0SCILLOSCOPE
SQUARE WAVE | —
FLAT AND LEVEL
CORRECT 75 OHM
VIDEQ CABLE TERM INATION

/

COAX T

(B)

Fig. 11-14. (4) A square wave will be tilted and will read at a high level
when the cable is not terminated. (B) With a screw-type termination and T
coax connector used as shown the wave will appear and read as it should.
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3. An excellent scope cable for test purposes, especially for meas-
uring right in the jack field, can be made from RG-59 coaxial cable. On
one end of this cable, mount a regular male coaxial cable connector.
On the other end, use the plug from a regular video patch cord (Fig.
F1-15). Now you can plug directly into the jack field and will have a
termination available at the scope, if needed. Since you tore up a video
patch cord, you still have one plug left over. Make up another one of
the cables described above. This can be used to feed such things as a
sweep generator directly into the jack field.

REGULAR PLUG FROM

COAXx RG-59 CABLE VIDED PATCH
PLUG @ ; é CORD

Fig. 11-15. A scope cable made with RG/59 coax cable and the plug from
a regular video patch cord.

4. Setting up levels in the audio system or when troubleshooting
usually requires correct measurements of levels. The audio signal gen-
erator is designed to operate into a definite impedance. Wrong im-
pedances can show up as poor frequency response, especially on the
high end, and incorrect levels. All audio amplifiers should be ter-
minated correctly for accurate level measurements. Here again, a couple
of simple home-made terminations will prove quite helpful.

Take the plug off a regular audio patch cord. Across the end, mount
a l-watt, 600-ohm resistor inside the plug. This plug (Fig. 11-16) may
then be readily used in the audio jack field when a termination is re-
quired for test purposes.

PLUG FROM AUDIO

/ PATCH CORD

|

600 OHM
RESISTOR

© ~ I

Fig. 11-16.  An audio termination suitable for use in the jack field made
with a resistor and the plug from a regular audio patch cord.

If there are some spare jacks available in the jack field, another sim-
ple termination may be used. Across the tips of a pair of jacks, mount
a 600-ohm resistor. When a test termination is required, simply use a

patch cord from this set of jacks to the one you want terminated. In
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both above instances, different values of resistors may be used if other
values of terminations are desired. A short may be used across the ter-
minals, should a short test be desired.

If you have a Hewlett-Packard or similar noise-distortion analyzer
that uses banana plugs for the input circuits, another simple terminating
device may be made (Fig. 11-17). One can find a double banana plug in
any parts store. This plug is designed for making up test leads that can
be stacked one on the other. There are solder connections on the out-
side for connecting test leads. Simply solder a 600-ohm resistor across
these terminals. You may use any value desired and make up as many
terminations as you wish, since they are very inexpensive. The plug
terminations are very handy because they may be plugged right into
the banana plug receptacles of the distortion analyzer without moving
the test leads. Thus, you may change terminations at will. Storage is
simple also. Simply plug all the terminations into each other to keep
them from being scattered.

V \BANANA

Ry

Fig. 11-17.  An audio termination suitable for use on an instrument made
from a banana plug and a resistor.

600 OHM __—
RESISTOR

The scope can be a very useful instrument when making audio
measurements, once you have become efhcient in its use. When making
noise and distortion measurements, plug the scope into the scope ter-
minals of the distortion analyzer (Fig. 11-18). Most modern analyzers
use the null method when checking distortion; the fundamental is
nulled out and everything left over is read as distortion. This reading
may include harmonic distortion, 60- and 120-cvcle hum, tube noise,
extraneous noise, etc., but there is no way of determining which.

The scope will show what is present immediately. A high hum level
will read as a high distortion on the analyzer, which it really isn’t.
Another advantage of using the scope under these conditions is when
you are making adjustments to hum balancing controls. You can watch
the hum being balanced out the best way. If the hum is 120 cps from a
power supply, this can easily be checked unit by unit, with a shorting
plug on the input of each unit in turn. The hum will disappear as soon
as the defective unit is passed. This method is also of great assistance
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Fig. 11-18.  The proper setup of the oscilloscope to the “scope” terminals
of the audio distortion analyzer. The scope will show what is present in the
reading.

when making overall noise measurements through the transmitter. A
high ripple from the three-phase power supply will be quite evident
and will indicate where to start looking for the trouble.

6. When making voltage measurements of waveforms, you must re-
member that a scope reads peak-to-peak voltages. Peak-to-peak means
just that, from the highest positive peak to the lowest negative peak.
With sine waves this measurement will be about 2.82 times higher than
that read on a regular RMS reading meter.

7. The scope is a voltage-reading device; a factor which must be con-
sidered when estimating decibels from the CRT. This is especially the
case when making video response measurements. (You can do it, but
remember to use the voltage formula for decibels: mutltiply the log-
arithm of the voltage ratios by 20.)

8. The scope is also an unbalanced input instrument, which must be
considered when placing it across a balanced circuit. It may upset the
circuit or short out one-half of a transformer winding. When measuring
in the transmitter, another hazard can be present due to high voltages.
This would most certainly be the case if the ground clip of the scope
input were placed across a high voltage point. This would place the
cabinet of the scope at the same voltage level as the test clip (Fig. 11-19).
When measuring in the transmitter with the scope, always measure from
high side to ground, through a capacitor, if possible. Make it a rule.
I it is necessary to place the ground clip on a high voltage point to get
a waveform, do not do so; try some other safer method. The voltages
involved could injure you fatally.

The vtvm can get you into trouble in the transmitter in the same way.
It is also an unbalanced input with the ground clip connected to the
instrument cabinet and most vtvin’s have an uninsulated metal cabinet.
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Fig. 11-19. This is a dangerous measurement setup. The ground clip
of the scope is connected to the B+ in the equipment, which places the cabinet
of the oscilloscope at this potential.

Test Equipment Costs

Two groups of equipment are listed below. The basic group should
be in every station and will assist in troubleshooting the day-to-day
technical problems that arise. The second group should be added as
soon as finances will permit, especially the audio generator and dis-
tortion analyzer. The second group will help in keeping a check on the
audio system on a regular basis, as well as troubleshooting audio prob-
lems. Depending upon how much of the equipment in the station 1s
transistorized, a transistor checker is highly recommended.

It the station will be transmitting color programs, there are several
other test instruments that are necessary to maintain the video system
within color specifications. In all cases, individual stations will undoubt-.
edly add different test instruments whether they are color or mono-
chrome only, as it suits their own particular requirements. For example,
a good field strength meter may be a desirable item if there are a number
of complaints from viewers of poor signal strength in their areas,
especially when there should be a good signal at that point.

While certain makes and models of equipment are shown here, others
of comparable quality may, of course, be used. Specific models are listed
to show the particular class of instrument that should be obtained.
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Basic Group

Model 524 AD, Tektronix oscilloscope with Scope-Mobile . ... $1,400.00
Model 1105, Tel-Instruments sweep generator .. ........... $ 770.00
Hickok model 800A, tubechecker . ........................ $ 180.00
Simpson model 260, multimeter ... ........ ... $ 49.00
Measurements Corp., model 59, megacycle meter

(griddipmeter) ......... ... ... o $ 168.00
Bird, model 612, 0-20, 0-80 watt load and wattmeter . . . . ... $ 175.00

Total $2,742.00
Group Two

Hewlett-Packard, model 206A (w/cabinet) audio

signal generator .. ... L. L o $ 900.00
Hewlett-Packard, model 330D (w/cabinet)

noise and distortion analyzer . .. ... ... ... . .0 $ 575.00
Simpson, model 303, vtivm (insulated case) . . . ........ .. $  74.00
Hickok, model 870, transistor checker . ... ... ... .. .. ... $ 138.00
Tektronix, model 105, square wave generator . . . .. ... .. $ 435.00

Group Two Total $2,122.00



Chapter 12
FCC Considerations

On Your Mark

As a broadcaster you will soon be familiar with the role of the Federal
Communications Commission in the affairs of broadcast stations.
Anyone working in broadcasting who is responsible tor the atfairs or the
technical operation of a station should be familiar with the FCC Rules
and Regulations. This includes such people as station owners, managers,
program directors, chief engineers, and others who could make the
station directly responsible for violations of the FCC standards.

Since there are so many aspects of station life covered by the Rules,
it i1s a good policy to have more than one person keep up to date on
them. For example, the station manager or owner can keep close watch
on areas with which they are immediately concerned, such as owner-
ship reports, financial statements, commercial time limits, promise vs.
performance, potlitical broadcasts, and the like. The program director
could be concerned with such things as correct and legal station identi-
fications and be on the lookout for teaser commercials, payola and plug-
ola, guarantees, and so forth. The chief engineer would be concerned
with the technical aspects of the Rules, such as correct technical opera-
tion and proof-of-pertormance measurements and watch for changes in
engineering standards and such things.

When different stafl members “specialize” in the areas that corre-
spond to their particular activity, there will be fewer chances of oper-
ating outside the Rules and getting a notice of violation and, perhaps, a
fine. The author does not wish to imply that you should disregard all
areas but your own. On the contrary, you should be familiar with the
general contents of the Rules and watch your own area very closely.

257
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At least one complete set of the FCC Rules and Regulations should be
available at the station, where all personnel can have access to it. Quite
often, individuals will obtain an incomplete set for their own use and
keep these at home. A copy of the FCC Rules and Regulations may be
obtained from the U. S. Government Printing Ofhce, Washington 25,
D. C. at a nominal fee. These are printed in a volume series, on a sub-
scription basis. They will send you all the rule changes that occur, so
that vour set may be kept up-to-date. The volumes of most interest to
broadcasters will be Volumes [, 11, and I1I, covering parts 0, 1, 2, 5, 13,
15, 17, 18, 73, and 74 of the rules governing the broadcast services.

All of the station’s operating equipment may be purchased in antici-
pation of receiving a Construction Permit (CP). But it may be advisable
to place tentative orders with the equipment manufacturers, rather than
buy equipment outright. In some cases, this will hold the price line in
the event a price rise is imminent on equipment. This may be advanta-
geous, especially if the application must go into a long hearing. Should
the application be denied for some reason, you may losc the retainer
deposited on the tentative equipment order, especially if a price rise had
taken place, or the length of time it was held was abnormal. When ar-
ranging these tentative orders with the manufacturer, be sure to find out
exactly what the terms of the arrangement mean and what happens if
you fail to get the CP granted. Complete understanding in the beginning
can prevent misunderstanding later and hard feelings.

Many FCC rules are clear and implicit, but there are others that are
not very clear at all. You will find some that are only implied and others
that have been rulings in the past. The latter are the ones that give the
station operators the most trouble and warrant the most citations. In all
cases of ambiguity or questionable procedure, get your Washington
attorney’s or consulting engineer’s advice before proceeding. These
people have a more ready knowledge of these former rulings and can
quite often get an unofhcial opinion easily from someone at the Com-
mission when they are in doubt.

One such ruling says that construction may not begin betore a CP has
been granted. Interpretations of this rule have gone so far as to mean
you can’t turn the first shovel of dirt to build the building, the equip-
ment may not be moved into its operating position, nor may any wiring
be run to it. There have been cases where construction had begun prior
to granting of the CP and the FCC would not allow the use of anything

that had been constructed.
Congress has given the FCC authority to impose fines to augment its

authority to revoke licenses or not granta CP. A station can be penalized
$1000 a day for each day an offense occurs with a limit of $10,000.
Should construction have been carried on betore the CP has been grant-
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ed and the FCC discovers this, you may not get the CP at all or you may
be fined up to $10,000, or the station license may be revoked if it has
already been issued. It is best to play it safe and proceed according to
the rules.

Should the decision be made to purchase and accept delivery of equip-
ment before the CP has been granted, let it sit where it 1s. The crates
may be opened and a check made for damage, but don’t inove the equip-
ment into its normal operating position and especially don’t bolt it down
or begin wiring. Actually, this is a good period to look over the in-
struction books and installation diagrams. Measurements may be made
to see if they coincide with published specifications. Often, you may have
overlooked a small protrusion or opening that was not considered when
the original plans and drawings were made. These errors can be cor-
rected on the prints now, before everything gets built up to the error.
One 5-kw radio station built a new transmitter into a wall, boxed it in,
and dressed it up. As wiring proceeded, the Chief Engineer spent many
hours trying to find a main terminal board where all the external con-
trol circuits entered the transmitter. He finally discovered that it was on
the other side of a panel, which was loaded with the large plate con-
tactors, relays, and various control devices. To get to the panel, he was
supposed to take off the cabinet “skin” from the other side. Much to his
dismay, he had built the transmitter tight against an outside masonry
wall.

Owners will sometimes start putting pressure on the chicf engineer
to get started on construction. In most cases, these people are just not
familiar with the FCC rules in this regard.

A time limit 1s specified with each CP, so it is well to try and finish
within this period. Circumstances beyond the control of the station will
sometimes prevent this. In these cases, the FCC will extend the time
limit, providing you apply for an extension. The basic purpose of the
time limit is 1o prevent an applicant from holding a CP without the in-
tention of building, so that a competitor may not have it.

Get Ready

Once the CP has been granted, construction may commence. You do
not have to wait tor the actual instrument of authorizaton, for the FCC
will usually notify the station by telegram that the CP has been granted.
The authorization will come along later in the mail.

A CP looks like a license in many regards but it will say Construction
Permit on the top of it. This instrument will define all the requirements
of site location, studio location, frequency and channel, power, antenna
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height, and height above average terrain. The station must be built as it
is specified on the CP. You cannot alter any of these specifications with-
out the FCC’s approval. For example, your CP specifies a certain make
and model of transmitter with a power rating of 12.5 kw. You discover
that you can purchase a used transmitter in good condition that is a
different make and model and will deliver 25 kw, butcan be run at 12.5
kw. Unless you apply for a modification of the CP to the FCC and get
their approval, you cannot substitute the other transmitter.

While the tower is being erected, the permanent lighting will not be
installed. After construction has reached a height of 150 to 170 feet, de-
pending upon your location, you must mount a temporary red light on
the highest point and it nmust be kept lighted after sunset until sunrise.
Make sure to notify the Federal Aviation Authority (FAA) as soon as the
erectors begin placing sieel on the piers and the tower is starting o be
built. This will put them on notice that a new structure will be appearing
in the air and that air trathc must now avoid it. Keep them posted of
your progress, including the heights attained each day and what type of
temporary lighting is being employed. Let them know when the tower
has reached its permanent height and the normal lighting has been in-
stalled and is in operation.

The FAA control center in your area will be located at the nearest
large airport that is used by commercial airliners. Some smaller cities,
although served by a few airline flights, will probably not have an FAA
center. In this case, the local airport can tell you where it is Jocated. The
reports on tower light outages must be made directly 1o the FAA center,
wherever it happens to be. These reports should be made by telephone,
not in a letter.

Construction may commence and proceed at whatever pace the cir-
cumstances will permit. When you are ready to fire up the transmitter,
however, there are certain precautions that should be observed. Most of
the transmitter checkout should be done into a dummy load and not into
the antenna. Even here, however, trouble may develop.

Spurious emissions may occur from stages that may not be tuned
correclly or because of oscillations, parasitics, or defective shielding.
Should any of these radiations be taking place during normal program
periods of other stations, there may be interference around your area,
depending upon the strength of the radiations. These emissions may be
mterfering with FM sets, TV receivers on both uhf and vhf, and in-
dustrial two-way radio services. Defective shielding or traps may allow
radiation that is harmful to these services. After the transmitter has heen
fired up for the first time, check throughout nearby areas to determine
whether any interference is showing up.
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The experimental period for AM radio is specified in the rules as 12
midnight to local sunrise; for FM the period is 1 am until 6 aM; nothing
is specified for television. The safest method, from an interference
standpoint, will be to use the 1 am to 6 am period for the first applica-
tion of power to the antenna. This is especially true if there is another
TV station in your city that is programming in the evening hours.
Should your transmitter be way oft frequency or radiating spurious
emissions, the other station’s signal may be seriously interfered with.
This is no way to endear your station to their viewers, especially since
you hope they will change to viewing your signals after programming
is started.

Before signal is applied to the antenna, you must notify both the FCC
in Washington, D.C., and the Radio Inspector in charge of your district.
Stmply send a telegram to each of them, stating the date you expect to
begin equipment tests. Do this well in advance of the date you expect 1o
start tests. If the FCC doesn’t want you to puta signal on the air for some
reason, they will notify you by telegram. Equipment test authority is
automatically granted when the CP is granted, so no new request is
necessary.

There is another rule which is not clearly defined, but upon which
most inspectors agree: the operator must be able (o observe the trans-
mitter meters. It is questioned whether this means that he must also be
able to read them. It is safest to assume he should. Arrange the console
and transmitter so that the operator can observe the meters from his
operating position at the console and is close enough to observe if the
readings are deviating too far out of tolerance. He does not necessarily
have to be able, from this position, to determine just exactdly how much
they are deviating. The power reflectometers, frequency deviation
meters, and modulation meters can be remoted 1o the console position
if necessary for good installation circumstances. By doing this, you will
remove any question the inspector may have and avoid later citations.

Once the transmitter room is in reasonable condition, the construction
permit and other FCC telegrams should be hung on the wall. Once test-
ing begins and power is being applied to the antenna, the operator’s
license should also be posted with the CP.

Get Set

A proof-of-performance is required to show that the new station is
pertorming according to the specifications of the CP and that it will
operate according to the FCC’s Rules of Good Engineering Practice.

Few small stations will have all the necessary test equipment to make
all the required measurements for a complete proof-of-performance.
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The station’s consulting engineer, the RCA Service Company, or the
equipment manufacturer’s field engineering department will make all
the necessary measurements for you. Of course, there is a fee for this
service.

The proot must be completed and its date specified in the applica-
tion for station license. Most of the questions in the application form are
self-explanatory, but your Washington attorney and consulting engineer
should review the final form before application is made to the FCC.
Improperly filled-out forms or missing information will usually cause
the application to be returned without action. This will cause unneces-
sary delays before programming is begun.

Once the application for license has been filed with the FCC, you may
apply for program test authority. This authority is not automatically
included in the CP as is the equipment test authority. The request must
be made to the FCC at least 10 days beftore you plan to start program-
ming and you must wait until this authority has been granted before you
may start. Even though a big gala opening is planned, with the Mayor
cutting a ribbon and all the trimmings, unless the telegram is received
which says you can go ahead, you just can’t go on.

At the same time the request is made to Washington for program test
authority, you must also notify the inspector in charge of your district
that vou have done so and that the station stands ready for his inspec-
tion. The inspector may decide to inspect the station immediately or may
wait until a later date. In either case, this will not interfere with the
programming going ahead as planned, unless his inspection tells him
the station is not ready to go on.

Program test authority is just that. It is not a license, although you can
program after it is granted and sell commercial time. The FCC reserves
the right to withdraw the test authority it they have good reason, al-
though this hasn’t been done very often. The time of the test period, un-
less revoked, will run until the license is granted and no new request for
extensions are necessary. This is also true for the CP; it does not have to
be extended during this time.

Go

Now you are in the category of an operating television station and
many day-to-day actions must be made to conform to the Rules and good
engineering practices.

Logs

Daily logs of the station’s operations must be kept by persons com-

petent to do so. There will be three logs: the program log, the operating
or transmitter log, and the maintenance log.
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No special form is required as long as the necessary information, in
legible, permanent form, is given. Logs may be typed, hand-written in
ink, preprinted, or on special automatic logging devices. Signatures must
always be in ink; never use pencil or something that can be easily erased.
If abbreviations or key letters are used, they must be explained else-
where in the log.

Signatures are required in many places, such as in the case of the oper-
ator who keeps the log during his watch. These must be full legal signa-
tures, not just nicknames or initials. For example, a ftull signature would
be James A. Doe, or J. A. Doe, not J. A. D. or Jim Doe.

Any corrections to the log must be initialed and dated, again in ink,
by the person making the corrections. Also, don’t blot out the informa-
tion that has been corrected, just run a single line through it so that it can
still be read. When preprinted logs are in use, trouble often develops.
Before it is used, it is a run sheet, but as the times and program changes
are made to conform with whatactually went on the air, this becomes the
program log. Many times, traffic people will not be familiar with the
FCC rules concerning corrections and, consequently, will make changes
during the day as changes are sometimes required. These people may
blot out the old data, make changes with a pencil, or not initial the entry.
The operator on duty must be careful to see that these changes are made
and logged correctly.

The transmitter log should have all the required readings ot both
visual and aural transmitters on a single sheet. If they are kept on
separate sheets, it might be confusing.

All readings of both transmitters, plus frequency monitors, must be
logged as they are. They should not be logged after corrections for loss
of power, line voltage changes, or other reasons which have caused the
transmitter to be acting abnormally. Commission spokesmen have been
quite firm about this. If one makes the necessary corrections and then
logs everything as being 100% normal, the log is really meaningless,
since it doesn’t indicate the true behavior of the transmitter, which is the
purpose of the log.

I'he maintenance log is a new feature, recently required by the FCC.
It had its origin in the granting of permission to use automatic logging
devices. Automatic logging takes many forms, sucli as roll charts which
are marked by an electronically driven marker, or printing devices. With
such logs there is no place to add all the additional information that is
normally required, other than meter readings. Such things as tower
light inspections, transmitter outages and their reason, and many more
are therefore recorded in a separate log —the maintenance log.

One of the requirements of the maintenance log is that the person
making the entry or the person who performed the action the entry
describes should sign the entry. For example, if the Chief Enginecr
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happens to walk by the transmitter just as the overload relays kick it
oft the air, he obviously will reset and return the transmitter to the air
immediately. Even though another licensed operator is on duty, the
Chief would make the entry in the maintenance log in this instance.

All three logs should be kept for a period of three years. The Rules
specity only two years, but the license renewal application will require
information that will go back through the tull three-year license period.
Station Identification

While there are many points spelled out in the Rules concerning log
keeping, there are 0o many to try and cover in this chapter. The author
would like to point out one area—station identification. The television
rules are somewhat ditterent from radio in this regard.

Station identification means full call letters and location. For example,
“channel 49, Muncie,” would not be an adequate identification, although
it is suitable for other occasions. A full station identification would be
“WLBC-TV, Muncie, Indiana.”

A tull station identification must be made on both the sound and pic-
ture transmitters, at the same time, when the station signs on in the
morning or its regular time and at sign off at the end of the broadcast
day. There should be a slide that gives the full information, plus an
announcement on the sound channel that gives the full information.
These are the only two times in the day when full announcements are
required on both picture and sound transmitters. During the day, the
announcement may be made on the hour on either the picture or the
sound transmitter. (There are exceptions to the hour rule, such as long
speeches, long plays, etc., which are spelled out in the Rules.)

The transmitter must be operated by a licensed first-class radiotele-
phone operator. Anyone may operate the other equipment, but the
licensed man must be in charge of the transmitter and the transmitter
and maintenance logs. He must be working in the transmitter room all
the time, not somewhere else, such as the studio on camera during a live
program. The operator in a one-man control room should have a hrst-
class license and work the control room all the time. The operator’s
original license, as well as the station’s original license, must be posted
in the transmitter room. I{ you are also operating a radio station and the
licensed men work at both places, a photostatic copy ot the operator’s
license may be posted in the radio transmitter room. Any telegrams
which have to do with permissions or other authorizations, while they
are in effect, should be posted in the transmitter room, not kept in a file.

Tower Lighting

At sunset each day, a visual inspection must be made of the tower
lights after they come on. You should not wait too long after this time to
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make an inspection because it may be forgotten and the lights may be
out. Some type of indicator should be mounted in the control room so
that either a visual or aural signal will indicate that the photocell has
operated the lights. This indicator cannot be used for inspection be-
cause it may show that the lights are on when a bulb may be burned out.
It is for your own benefit as well as public safety to have the tower
lighted properly. A tall tower is especially danerous to aircraft. Should
a plane hit the tower, lives will be lost, much damage will occur, and
yvou will probably be off the air for a long time while repairs are being
made. Such damage could entail the purchase of a new tower, antenna,
and transmission line.

When the lights are inspected and a beacon or marker light is out, the
FAA must be notified within one half hour. The lights must be restored
10 normal within 48 hours, unless there are circumstances that prevent
this. The FAA should be notified of such dithculty. Remember to report
to the FAA when the lights are back in normal operation, also. All this
information should be noted on the maintenance log by the person
making the report and signed by him.

Every three months it is required that you make an inspection of all
the tower lighting equipment. This inspection will include a check of the
photocell, relays and their contacts, plus anvithing else that may be
associated with the tower hghting equipment. This inspection is a pre-
ventative maimtenance measure to ensure that the tower lighting will
continue to operate with few outages. This inspection should be noted
on the maintenance log. Remembering to do this every three months
can become something of a problem. Sctting up a schedule to do this
once a month will be more helptul in that you will be less apt to forget it.
It vou fail to make these inspections, you will receive a citauon from the
FCC the next time the mspector is around.

Frequency Checking

Getting the transmitter frequency checked once a month by an out-
side source can sometimes be a problem, especially if there is no com-
mercial frequency measuring company within range of vour signals. In
some cascs, these people will send someone with portable equipment to
the station 1o make the frequency measurements. I you can’t lind some-
one who will do this in your area, then you will need some method of
making the measurements yourself. Sccure a frequency meter of good
accuracy that can be calibrated against WWV, the Bureau of Standard’s
station in Washington, D.C. You may not be able to find a meter that
will go as high as vour carrier frequencies and, therefore, will have to
measure one of the lower frequencies from one of the multiplier stages.
You will find these stages very rich in all sorts of harmonics once you
tap into them. Make certain that you pick out the correct one and also
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remember that the multiplication tactor of the multiplier stage must be
taken into consideration when you compute the final measurement.

Everv six months the reflectometers must be calibrated against a
dummy load. This is the maximum interval allowed by the Rules. The
author would recommend shorter gaps of time, such as three-month
intervals. It is to the station’s advantage that it is radiating the correct
amount of power that is authorized.

Each vear a full proof-of-performance should be made. These meas-
urements are filed at the station and are available for the inspector when
he makes an inspection of the station. One set of measurements must be
made in the four-month period preceding the application for license
renewal. Remember that the date for filing the application is 90 days
before the license expires, so the four-month period should precede
this 90 day period.

Tower Inspection

An inspection ol the 1ower is required once a year. There are many
tower service companies who do this type of work. A climber will go up
the tower and inspect it for defects, weaknesses, and paint chipping.
He wilt change light bulbs, and, it you request it, check the plumb of
the tower with a transit, tighten the guys, and straighten the tower if it is
necessary. A written report will be given to the station at the end of this
inspection. File this report and note the inspection on the maintenance

log.

License Renewal

A license is not permanent, but is issued on a three-year basis and must
be renewed at the end of this period. It is not an automatic renewal; a
renewal application must be filed. These renewal periods are staggered
so that all statons in the counury do not require renewal at the same
time. Sections of the country are divided into groups, which are listed
in the Rules. The renewal date will be shown on the station license.

The application for renewal must be filed with the FCC in Washington 90
days before the license expires.

Preparing the license rencwal application can be a lot of work, espe-
cially if you wait until the last minute to begin its preparation. There will
be all types of questions asked whose answers should give the FCC
enough information to render a judgment on how well the station is
operating, technically and legally, and whether or not it is providing the
service to its community that was promised in the original application
for a license.
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At any time during the license period, if the FCC receives com-
plaints, or the Field Monitoring division inspectors find the station to be
operating out of technical tolerance, or transmitting illegal programs
and the like, the license can be put in jeopardy. If the station is found
guilty of such actions, depending upon how serious the offense is, the
station may be fined or its license may be revoked. When a station loses
its license, it cannot scll out to another party, because there is nothing
to sell, only such physical assets as equipment and buildings. Another
operator cannot buy this equipment and put the station back on the air.
He would have to present a formal application to the FCC, as would
anvone else who wishes to put a new station on the air.

In all such cases of infractions of the Rules during the license period,
the I'CC must prove that the station is operating in such a manner as (0

justify taking such harsh measures. On the other hand, at license re-

newal time, it is the station that must prove that it has operated in the
manner it had promised. Theretore, renewal applications should be
prepared in advance, slowly and carefully. It is well to keep up to date
records on a running basis for such things as the program log analysis,
political files, and other such arcas which would require considerable
file-searching and research when the renewal application is made out.
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APPENDIX A

Things You Can Build for the Studio

You do not need expensive tools, equipment, or materials to build
manpy usable items for the studio at a great savings in cost. The primary
requisite is the mental attitude of doing things your own way. Just be-
cause many things in the industry have become accepted practices, it
doesn’t mean they are suited for the occasion you have in mind. Do your
own experimenting and use the industry practices only when they suit
you; otherwise, discard them.

The examples given here are just that —examples. Consider them an
indication of the sort of money-saving materials you can produce your-
self.

Strip Lights (Fig. A-1)

Wiremold raceway comes in 10" and 20 strips, with cover. The sockets
are separate items you can buy; they snap right into the base of the wire-
mold. The cover strip can be cut to fill in the gaps between the lights.

IVILER i
FLEXIBLE £

Fig. A-1. Homemade wiwre-mold strip lights. (WLBC-TV, Muncie,
Indiana)
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The sockets swivel and can be turned in any direction; they take a
Par-38 or R-40 lamp.

Use regular pipe strap, bolted to the base of the wiremold at each
end. Place large hooks in the studio ceiling or hook the strip light onto
pipes to hang it in place.

Par-38 or R-40 lamps come in both spot or flood styles. The watiage
ratings obtainable are 100 w, 150 w, and 300 w. Use any combination
you wish for the desired results.

Parts required:

#3000B wiremold raceway (with cover), 10-foot length . . . . .. $ 4.42
10 #730 sockets (Swivilier Corp.) .. .. (@%$2.75) . . . . . . .. $27.50
$31.92

Parts can be bought at any local electrical supply house.

REGULAR HEAVY DUTY
WATERPROOF OUTDOOR
LIGHT SOCKET

Fig. A-2. A small, homemade spoilight. (WLBC-TV, Muncie, Indiana)
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Small Spotlight (Fig. A-2)

This is an inexpensive, small spotlight. The fixture is the regular
outdoor type, which is more rugged than the indoor type. It can be
tilted up or down and will take a Par-38 or R-40 lamp. Attach this
fixture to a regular lighting fixture, pipe clamp, which is obtainable at a
stage-lighting company supply house. The fixture itself can be obtained
locally at an electrical supply house.

These make excellent small spotlights for kev and back lighting in
close places.

Parts needed:

Cat. #SLH, Killark Co., outdoor spotlight . ................. $ 2.00
“C” clamp for 2-inch pipe ... ... .. ... ;ﬁ 2.75
$ 4.75

T PIPE CLAMP
REMOVED FROM
FIXTURE

\ 5/8'" STEEL ROD
ADDED TO GET
DESIRED HEIGHT
H OF FIXTURE

REGULAR
2LAMP
FIXTURE

Fig. A-3. A4 light hanger.

Light Hanger (Fig. A-3)

This 1s simply a device for hanging one of the regular studio fixtures,
either a spot or scoop, without additional expensive hangers, such as a
pantograph. The small stub that holds the pipe clamp to the hixture is
replaced by a length of pipe long enough to place the light where you
want it and still have it clamped o the overhead pipes. The longer pipe
is simply a 3% -inch steel rod, which may be purchased at a local machine

shop.
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Fig. A-4. (A) A cue card holder. (B) Mounted on the camera.

Cue Card Holder (Fig. A-4)

This an inexpensive prompter unit. The dimensions shown are for
the nnage orthicon camera. For use on a vidicon camera, some adjust-
ments would be required.

Make the crossarm out of 1% -X ¥ -inch hardwood. The angle
bracket is made of Y-inch steel, bent at a 90-degree angle. Two bolts
are all that are required to mount it to the camera. Mount the bolts so
they projectabove the camera case and are rigid (attached to the camera).
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All you need are two wingnuts to hold the cue card holder o the camera.
Two bolts will hold the crossarm. If you have no machine to bend the
steel, have a machine shop bend it for you.

Bolt large clipboard clips on each side of the crossarm. This will then
hold a card on both sides of the camera. The cards are 22”7 X 28”7 “rail-
road cards,” a heavy signboard materal. These cards are obtainable at a
local paper-supply house. Make sure there is no spotlight behind the
camera when the cue card is being used, as it will cast a shadow on the
scene.

THREADED AND

Y E— FIT 3/4" p1pE
pe=—3tt—=|
PIPE FLANGE
M1CROPHONE
HOLE IN
] TABLE TOP
=
\TABLE TOP
P1PE v PIPE
STuB Lo FrLance

8

Fig. A-5. A desk holder for a stationary microphone.

Microphone Desk Holder (Fig. A-5)

Here 1s a very simple item that will cost practically nothing. Use a
% -inch pipe nipple and a threaded pipe flange. Cut a hole in the top of
the desk, big enough for the pipe nipple to go through easily. Under-
neath the desk top, mount the pipe holder with wood screws. To use
the device, simply screw the pipe nipple into the pipe flange and mount
the microphone on the other end of the nipple. There should be about
three of these on a large desk.

f I
7 FRONT 7 51 J—
| | 112
e |1
CHANGEABLE SIGN SIDE VIEW
FOR FRONT

T~ STRAPS TO HANG

NEWS  |-————- ON STAND

Fig. A-6. 4 copy holder and sign.
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Copy and Sign Holder (Fig. A-6)

This copy holder is quite helpful both to the announcer behind the
desk and to overall scene appearance. It will hold the copy at an angle
for easier reading and also keep it out of view. The stand may be made
from plywood or masonite, or both.

The sign is rigid cardboard, with clips on top so it will snap onto the
copy holder. An alternative fastening method is the use of a magnetic
latch, embedded in the front of the holder that will fasten to a metal
strip glued to the back of the sign. Several signs may be made up for
different occasions, all using the one copy holder.

| p—
) 3RING BINDER

14"

14"

BASE/T\T,\#‘—_N”—"____

Fig. A-7. A flipboard.

Flipboard (¥Fig. A-7)

Another example of an inexpensive, simple device made from scraps.
The board may be made from either masonite or plywood. The snap
rings are from an old, large ring binder.

The whole thing is small enough to set on a desk alongside the an-
nouncer. When he wishes to go to flip charts, the camera can pan to the
flip chart, with the announcer reading the copy and flipping cards as
needed, out of camera range.

APPENDIX B

Modifying the TC-44 Switcher

Even though the TC-4A switcher is no longer available, it is possible
that your installation is already equipped with one or you may buy one
on the used equipment market. If so, there are many modifications that
can be made that will increase its usefulness many times over, convert-
ing it to 4 semi-automatic operation.
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Many of these modifications are applicable to other switchers. The
basic ingredient is a relay system. Audio consoles that use manual
switching, such as the BC-5B, do not allow too much modification,
unless you want to change all the manual switches to relays.

The following points should be considered when moditying switchers:

1. Tally light voltages are available on all video switchers. These may
be 6.3 volts a-c, +280 volts d-¢, or both.

2. Many lap-dissolve faders have limit switches attached to them.
These often have spare contacts available.

3. Be careful not 1o mix voliages (e.g., a 6.3 volt a-c tally light voltage
with +24 volt d-c relay voltages). When such a condition exists, it will
be necessary to add additional relays for “voltage conversion.”

4. Be caretul not to overload the power supplies with too many
additional relays.

ADD
4 NEW
PREAMPLIFIERS
K2
3
N IK4
1> 3
N~ 1K5
N ke
N - K8 5
1 3 |
[8 6 5 4 2 |
TO NORMAL
SWITCHES

K8 5 K4 RK2
A i(’ i Bk ~———ADD 5 NEW RELAYS
+ T t t T -24v DC
| | | | | DISCONNECT OLD
| | | | : WIRES FROM
| : | | | BOTH TERM.

v (ot [t ot 21 AND 23 TERM INAL CONTROL ROOM
| | | | l 21 MUTING RELAY

TJ_ T_n_ TJ_ T_n_ T_J_ o—CoIL
STUDIO MUTING
TERMINAL RELAY COIL
+24vyDC 23

Fig. B-1. TC-44 modifications to add new microphone channels and (o
add new relays so that the new microphone positions will mute the studio
relay.
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1. Providing More Microphone Circuits (Fig. B-1)

Ordinarily, the TC-4A will handle two microphones at a time, because
they appear on opposite sides of the same key (#3). Four microphones
may be used at one time by using TT1, TT2, C Rm, Spare positions. All
four microphones will appear on their own key, which will be the right-
hand position of the switch. A preamplifier will be required tor each
microphone. The preamplitier outputs should be strapped for 150
ohms, unbalanced, to match the switcher. None of these relays will
operate the studio muting relay or air light. To remedy this, the follow-
ing changes will have 10 be made.

Add a wire from each of the following pins of J11 (pins 2, 4, 5, 6, and
8). Run the wire from each pin number to a new relay for each circuit.
The common side of the new relay coil will go to —24 volts d-c. Dis-
connect the wire that normally goes to terminal 21 on the audio block,
which normally connects to relay K6. Also, disconnect the wire that
goes to terminal 23 on the audio block, which normally goes 1o relay K5.

Wire contacts of the new relays in parallel. One side of this wiring
will run to terminal 23 on the audio block, which is the studio muting
relay; the other side of the wiring will to to +24 volis d-c.

The new relays may be mounted in a box or on a strip alongside the
regular relay box within the TC-4A cabinet. Use 24-volt d-c relays.

Throwing any of the microphone keys will now mute the speaker in
the suidio and turn on the *on Air” hight. As the control room with its
transmitter and projectors will be 100 noisy to use a microphone, the
control room speaker muting is not used.

2. Adding Microphone Presets (Fig. B-2)

Any microphone (or all of them), tape machine, turntable, or off-air
receiver audio may be preset, so that the audio circuit will be energized
when the video fader on the lap-dissolve unit 1s operated in a position
that permits the video fader to be faded up. When using this method,
the regular console switch will not have to be operated each time you
wish to turn on a microphone. This modification is an extension of the
previous one.

For each microphone that is to be preset, simply extend the control
circuit for the relay coil (which was added in the previous modification)
through a toggle switch. Tie one side of cach of the toggle switches
together to make a common side. The other side of each switch will go
to the particular control circuit that was extended. The common side of
the switches will wire to the switch located on the video tader of the
lap-dissolve unit. If the lap-dissolve unit does not have plain switch
circuits, but carries tally light voltage, you will need to substitute addi-
tional relays at this point, having coils of the tally light voltage rating;
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(AFTER FADER SWITCH)
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Fig. B-2. TC-4A4 modifications (o add presets. The alternate method
indicates changes possible when tally light voltage is present on the video
fader contacts.

otherwise, the two different voltages will mix and blow fuses. If vou
cannot pick up tally light voltage at the faders, it can be picked up on
the tally lights themselves.

3. Presetting Tape

This modification is the same as 2, except the control circuit is tied
into the film chain video circuit. Normally, audio tape will be used with
slides, so the film chain is the logical place to tie in. Tie the control lead
1o K3, which is the audio relay for remote position, if this is the position
you will use. The connecting point is pin 3 of J11.

4. Tape Cue-Up and Remote Start (Fig. B-3)

A conventional tape machine may be automatically started from the
console. Extend the lead of modification 3 to a relay mounted in the
tape machine, across its start circuit. When the audio circuit is activated
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K3 IN TC4-A TAPE
MACH INE
3 START
! I SwiTcH
20y DC ,[
- — NEW RELAY
r 3 h ADDED TO
| | PRE-SET L B TAPE MACHINE
| | TOGGLE SWITCH Il‘ l
- I | NON-LOCKING
[ 4 1 auxieiary | [ SWITCH ADDED
I | swircH L _J_ _ ] TO CONSOLE
[ | ON VIDEO
L _| FADER

I

+ 24V DC

Fig. B-3. TC-4A4 modifications to add remote start to a conventional audio
tape machine.

in the console, the tape machine will also run. (Cartridge tape machines
use a momentary contact switching action for starting. The control
circuits in the TC-4A are on all the time the circuit is activated, which
would prevent stopping of the cartridge machine.) Add a spdt, non-
locking switch, wired as shown in Fig. B-3. This arrangement will permit
the operator to run up the tape machine until it is properly cued up
without activating the audio circuits in the TC-4A.

5. Turntable Remote Start

A turntable can be started in the same way as a tape machine. Extend
the TC-4A relay control circuit for the position desired to operate a
relav mounted across the start circuit of the turntable. When the audio
circuit is activated in the TC-4A, the turntable will run.

6. Off-Air Audio Circuits (Fig. B-4)

If you have two ofl-air pickups, the network may be brought into the
network and remote video buttons of the switcher. If it is desired to use
only one fader for the audio, a relay can be used to do this. Use a dpdt
relay with a 6.3 volt a-c coil. Connect this coil to the tally light circuit of
the remote position, which is terminal 11 of terminal board P-10B.
Connect the other side of the coil to terminal 24 or to ground. Wire the
contacts so that the number 1 receiver audio feeds straight through to
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RECEIVER RECE IVER
NO. 1 NO. 2
AUDIO AUDIO
OuTPUT OUTPUT
T
4 TO NETWORK
\ POSITION AUD IO
—0—_‘_}_0 INPUT
, i (R

TALLY LIGHT

ADD NEW
%6.3\, ac ~ RELAY
VOLTAGE

[ n 2 |

TERMINAL BOARD
P-108

Fig. B-4. TC-44 modifications to operate two off-air receivers’ audio into
one switch position of the console.

NEW GAIN NEW
CONTROL AMPLIFIER
o o oo /%’ [j—{>—no SPEAKERS
DR e
T_T r_T TJ T_l T_T T_J e
o s gFw W =
£ 8 % egz 2 ¢
2 8 %m — =
&5 =
<L
o
—
FROM
MODULATION «—  |— /?' { {>—>To SPEAKERS
MONITOR - 9-10
31-32 1
REGULAR REGULAR
GAIN MONITOR
CONTROL AMPLIFIER

Fig. B-5. TC-4A modifications lo_separate regular air monitoring so that
it 15 in operation at all wmes. Addition of fader and amplifier so that all
cue positions may be monitored without bothering the vegular speaker system.
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the network audio circuit in its relaxed position. When the number 2
receiver is 10 be used, the remote video button tally light voliage will
operate this new relay, feeding the audio from this source into the same
place as the first receiver.

7. Monitoring (Fig. B-5)

1t may be destrable to separate cueing circuits from the regular trans-
mitter audio monitoring. This would be helptul when it is necessary to
preview something which may take some time when it is not desirable
to have the transmitter monitor oft for a long period. Also, you may not
wish this cueing to be fed on the line to the lobby.

Disconnect wires from terminals 31-32 which connect (o the “trans-
mitter” pushbution. Disconnect wires from terminals 11-12, which go
to the turntable pushbutton. Disconnect regular monitor gain control
from monitor bus.

Connect regular monitor gain control directly to terminals 31-32 on
audio block, which will be the air monitor, now nonswitchable. This
will provide the studio, lobby, and control room with on-air material
and allow cueing on another monitoring system.

Add a new gain control and connect it to the monitor bus. This gain
control should be bridging. Add a 4700-ohm resistor to each side if it is

NORMAL TURNTABLE -7

K2 TO MONITOR
L/\(,IVL:EEPDOSITIONS ALREADY r» BT
Kd
l_ _
[ S
| | KS
L o— ] TIE NEW POSITIONS "TT CUE" MONITOR
—— TO K2, K4 BUS BUTTON
| | Ké
oO—
L
[P S
l [ ke

[ e
L_—— |
TOP CONTACTS
(CUE POSITION)
OF K5, K6, K8

Fig. B-6. TC-44 modifications to pick up cue terminals of relays so that
added microphones may be checked out on the cue system without getting
them on the air.
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not bridging. Connect output of the new gain control to terminals 11-12,
which will now feed the new amplifier and speaker.

8. Microphone Checkout (Fig. B-6)

The additional microphone channels provide no method of checking
out the mikes before use without trying them on the air, which is poor
practice. Two of these circuits will alrcady be wired in to Cue, since they
were originally turntable positions.

On relays K5, K6, K8, in the TC-4A, pick up the unused cue contact
on the relay itself and 1o the turntable cue button. Now all microphones
with the preamplifiers, including the studio announce position, may be
checked out without getting them on the air.

NO. 1 NO. 2
RECE IVER RECEIVER
AUD IO AUDI0
OUTPUT ouTPUT
MON ITOR BUT o
e r— - 10
r 1 [ % > MONITOR
| | | | | | AMPLIFIER
C 1 | :
o e |
RELAY ADDED T
IN MOD IF ICAT ION L —— =
"OLD TRANSMITTER

g, € NET POSITION POS ITION

Fig. B-7. TC-4A4 modifications to wire monitor buttons and both receivers
so that they may both be checked out if one is on the air.

9. Off-Air Receiver Audio Monitoring (Fig. B-7)

If modification 6 has been installed, there will be no way of checking
the audio of the receiver that is not being broadcast. This situation may
be remedied.

Disconnect the cue line from network monitoring- position on Kl,
which goes to Cue button. Wire the network cue button to first receiver
audio before receiver switching relay that has been added. Wire the
second receiver audio, before this relay, to the former transmitter cue
button, which is now spare. This arrangement will allow both receivers
to be monitored separately, using only one audio circuit in the switcher.



Chan. Frequency

No.

© 00~ D LR W

W W W W 82 R RS DO DD DD DD DD DD e et e e = e e e e

Band (MC)
54-60
60-66
66-72
76-82
82-88

174-180
180-186
186-192
192-198
198-204
204-210
210-216
470-476
476-482
482-488
488-494
494-500
500-506
506-512
512-518
518524
524-530
530-536
536-542
542-548
548-554
554-560
560-566
566-572
572-578
578-584
584-590
590-596
596-602
602-608
608-614
614-620
620-626
626-632
632-638
638-644

Video
Carrier
5525
61.25
67.25
7725
83.25
17525
18125
187.25
19325
199.25
205.25
211.25
471.25
47725
483.25
489.25
495.25
501.25
507 .25
513.25
519.25
52525
531.25
537.25
543.25
54925
55525
56125
567.25
573.25
579.25
585.25
59125
597.25
603.25
609.25
61525
621.25
627 .25
633.25
639.25

APPENDIX C

The TV Band

Audio Chan.
Carrier No.
59.75 43
65.75 44
71.75 45
81.75 46
87.75 47
179.75 48
185.75 49
191.75 50
197.75 51
203.75 52
209.75 53
215.75 54
47575 55
481.75 56
487.75 57
493.75 58
499.75 59
505.75 60
511.75 61
517.75 62
523.75 63
529.75 64
535.75 65
541.75 66
547.75 67
553.75 68
559.75 69
565.75 70
571.75 71
577.75 72
583.75 73
589.75 74
595.75 75
601.75 76
607.75 77
613.75 78
619.75 79
625.75 80
631.75 81
637.75 82
643.75 83

282

Frequency Video
Band (MC) Carrier
644-650°

650-656
656-662
662-668
668-674
674-680
680-686
686-692
692-698
698-704
704-710
710-716
716-722
722-728
728-734
734-740
740-746
746-752
752-758
758-764
764-770
770-776
776-782
782-788
788-794
794-800
800-806
806-812
812-818
818-824
824-830
830-836
836-842
842-848
848-854
854-860
860-866
866-872
872-878
R78-884
884-890

645.25
651.25
657.25
663.25
669 .25
675.25
68125
687.25
693.25
699.25
705.25
71125
71725
72325
72925
73525
74125
74725
753.25
759.25
765.25
77125
77725
783.25
78925
79525
801.25
R07.25
813.25
819.25
825.25
831.25
837.25
813.25
84925
855.25
861.25
867.25
873.25
879.25
88525

Audio
Carrier

649.75
655.75
661.75
667.75
67375
679.75
685.75
691.75
697.75
703.75
70975
71575
72175
72775
73375
73975
74575
751.75
75775
763.75
769.75
775.75
781.75
787.75
79375
79975
805.75
811.75
817.75
823.75
829.75
835.75
841.75
847.75
853.75
859.75
865.75
871.75
R77.75
883.75
889.75
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Equipment Suppliers and Manufacturers

(A more complete listing of suppliers and manufacturers can be found

in the proper section of Broadcasting Yearbook.)

Alford Manufacturing Co.

299 Atlantic Ave.
Boston 10, Mass.

Andrew Corp.
P. O. Box 807
Chicago 42, IlL

Automatic Tape Control, Inc.

1107 East Croxton
Bloomington, Il

Behrend Cine Corp.
161 L. Grand Ave.
Chicago 11, HL

Berndt-Bach, Inc.
6900 Romaine St.
Hollywood 38, Calif.

Bird Electronic Corp.
30303 Aurora Rd.
Cleveland 39, Ohio

CBS Laboratories
227 High Ridge Rd.
Stamford, Connecticut

Century Lighting, Inc.
521 W. 43rd St.
New York 36, N. Y.

Conrac Division

Giannini Controls Corp.

19217 E. Foothill Blvd.
Glendora, Calif.
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(Antennas)

(Complete line of trans-
lines,
guide, microwave an-
tennas)

mission wave-

(Audio cartridge tape
equipment)

(Film handling equip-
ment)

(Sound on film camerus)

(Load and wattmeters)

(AGC amplifiers and
specialized audio)

(Studio lLighting equip-
ment)

(Off-air receivers, video
monitors)
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Dresser-1deco Co.
887 Michigan Ave.
Columbus 15, Ohio

Eastman Kodak Co.
343 State St.
Rochester 4, N. Y.

Federal Mfg. & Engineering Corp.

1055 Stewart Ave.
Garden City, N. Y.

Gates Radio Co.
123 Hampshire St.

Quincy, 111

General Electric Co.
Technical Products Dept.
212 W. Division St.
Syracuse 3, N. Y.

Hewlett-Packard Co.
1501 Page Mill Rd.
Palo Alto, Calif.

Hollywood Film Co.
956 N. Seward St.
Hollywood 38, Calif.

Houston Fearless Corp.
Westwood Div.

11801 W. Olympic Blvd.
Los Angeles 64, Calif.

Kliegl Bros. Lighting
32-32 48th Ave.
Long Island City, N. Y.

Milsco Manufacturing Co.
2758 N. 33rd St.
Milwaukee 45, Wisc.

Miratel Electronics Inc.
3600 Richardson St.
New Brighton 12, Minn.

(Towers)

(Film projectors, proc-
€ssors, cameras, etc.)

(Modified sound on
film cameras)

(Complete line of studio
and transmitting equip-
ment for radio stations)

(Complete line of audio,
video, transmitting, mi-
crowave, etc.)

(Station monitor, noise-
distortion  measure-
ments, audio gen-
erator)

(Film handling equip-

ment)

(Camera pedestals,
cradles)

(Studio lighting equip-
ment)

(Film processors)

(Video monitors)
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Measurements Corp.
P. O. Box 180
Boonton, N. J.

Neumade Products Corp.
250 W. 57th St.
New York 19, N. Y.

Plastic Reel Corp.
Box 750
Union City, N. J.

Radio Corp. of America

Broadcast & Communications Prod. Div.
Front & Cooper Sts.

Camden 2, N. J.

Raytheon Co.
1415 Providence Turnpike
Norwood, Mass.

Rohn Manufacturing Co.
P. O. Box 2000
Peoria, Il

Sarkes Tarzian, Inc.
Broadcast Equipment Div.
E. Hillside Drive
Bloomington, Indiana

Spindler & Sauppe
2201 Beverly Blvd.
Los Angeles 37, Calif.

Stainless, Inc.
Third St. at Montgomery Ave.
North Wales, Pa.

Tektronix, Inc.
P. O. Box 500
Beaverton, Oregon

Visual Electronics, Inc.
356 West 40th St.
New York 18, N. Y.
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(Precision instruments,
grid dip meters)

(Film handling equip-

ment)

(Plastic film reels and
reel paks)

(Complete line of audio,
video, transmitting, mi-
crowave, film, etc.)

(Microwave equipment)

(Microwave towers)

(Complete line of studio
equipment, microwave
equipment)

(Shide projection equip-
ment)

(Television towers)

(High quality oscillo-
scopes, test equipment)

(Complete line of tele-
vision station equip-
ment)
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Tower Erectors and Service Companies

Airway Steel Erectors, Inc. RCA Service Co.

735 N. Oakland Ave. Cherry Hill, Delaware Township

Griffith, Indiana Camden 8, N. J.

John F. Beasley Construction Co.  Tower Builders Co. Inc.

P. O. Box 1624 P. O. Box 356

Muskogee, Okla. (Angola, Indiana

Dresser-Ideco Co. Tower Specialties Co.

875 Michigan Ave. 600 S. Summit Ave.

Columbus, Ohio Villa Park, 111

Kentuckiana Tower Service, Inc. Tower Maintenance of Hlinois, Inc.

P. O. Box 96 2248 E. Broadway

English, Indiana Alon, Il

Mid-South Tower Maintenance Co., Inc.
General Contractors, Inc. P. O. Box 246

P. O. Box 2503 Glen Burne, Maryland

West Jackson Station
Jackson, Miss.

Most tower manufacturers usually erect their own towers or have a
subcontractor who will do the work. Tower service companies are lo-
cated throughout the country. Your broadcast equipment salesman can
usually recommend a company in your area.

Trade Magazines

Broadcasting
Broadcasting Publications, Inc. (Weekly: a general news
1735 DeSales St.,, N.W. coverage with other items
Washington, D. C. of interest to broadcasters)

Television Age

Television Editorial Corp. (Weekly: spectal coverage
Publication Office of programming, trends,
Garden City, N. Y. and business aspects ol

television broadcasting)

Broadcast Engineering
Technical Publications, Inc. (Monthly: devoted to the
4300 W. 62nd St. technical aspects of broad-
Indianapolis 6, Indiana casting)
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Broadcasting Yearbook

Published by Broadcasting Magazine (Yearly: complete ftact and
data book on markets, sta-
tions, and  personnel,
equipment manufactur-
ers, etc.)

APPENDIX E
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& Winston, 1953.

National Association of Broadcasters, Inc. NAB Engineering Handbook,
5th Ed. New York: McGraw-Hill Book Company, Inc., 1960.

O’Brien, Richard S. “CBS Television Staging and Lighting Practices,”
Journal of the SMPTE, Vol. 55, September 1950.

Turner, Rufus P. Oscilloscope Handbook. New York: John F. Rider Pub-
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A

A.A.T. (antenna height above average

terrain), 21, 26

Access roads, 7
Acoustics, studio, 45
Adjacent channel stations, 88
Adjacent properties, 4
AGC amplifier, 70
Air conditioning, 209, 221
Air duct, 222
Airport, proximity, 3
Alignment, video, 250
Amplifiers

agce, 70

audio, 70

distribution, 66

Level Devil, 72

monitoring, 68

stabilizing, 64
Amplitude modulation, 90
Announce booth, 229
Antenna charts, use of, 157
Antennas

field intensity contours, 16

GE helical, 169

GE zig-zag, 171

INDEX

monitoring, 68
rates for STL service, 10
studio acoustics, 45
studio outlets, 46
terminations, 252
Audio jackfields, 83
Audio modulating signal, 91
Audio signal generator, 247
Audio tape, 229
cartridge 1ape, 278
Audio terminal block sheet, 80

Aural center frequency, tolerance, 90

Aural modulation, 99
Aural reflectometer, 116
calibration, 116

Aural transmitter, 108

broadbanding, 110
maintenance techniques, 114
modulator-exciter, 108
output, 110

Azimuth, antenna, 156

height above average terrain, esti-

mating, 17, 21, 26
helical, 150, 169
location, 15
maintenance, 178
pylon, 164
radiation center, 22
RCA pylon, 164
required field strength, 16
slotted, 150

suppliers and manufacturers, 283

terminology, 150

transmission line connection,

use of charts for, 157

zig-zag, 150, 171
Aperture, antenna, 151
Array, stacked, 151, 158
Audio

amplifiers, 70

aural transmitter, 108

138

basic control room equipment costs,

86

basic studio equipment costs, 50

cables, 81

control room requirements, 66

in film, 201
microphones, 43
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B

Backdrop lighting, 31
Backdrops, 47
colors of, 47
Backheating, cathode (UHF tubes)
92, 121
Back light, 31
Banana plugs, 253
Base light, 31
Bay, antenna, 154
Beam, antenna, 158
Beam tilt, antenna, 160
Beam width, antenna, 159
Birds’ nests, hilm, 187
Black level, 107, 116
Bleeding lines, 143
Bonding, 83
Box wrench, 137
Breathing effect (AGC amplitiers), 71
Broadbanding
aural exciter, 110
klvstrons, 96
Broadcast antenna towers, 176
Building
airconditioning, 209, 221
hasic floor plan, 211
cost examples, 11, 12, 13
expansion, 206
front entrance, 209
heating, 208, 221
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Building (cont.)
location, 5, 6
planning, 206
structure types, 208
studio, 27, 28
tower location, 210
traffic problems, 210

Building codes, 3, 8

Building ground, 220

Bullet, 127, 136

Burn out (image orthicon), 39

Buzz track, test film, 245

C

Cable
audio, 46, 81
camera, 231
for cavity coupling, 97
conduits for, 219
ducts for, 224
grouping of audio, 83
matching interstage, 118
multiple wire, 81
tor remote pickup, 84
scope, 251
telephone, 219
video, 46, 80
video switcher, 63
Camera accessories, 47
Camera chain, defined, 43
Cameras (see also Film camera, Image
orthicon camera, Vidicon camera)
accessories, 47
basic costs, 49
cable, 231
control room requirements, 54
depth of field, 37
[ stop, 39
gray scale, 39
lenses, 40
lighting for, 31
operator qualifications, 57
patch panel, 232
remote-controlled, 56
selection of, 43
zoom lens, 41
Cathode ray oscilloscope, 54
Cavity circuits, 97, 103, 104
Ceiling height
studio, 29
transmitter, 213
Center frequency of aural, tolerance,

Channel assignment, |
Cholorothene, 192
Chopper, 100
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Circuit breaker boxes (studio), 230
Circuit breaker panels (building), 219
Citations, FCC, 258
Clamping (TTU-1B), 107
Claw, projector, 75
Clock, studio, 47, 233
Coaxial cable, rf, 103
maitching, 118
video, 81
Co-channel stations, 88
Collector, 96
Color coding tools, 233
Color programming, future plans, 81
Combined studio-transmitter, 8
Communications Act, 1
Complaints, 267
Compound markets, 17
Construction permit (CP), 258
display, 261
time hmit, 259
Contour intervals, 18, 20
Contour lines, 18
Contours
field intensity, 16
map lines, 18
Control room
audio consolette, 66
audio requirements, 66
camera systems, 54
control position, 226
engineering, 79
film and shide equipment, 74
instrument monitoring, 227
layout, 214 '
projection center, 227
tape machines, 71
video requirements, 54
Costs
antenna, 182
building (examples), 11
camera tubes, 40, 43
color camera wubes, 40
control room equipment, 86
do-it-yourself spotlight, 271
do-it-yourselt striplight, 270
film equipment, 204
film processing, 201
film projectors, 75
film reels, 193
microwave, 9, 10, 11
studio equipment, 49, 50
studio transmitter links, 9
telephone company microwave, 10
lest equipment, 255
tower, 174, 182
transmission line, 146
transmitter, 125
Coupling, cavity, 98
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Coverage arcas, 3
estimated coverage, 17
true coverage, 16
Coverage estimation, 15
Cross-hatch (grating) generator, 245
Crystals, transmitter, 91
Cue card holder, 47, 272
Cue marks, film, 197

D

Duamage, film, 184
scratches, 187

Damper system, 223

Dark room, 215

Dbu, 15

Defect suppression, film, 75

De-icing (see also, Antennas, VSWR),
133, 157, 167, 171

Depression angle, 162

Depth of ficld, 37

Dectector, diode
ioring), 100

Diplexcr, 113

Dipole antennu, 158

Directional coupler, 100

Directionalizing, antennas, 154, 171

Director’s position, 229

Distortion analyzer, 247

Distribution amplifier, video, 66

Dolly, 233

Drainage, land, 4

Drapes, 49

Dry air pump, 142, 143

Ducts, wiring, 79, 224

(transmitter mon-

Effective radiated power (ERP), 132,
154

EIA flunge, 131

Elbows, mitered, 127

Electrical beam tilt, 154

Electronics  Industries
(EIA) standards, 131

Elevations, topographical, 18

Envelope, sweep, 250

Fquipment test authority, 261

Equipment tests, 261

Estimated coverage pattern, 21

Exhaust tumes, 224

Expansion plans, 4

studio, 28

Assoclation

F

F(50,50) chart, 16, 23
use of, 23
FAA Control Center, 260, 265
Falling ice, 211
Federal Aviation Authority (FAA), 3
Federal Communications Commission
(FCQ), 1, 257
FCC field monitoring division, 267
FCC Rules and Regulations, 1, 257,
258
meanings, 258
Feedpoint, antenna, 157, 165, 171
Field lens, multiplexers, 61
Field strength, required, 15
I(50,50) chart, 24
Iilament taps, changing, 121
Film
birds’ nests on, 187
cameras, 58, 200, 205
circulation, 184
cleaners, 190
cleaning, 191, 192
damage, 184
dark room, 215
equipment, 194
green, 189
ardeners, 190
inspection, 185
jitter, 189
making, 198
monitoring, 64
previewing, 59, 185
processors, 202
projection center, 227
projector location, 226
projectors, 74
reels, 192
room, 215
scratched, 187
scratch ¢limination, 75
splicers, 197
storage, 197
uner, 195
viewers, 195
wobble, 189
Filin cameras, 58
chains, 58
field lens, 61
multiplexers, 60
opaque projector, 61
synchronizing generator, 61
video switcher, 62
Film projectors, 74
Film room, 215
Filterplexer, 113, 116
temperature changes, 114
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INDEX

Fines, FCC, 258

Fixed base tower, 176

Fixed lighuing, studio, 32, 34
definition, 35, 87

Flats, 49

Ilexible line (heliax), 125

Flipboard, 274

Floor plan, basic, 211

Fluorescent lighting, 230

Focusing plates, 94

Footage minding, 202

Foot-candle readings, 31

Frame, film, 202

Frequency check, 265

Frequency meter, 120

I'requency monitor, 224, 226

F stop, lens, 39

G

Gas blocks, 142

Gas supply, 143

Ghosting, 5, 157

Ghosts, 133

Grade A and B signals, 23
Graticule, 100

Grating (cross-hatch) generator, 245
Grav scale, 39

Grid dip meter, 243
Ground, building, 83
Ground rod, 220

H

Hand tools, film, 197

Harmonic filter, 114

Heater elements, 180

Heliax transmission line, 128
Helical antenna, 150, 169
Horizontal pattern, antenna, 156
Horizontal run, line, 144

House hghts, 30, 230

Ice effects, 180
Ice fall, 148
Idiot cards, 47
Illegal programs, 267
Ilumination (incident light), 30, 31
Image orthicon camera
basic costs, 50
burn out, 39
in camera chain, 60
control room requirements for, 54
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lenses, 40
orbitor, 40
Image orthicon tube,
burn out, 39
Instruments, basic
gencrator, grating and cross-hatch,
245
grid dip meter, 244
mulumeter, 242
oscilloscope, 240
tube checker, 243
video sweep generator, 243
vivm, 242
wattmeter, 244
Instruments, special
audio signal generator, 247
distortion analyzer, 247
linearity, stair-step generator, 247
marker generator, 246
phase analyzer, 247
receiver sweep generator, 246
square wave generator, 247
transistor checker, 250
Insulation, plastic, 81
Intercom system, 220
Interference, 260
directional antennas, 155
off/air pickups, 72, 123
spurious emissions, 91, 99
Intermittent mechanism, projector, 75

37, 39, 40

J

Jack fields, 152
Jacks, video, 46
Jiter, film, 188, 189

K

Klystron wubes, 92, 94, 95
ceiling height required, 213, 235
changing, 96, 234
description, 94
ctheiency, 96
water cooling, 96

L

Lag, vidicon tube, 39, 43
Lap-dissolve, 62

Lavalier microphone, 43
Lease, property, 4

Lens cap, electronic, 57
Lenses, 37, 40, 41, 42
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License, 266
application filing time, 266
display, 261
renewal, 266

Licensed operators, 264

Light
iack, 31

backdrop, 31
base, 31
fixed, 35
incident, 32
key, 31
Lighting
back, 31
backdrop, 31
base, 31
effects on camera selection, 43
fixed, 356
floor plan chart, 35
house, 30, 230
intensities, 31
key, 31
load distribution, 231
measuring techniques, 32
personnel, 37
set chart, 36
Lighting controls, pre-set, 34
Lighting equipment inspection, tower,
265

Lighting fixtures, 30
dimmer, 34
do-it-yourself spotlight, 270
do-it-yourself striplight, 269
grid, 34
hanger, 271
pantograph, 34
Light meter, 31
Lightning protection, 177
Line, transmission (see Transmission
lines)
Linear amplifier, transmitter, 105
Linearity (stair-step) generator, 247
Line gas pressure, 141
Line nstallation, planning, 138
Line shelter, 143, 144
Live programs, 27
Load and wattmeter, 244
Lobby, building, 211, 217
Lobe, 153
Local channel, 10
Logs
maintenance, 263
making corrections, 263
program, 263
retaining, 264
signatures, 263
transmitter, 263
Low pass filter, 112
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M

Magnetic sound, projector, 77, 78
Magnetic sound tracks, 201
Magnetic stripe, film, 186
Maintenance, 238
antenna, 178
film, 190
overall, 239
projectors, 193
proof-of-performance,
239
RCA Service Co., 78, 181, 193, 239,
262
test instruments, 240, 246
tower, 178
tower painting, 177
transmitter, 28
Maintenance contracts
antenna and line, 181
film equipment, 78
overall, 239
projectors, 193
Marker generator, 246
Market area, 1
Mechanical beam tilt, antenna, 154
Metropolitan arcas, coverage, 16
Mica insulators, 104
Micro-match, 118, 119
Microphones, 43
lavalier, 43
outlets, 45, 81
pre-sets, 276
Microwave links, 5, 9
Microwave reflectors, 177
Mike boom, 43
Modulation, visual, 90
Modulation monitor, 224, 226
Modulator (TTU-1B), 105
aural, 108
Monitoring
audio, 68
tilm, 64
placement of monitors, 227, 229,
233
transmitter, 99
video, 63
vswr, 181
Multimeter, 242
Multi-path (ghosting), 5
Multiplexer, 58, 60
accessories, 61
field lens, 61
Mulupliers, transmitter, 91, 103, 108,
120
changing, 123

181, 236,
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N

Negative capacitor, 107
Negative film, 202

News center, 207

News rooms, 217, 218
Nitrogen gas, 114

Noise, film sound tracks, 78
Noisc-distortion analvzer, 253
Noise level, 71

Notch filter, 112

Null, 158

o]

Off/air pickups, 72
alignment instrument, 246
antenna used, 72
audio circuits (TC-4A switcher), 278
ermission required, 72
Offices, 217
Oiling film, 187
Operator license display, 261
Optical sound, projector, 71, 78
Optical sound tracks, 201
Orbitors, camera, 40
*O” rings, 136
Oscillators, transmitter, 102
Oscilloscope, 240
testing, 253, 254
Outlets
audio, 46
studio, 45
video, 46
Outside lights, building, 221

P

Pan and tilt assembly, 56
Pantograph, 34
Parallel lines, 103
Parasitics, 92
Patchboard, audio, 46
Patch panel, lighting, 35
Peak-to-peak measurements, 254
Pedestal, camera, 43
Personnel
announcer, 229
cameraman, 57
for combined studio-transmitter, 9
control room engineer, 53
director, 229
facilities for, 7, 206
lighting, 37
one-man control, 226
tower climber, 179

293

transmitter operator, 7, 264

at transmitter site, 7
Phase analyzer, 247
Phase equalization, 112
Pipe hangers, backdrop, 49
Pivot base tower, 176
Plenum chamber, 227
Political fles, 267
Polyethylene, 131
Population centers, 3, 4
Positive film, 202
Power, maximum radiated, 89
Power gain, antenna, 153
Power rating charts (line), 134, 135
Power rewind, 194
Power supplies, 66
Power transtormers, building, 219

entrance, 219

load balance, 220
Power tube testing, 122
Pre-printed logs, 263
Pre-tuned cavity, 96
Previewing, 59

film, 185
Principal community, 3, 17

required signal, 16, 21
Prisms, multiplexer, 61
Processing fim, speed, 203
Protile construction, 17, 19
Program log analysis, 267
Programmin

remotes, 8

scts, 35

types, 27, 53

typical small-market, 53
Program sources

film, 58, 74, 184, 198

live, 27, 53

off/air, 72

remotes, 83

slides, 78
Program test authority, 262
Projection area, 226

center, 227
Projector, film, 58, 74

continuous, 74

intermittent, 74

magnetic sound, 77, 78

maintenance, 193

optical sound, 78

preview, 198
Projector, opaque, 61
Projector, slide, 58, 78
Proof-of-pertormance, 257, 261, 266

measurements, 236
Props, 28, 47

colors, 47
Pylon antenna, 174
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Q

exciter circuits, 110
Q, tilterplexer sections, 114

R

Racks, equipment, 82, 227
a-c outlets, 82
Radial, 21
Radiation center of antenna, 22
Radio inspector, 262
Radome, 166
Ramps, 214, 229
RCA Service Co., 78, 181, 193, 239,
262
Recording booth, 71
Reels, plastic hlm, 192
Reflected wave, 100
Reflectometers, 111, 227
calibration technique, 114
FCC required calﬂ)ralion, 266
Remote control, projectors, 78
Remote meters, 227
Remote pickups, 56
examples, 83
Reversal film, 202
Roads, access, 7, 9
Rules and Regulations ot the FCC, 1,
15

waivers, 8

S

Screen control, 4X150 stage, 124
Separation, between carriers, 90
Serrasoid modulator, 110

noise pickup, 124
Set building, 49
Shadow areas, 4, 6
Shielded pairs, audio, 46, 81
Shutoft dampers, 222
Shutter, projector, 75
Sideb;m(g, 112
Side-fire radiation, antenna, 154
Side mounting, antenna, 176, 177
Silicone grease, 136
Site selection, 1

alternatives, 5

basic factors in, 3

examples, 11

location setups, 5
Skew-ray plate, projector, 75
Skids, projector, 187
Skin effect, 97

PLANNING THE LOCAL UHF-TV STATION

Slot covers, 179
Slotted antenna, 150
Soil samples, tower base, 176
Sound
magnetic, 77, 78, 201
optical, 201
Sound lock, 230
Sound tracks, 201
Splicers, Ailm, 197
Split bullet, 181
Spotlight, 271
Spring contacts, 104, 117
Sprocket holes, damaged, 188
Sprocket shoes, 190
Spurious cmissions, 91, 99, 260
Square wave generator, 247
Stabilizing amplifier, 64
Stage lighting, 230
heat, 231
Stage oscillations, 120
Staging area, studio, 27, 45
Stair-step (linearity) generator, 247
Standards of Good Engineering Prac-
tice, 1
Station identification, 264
Station inspection (FCC), 262
Steeplejacks, 135
Striplights, 269
Studio
basic, 27, 215
cooling, 231
expansion, 232
floor covering, 45
outside door, 30, 210
wet floor, 217
Studio transmitter link (§STL), 6
rates for service, 10
Sulfer-hexafluoride gas, 114
Sweep generator, video, 243
receiver, 246
Switcher, video, 62
Switcher (TC-4A), 62, 274
Sync generator, 56, 61

T

Table of Assignments, 1, 88

Tape machines, audio, 71

“T” connector, coaxial, 251

Teflon line, 127

Telephone circuits, 219

Telephone company microwave, 10

Terminated cables, 251

Termination, screw type, 251

Test equipment (see also Instruments,

basic, Instruments, special), 236

accuracy, 238
filin, 245



Testing techniques, 250
Test lead repair, 238
Tool board, 234
Tool caddy, studio, 233
Topographical maps, 18
Towers
bases, 176
cost example, 182
design, 138
determining height, 23
ercction, 260
erection hazards, 4
FAA considerations, 3, 260
galvanizing, 177
guyed, 175
mspection, 266
insurance, 4
lighting, 3, 260, 264
lightning protection, 177
location, 4, 5, 210
maintenance, 26, 178
maximum height, 89
painting, 177
radio, 176
self-supporting, 176
soil testing, 176
special lighting, 3
windloading, 177
Transformer vault, 107
Transistor checker, 250
Transit time effect, 92
Transmission lines
air pumps, 142
antenna connection, 138
bleeding, 143
bullet, 127, 136
clamps, 139
contraction and expansion, 139
cost estimates, 146
cutting, 136
diameter, 132
efhiciency, 132
clbow, 127
flexible, 128
gas block, 142
gassing, 141
Eas supply, 143
andling, 135
hangers, 139
heliax, 128
icing, 143
length, 132
line shelter, 144
losses, 25, 127, 132
planning installation, 138
protection, 137, 143
ratings, 133
selecuon, 131
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size, 132
teflon, 127
vswr, 133
waveguide, 145
Transmitters
air intake and exhaust, 222
aural, 108
ceiling height, 214
combined with studio, 8
cooling, 209, 213
layout, 213, 222
and line size, 132
links with studio, 9
maintenance, 28
modifications, 123
monitoring, 99
remote control, 7
separate from studio, 5
tubes, 92
uhf features, 91
vestigial sideband flter-diplexer,
112
video requirements, 111
visual, 102
Traveling wave principle, 171
Traveling wave tube, 108
Trench, 82
Tube checker, 243
Twistlock plugs, 35, 82

u

UHF
antennas, 149
audio requirements, 66
channels, 88
compared with vhi, 5
control room engineering, 79
equipment  suppliers and manu-
facturers, 283
power, 89
propagation problems, 3
separation, 89
special transmitter features, 91
transmission lines, 127
transmitters, 88
tubes, 92
video requirements, 54, 111
Unity vswr, 134
Universal line, 125
Unwanted coupling, 99
U-shaped console, 226
Uualiues, 7, 9
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Vv

Vacuum tube voltmeter, 242
Variable voltage capacitor, 111
Velocity modulated beam, 96
Vertical pattern, antenna, 156
charts, 159, 163
VHF reception, 5
Video jackfields, 83
Video levels, standard, 81
Video response pattern, 250
Vidicon camera
basic costs, 50
in camera chain, 60
control room requirements for, 54
lag, 39
lenses, 42
Vidicon tube, 39, 61
lag factors, 39
sensitivity, 43
Viewers, film, 195
Violation, notice of, 257
Visual reflectometer, 115
Voltage conversion, 275
VSWR, 98, 119, 131

w

Water cooling
power tubes, 224
transmitters, 213

Wattmeter, 244
Waveform monitor, 54
Waveguide, 145
WBJA-TV, 11
Well water, filtering, 7
White stretching, 111
Windloading, antenna and tower, 166,
177

Windows

klystron tubes, 94

slotted antenna, 166
WLBC-TV, 14
Wobble, film, 188, 189
Workshop, 215

area, 234
WTAF-TV, 12

Y

Yagi antenna, 72

z

Zig-zag antenna, 150, 171
Zones, 88
Zoom lens, 41



