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Preface

The day of the small-market, uht relevision broadeast station — the
television counterpart of the locat radio station —is here. An awihening
mterest on the part of the television audience and industry in this area
ol broadeasting is slowly but surely gaining momentum. Fhe number of
construction permits issued by the Federal Communications Connmis-
sion to build uhf stations is steadily increasing. The all-<channel TV re-
ceiver, whose construction is required by faw, will permit the public 1o
view both ubfand vhi channels withont additional modifications to thejr
setse Many of the stations now going on the air will have no network
afliliation, but will program according 1o the needs of their communi-
tes. As more and more outlets take the air, it s entirely possible that
another network will be formed.

This book is an etfort to make available to vou the author's experience
ol a number of vears in the technical operation of a small-marker, uhf
TV station. T'he intormation contaimed 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 anvone
else who s mterested i this medinm, recognize some of its limitations
as well as its potential.

Television broadcasting equipment is a highly technical complex.
More nme, 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 Tmitations. 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, lavout, and building costs are detailed for the mini-
mal working budget. The information contained here will certaindy
save you money and time and will increase vour competence and con-
fidence.
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Theory and technical explanations have been avoided deliberately.
All of the mmformation 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are given where possible even though they may soon be out of date.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 von work out your own cost
estimates.) Technical charts and tables are included so that you may
have some idea of their function and use. The actual work of deter-
mining coverage, figuring antenna height, ete., will be done by your con-
sulting engineers.

A partial listing of equipment manufacturers, tower companies, and
trade magazines is included in the appendix. Anv of these organizations
will be happy 1o give vou 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 o operate in some
partcular city because he likes the market and then proceed 1o build a
station. I such were the normal procedure, there would be so much
mterference among stations that few, it any, could provide a suitable
signal over any given market. Recognizing this problem in the very
carly dayvs of rvadio broadeasting, the United States Congress passed
radio Laws, now known as the Communications Act, 1o regulate the use
of the airways. The Federal ageney set up o administer and enforce
these faws s the Federal Communications Commission (FCC). Al
radio and television stations live and operate 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 13-mile radius of any such community).

You should also be reasonably sure of what vour organization pro-
poses 1o do intelevision, both for the present and on a long-range
basis. Most of the smaller-market uhf TV stations should begin on u
small scale, performing an adequate service for their immediate market”
arca, just as small radio stations have achieved their own level of per-
formance according 10 their own market arca! ‘I'rving to imitate the

Y Market area and population center, as used in this ext. are not synonyvmous terms. Popu-
Lion center indicates villages and commmities with i legal and political status and, in
many cases, the sububs that have deseloped iround these communities. Market wea
reters o am geographical areain which the residents fook upon a karger nearby wown or
citv as the center for their buving and business activities,

1
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Fig. 1-1. 4 500-foot, self-supporting tower. (WLBC-TT, Muncie,
Indiana)
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SELECTING A SITE 3
large metropolitan station with its greater reserves of csh, tlent, and
cquipment wil most Likely prodoce very unsatistactory resubts and ofien
may result in balure of the busiess,

Basie Factors in Site Seleetion
Terrain and Population Centers

There will be readilv-appan ent factors influencing site selection. There
are also factors that are not so evident. 1 VOUL company is an operating
AM or FM station, vou may already have buildings, towers, and some
cquipment that can also be used for television. .\ well-planned use or
expansion of these faclines 1o incorporate television, it feasible, niy
hielp reduce initial investment costs considerablv,

Terraim and population centers will have a great bearing upon just
what can be done when selecting asite for the maximum or most bene-
fictal coverage. Chapter 2 indicates how these factors are (o be taken
mto consideration. The terrain of the immediate and outlving arcas
must be considered becanse hillv. or mountainons 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 conimunity. (The FCC also specities signal
amounts for the primary and secondary coverage areas) The signal
specified for the principal community must be supplied, unless vou can
convinee the FCC that vour situation is different and requires spectal
consideration, Chapter 2 indicates what coverage is necessary and how
10N estimated.

Airports. Airlanes, and the FA A

The Federal Aviation Nuthority (FAA) must receive and OK an appli-
cation for vour proposed tower site. 1 an airport or airlane s close o
where vou want 1o locate the tower, the FAA mav oppose vour decision,
Usually, however, there is no objection from this ageney unless vou
wish to erect a tall tower or one that will adversely allect abe travel. Tuis
possible. though. that vou will be required 10 use special highting on the
tower because ot sie tocation: this special lighting will probably in-
crease costs for the station because of the additional cquipment re-
quired. In one case, a station was required to use three Hashing 1000-
watt beacons, istead of one flashing beacon at the top and smaller
marker lights at lower levels,

Building Codes and Ordinances

Building codes in vour community may bar the erection of a tower
within the ity limits or in certain arcas. or the tower mav have to meet
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certain specifications. Compliance with the building codes or ordinances
is not difficult, unless there are some very special restricions. When
there are restrictions, vour costs may be increased in meeting them.
Farly consultation with the proper authorities will certainly help vou
avoid hidden building costs.

Tower Location and Maintenance

Erecting and maintaining a ower in densely-populated arcas can
sometimes present a real problenn, 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 1o the station. In heavilv-populated arcas the rool
of a building may have to be reinforced to supporta tower, or building
codes may require special structural strength i the tower. Insurance on
the ower will probably be higher and on a continuing basis. Tower-
servicing companies will be required 1o pay higher insurance premiums,
which will probably he passed on to vou as higher costs.

Expansion Plans

Future plans should alwavs be considered, especially potential ex-
pansion. Although one piece of real estate may appear o he ideal for
present needs, it may not be large enough in the futare. For example,
a future increase in tower height may require that the guy wires and guy
anchors be located well oft the present or considered property. If the
property appears adequate for the present, it would be wise to imvesti-
gate adjacent properties and make arrangements with the owners to
secure a lease, casement, or some other legal instrument that would
permit use of these properties when vou 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 betore
any building is started. One could awake some morning atter a night ot
hard rain to discover that his station is located in the center ot a junior-
sized lake.

UHF Propagation Problems

Propagation problems also have a definite hearing upon the final site
selection. The uht channels are atfected more by hills and buildings than
are the lower vht channels. Such barriers can cause serious shadow areas
(Fig. 1-2) in the coverage, especially it there are population centers n
stch shadows. UHF deteriorates more rapidly after it gets to the horizon
and bevond it It vou are to serve several small communities that are
some distance apart, vou may want to locate in the center between the
communities, so that cach can be served equaily.
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~
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TV STATION B PRINCIPAL HOUS ING
(STUDIO AND TRANSMITTER) COMMUNITY AREA

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

UHF and 1'HE Reception. There have been several studies made com-
paring uht with vhi signals. "The most recent test was conducted in New
York City by the FCC and several interested groups. 'Ihe basic purpose
of this test was to determine if uhf would work in a city of canvons
formed by wall buildings. Although there is some disagreement over the
methods used and the findings of this test, the conclusions are as an-
ucipated: uht will work satisfactorily in such an arca, although it was
found to be more susceptible 1o multi-path (ghosting). However, all
signals, vhtand ubf, have ghosting problems at these locations because
so many surfaces are reflecting signals.

Measurements made in residential arcas, where one- and two-story
homes predominate, revealed no difference hetween pictares obtained
from the aht or vhi signals. As also was expected, the vl signals were
usable at greater distances from the tansmitting antenna than were
the ubt signals.

Location Setups
There are several basic alternatives that mayv be considered when
selecting sites for a ubif studio and oansmiter., Although their applica-
bilitv is determined primarily by terrain and population density, equip-

ment and construction cost differences should be tiken into account.

Separate Studio and Transmitter

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 com-
pany cable or microwave or vour own microwave hnk.
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Advantages. This method has many advantages and may be the only
solution in some arcas. On a high hill or mounin, important antenna
height can be obtained with a relutively small tower, and shadow area
problems will bhe climinated (Fig. 1-3). Property outside ot a built-up
arca may be less costly to huy 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 itand no prestige
to maintain. Falling ice won’t be too much of a problem and there need
he no concern with Hyving paint when the tower is heing painted, therehy
lowering painting costs.

¥ |" ( )
. ff/ NO SHADOW

TRANSM ITTER
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 transmilter.

Disadvantages. Oflsetting these cost-saving features will be the cost off
the studio-transmitier fink (STL). This mav he telephone company
cable or microwave, or company-owned microwave, The telephone com-
pany will install and service its own equipment and charge voua monthly
rate. Your own microwave, if this method is chosen, will be bought,
installed . and serviced by vour company. You will need a vansmiter
and microwave antenna at the stadio and a microwave antenna and re-
ceiver at the transmitter. A line-of=sight path is required and the beam
should clear hills and buildings by at least 100 teet o avoid retlections
and other problems that would reduce its reliability. Microwave installa-
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tion and upkeep are expensive. (Cost figures on telephone company
and companv-owned microwave svstems are given at the end of the
chapter.)

UHE welevision transmitters ave usually manned by licensed engineers
when in operation. Recent FCC rule changes permit remote control of
ubf transmivers, provided that the stabilite and reliability of the trans-
mitter are demonstrated and that appropriate remote control equip-
ment will be installed.

H the planned TV tower is on the same site as a broadeast radio
directional antenna svstem, there will be other dithceulties. The new
tower will alfect the radio antenna directional pattern, which will have
to be retuned 1o its original pattern. Insome cases the directional patiern
will be so oflset that it can’t be retuned 1o its normal pattern. I so,
another site will have to be found for the TV ower. One station., for
example, found that the TV tower, which had been erected 500 feet
from the radio antenna, changed the antenna’s base unpedance from
800 ohms 1o T000 ohins and putacslight dentin s coverage area in the
direction of the T'V tower, but it was nothing serious. Another radio
station, which had a two-tower directional svstem, solved ws nterference
problem by cutting the top ofl one radio tower and monnting the T'Van-
tenma ot which brought the tower height back 1o normal. By doing
this they eliminated inter ference and saved the cost ol a new tower —an
acceptable method if the radio tower is high enough 1o suit television
ransmission requirements.

Access roads and utilities may prove o be vetanother problem. Flee-
tric power tines, telephone company circuits, and poles may have w be
constructed a long way 1o get to a separate transmitter building. Local
utiliy: companies should be consulied about construction costs. (In
some arcas, these companies mav absorh such costs in anticipation of
tong-time service)) Also, it may not he possible 1o get city water ex-
tended to the proposed location. A well will have to be drilted, which,
on a ll, may be quite deep and unreliable. The higher pPOWCET trans-
miters use water cooling for the power tbes and require a reliable
supply of water: Well water may have 1o be filtered 1o keep mineral
deposits from causing high voltage teakage and from clogging or cor-
roding small ports in the tbes and connections. (Klvstron tabes do not
use small ports within the twbes themselves, but the connections and
piping can become corroded.)

Access roads will have 1o be passable in all seasons, unless the trins-
mitter personnel live at the site, FCCorules require necessary facilities
for operating personnel i the transmitter is not remote-controlled.
When operators live at the site, greater tacilities must be supplied for
sleeping. cooking, sunitation, and velaxaton,
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The separate studio-transmiter arvangement is usually the most ex-
pensive to install and maintain, More manpower is required, because
crews will be needed at both sites, unless remote control is emploved.
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 ools or test equipment are at the wrong site when needed.) Addi-
tional expensive equipment, such as microwave STL, will be needed.

SHALL
ON-CHANMEL
AREIER TV SIGNAL
REBROADCAST

INTO SHADOW

PRINCIPAL HOUSING
TV STATION COMMUNITY AREA

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

Combined Studio-Transmitter

Combining the studio and transmiter location will greatly reduce
operational costs and manpower. It you decide 1o use this method
i a highly congested arca, such as a downtown site, some of the ad-
vantages may be offset it there are higher costs vesulting front compli-
ance with building codes or ordinances, costs of erecting and maintain-
ing the tower, and higher insurance preminms on the tower. These
additional costs should not be great enough to rule out use of a good
downtown site. I vou can construct a combined studio and transmitter
located at the edge of town, away from densely populated arcas, vou
will achieve the optimum in low costs tor the small uht” welevision
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 vour area.)

www americanradiohistorv com



www.americanradiohistory.com

SELECTING A SITE 9

Property planned, this method will reduce manpower requirements,
since vour transmitter engineers will also be vour stdio engineers.
There will be no cost for remote control equipment and circuits, kx-
pensive microwave or telephone company microwave will not be needed.
There will be no dupheation of 1ols 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. Al uuilities 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 (ST1L) re-
quires carcful plimning to ensure the installation of” refiable, high-
quality circuits. Manufacturers of microwave equipment will give the
station every assistance in selecting the correct equipment, planning the
mstallation, and checking out the svstem after its completon,

Seldom are two microwave installations identical, because cach one s
designed to meet specitic requirements. T'he equipment used is standard,
but s arrangement and accessories will be dictated by the circum-
stances. Consequently, the equipment used in the following cost basis
has limittions which the reader should keep in mind. This system s
used i a minimum installation where the antennas will be mounted
directy on the root of cach building without additional towers, and the
transmitter and receiver will be mounted directly on their respective
parabolas in waterproof cases, using control cables back 1o the control
units inside the buildings. The equipment and hgures are based on a
portable RCA microwave (MW) system, adapted 1o this use. Prices e
abways subject to change and will vary with manulacturer.

Within these mitations, a simple ST microwave system that includes

==

both a video and a sound chaniel will cost approximately 814,275,
computed as follows:2
Sending equipment needed at studios (includes portable MW tans-
mitter, antenna parabola, roof mounts, interconnedting cables): 86,515
Receiving equipment needed at transmitter (includes portable MW re-
ceiver, antenna parabola, root mounts, mterconnecting cables): 87760

2No mstallation costs are included. T is expected that station personnel will install and
maintain this sostem and the station will suppls replacement pants and tubes. 1 special
installation procedures wre requined and outside help is needed. the additional costs
could be considerable.
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Remember, also, that station engineers inust nmaintain the svstem and
spare parts and tubes will be supplied by the station.
Telephone Company Microware Service

Telephone company rates for ST1. service are based on tariffs cleared
by the FCCL The rates inthe tollowing example are based on the Indiana
Bell System coifl. I vou are located i or transmit through an arca
serviced by an independent telephone company, the rates may vary
somewhat from this figure.

Two separate structures are involved, one for the video cirenit and
one for the sound circuit. The telephone company also has certain
prevogatives when providing service. They have the right o use any
method necessary 1o obtain the service (¢.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 o link between any two points within an airline dis-
tince of 25 mules. ‘The rates used and discussed here are based on the
local channel ratesand have nothing 1o do with network interconnection.

Video Rates. Based on the Indiana Bell Svstem tarift, the monthly
video channel rates for a STL svstem are comprised ot a base fee of
8175, a charge of $20 for cach quarter mite up to 8 miles, and a charge
of $35 for each mile or fraction of a mile bevond 8 miles. To illustrate
how this tarifl is applied. assume the following hypothetical case, where
the distance between the studio and transmitter s 6 airline mites. The
monthlv charge for the video will be $655. computed as follows:

Base lee S175
Quarter-mile units

(S20 X 2. 480
Toral S65HH

If the local channel distance in this example were 10 miles, the video
circuit monthly charge would have been $885, computed as follows:

Base fee S175H
Quarter-mile units

(820 X 32) 6-10
Addiional miles

(835 X ) 70
Total S8KH

Audio Rates. 'T'he sound channel rates are lower and are determined
i a different fashion. "The highest quality audio service, equalized 50 ¢ps
to 15000 cps, is necessary so that the station overall svstem will meet
FCC specifications. There is no base rate. The distance charges are $4.10
for the first quarter mile plus $1.85 for cach additional quarter-mile
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unit. Using our tivst example of a 6-mile airline distnce, the monthly
audio circuit charge will be $46.65, computed as follows:

First quarter-mile unit S 110
Additional units

($1.85 X23) 42.55
Total S16.60

Pideo Installation and Construction Charges. In the normal STL, there
will be no installation or construction charges for the video civeuit.
Should vour system have some special requirements, such as an unusual
site problem requiring a multiple hop, there may be some instatlation
charge. Your local telephone company will let vou know what vour
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 vou will need, this charge will be $25, paid only
once.

Al rates considered, the 6-aivhine mile unit would entail a total
monthlyv charge for audio and video circuits of $701.65. which would
amount to a total vearly clirge of S8419.80.

Site Seleetion and Cost (Three Representative Examples)

Building costs will depend upon many factors, as indicated carlier 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 these cost
ligures will not necessarity mateh his own, The figures given do not in-
clude television wechnical equipment, which, ot necessity, will vary with
cach station. In cach example, the sttion used the combined studio-
tansmitter operation. (The population higures given in cach case are
not the true market population. "The figures shown ave for the principal
communities onlv, as simple reference points. The cost hgures should
not be considered tpical or even average. Any average that could be
drawn from them would be meaningless. The igures are given only to
show what has been done i particular cases.)

WBJATY. Binghamton. N. Y. — Channel 313

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

30mn the ait November 3, 1062,
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The terrain is very rough and mountainous in this arca, with the
cities concentrated along river valleys. Two rivers join at this point
and the mowntain ranges form an irregular horseshoe. The necessity off
proper coverage of the entire narket arca from one location narrowed
site location to only a few places. The site selected was on a hill over-
looking the vallev, on the curve of the horseshoe. Since the studio was
1o be located outside the ety imits, 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 othees, 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™ fgure 1o estimate cost of a conunercial building of
$20 1o 825 per square foot. This station did much better than that
with o cost a hitle over $10 per square foot.

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

To provide the necessary coverage ol the market in this rongh ter-
rain, a 545-foot ower and a 12.5-kw transmitter were required. The
rough terrain also presented some severe tower-guving  problems.
Special guving and special anchor sites were requirved. (This special
guving increased the cost of the ower by $4000.) The otal tower cost
was $31.500, which covers tower and guvs only, and does not include
crection, guy anchors. or antennie As this was a pecubiar situation, it
is not an average tower figured

WTAF-TY., Marion, Indiana — Channel 31 %

Marion is a small market with an area populaton of about 76,000 and
a city population of abour 38.000. The terrain is Hat 1o rolling with
some isolated rongh spots, but nothing that will interfere with oans-
mission. Coverage of such an arca does not require a high tower or
high-power transmitter.

One of the largest single factors contributing o site selection was the
availability of a building only one block from the city square that was
so ideal it appeared 1o 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 nain room on the second floor was

H Information and cost data supplicd by M. Harold Bennett, National Prograun Divector,
Altred Anscombe Stations.,

50 the air Ocober 1, 1962,
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quite large (40 X 50 feer) with a high 18-foot ceiling and no posts or
similar obstructions. The first {loor also contained a large room and
smaller rooms. The building was relatively new, modern in every wav,
with an excellent front entrance 1o the street.

A hve-year tease was obtained for the buitding (the club retaied the
basement, with its cafeteria and lounge), which costs the station $350 a
month. The lease is renewable at the end of the five-vear period, and the
station has first option to buy ¢ither at the 5- or H0-vear period.

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

The only remodeling necessary consisted almost entively of installa-
tion of necessary electrical components and hardware, such as breaker
boxes, conduits, ete., 1o handle the power requirements of television.
This work was done by an clectrical contractor for a total approximate
cost of $1000. The vemaining remodeling consisted of building a control
room at one end of the large room (mow the studio) and partiioning
oft the large voom downstairs imto oflices and work rooms. The actual
cost of this work was for the tumber, about $1000. The carpeniry work
was done by the owner, who is & confirmed “do-it-vourselfer,”

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 38000, This figure does not include
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the antenna. Insurance premiums for the tower run higher in this loca-
tion, but this factor is minor compared 10 the positive features of this
set-up. Figures were not supphied for habiliny insurance, but preminms
for imsurance 1o replace the tower and antenna, should it fall, ran about

$150 per month 8

WLBC-TV, Muncie, Indiana — Channel 197

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

Terrain is generathy very flat, with some rolling ground to the south.
Coverage ol such a market from a central location with a low-power
transmitter is not ditheult.

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

The radio tower was oo fow in height (a nondirectional svstem) for
television purposes. Since the building was focated adjacent 1o a4 main
highwav, there was no room 1o place guy wires and anchors. Conse-
quenthy e was necessary 1o erect a self-supporting tower. As the tower
was located at the edge of the citv, many neighborhood children were
avaitable to oy their daring at tower chhmbing. "This made construction
of i strong fence around the base of the tower a necessity. The otal
cost for this 500-foot tower (heavy-duty, self-supporting). concrete
hases, erection, ete., and the fence around the tower base, but not in-
cluding the antenna and tramsmission line, was approximately $80,000.

No problems were encountered with building codes or ordinances. A
new insurance policy was taken out to cover the new tower, which, of
course, meant an additonal insurance preminm.®

§Cont frigures and other data were supplied by Mi. Gene Thompson. president and
owner of WEAF-TV.
TOn the air May 8. 1953,

* Information and cost data for WELBC-TV were given by Mr. Don Buiton, president of
I'ri-City: Rachio Corp.
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Eslinmting Corem,ge

Antenna Location and Required Field Strengsth
[ 4

The FCC Rules, pavagraphs 73.685 (1) and (b) state:

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

“Location ot the antenna at a point ot high clevittion is necessary o re-
duce 1o @ minimum the shadow effec on propagation due to hills and
buildings which mav 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 service 1o an arca, it is nsually preferable to use achigh an-
tenma rather than a low antenna with increased transmiter power. 'Fhe
location should be so chosen that line-ol=sight can be obtained from the
antenna over the principal community to be served: in no event should
there be a major obstruction i 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. Teis recognized that topography . shape of
the desired service area, and population distribution may make the choice
of o mansmitter location dillicult. In such cases, consideration may be
given to the use of a directional antenna svstem, although icis generally
preferable to choose a site where a nondirectional antenna may be
emploved.”

i von do nor lase a copy of the FCC Rules and Regulations, von shoukd obtain one. In
particular, order Volume L Parts 73 and 74 (Radio Broadeast Services and Experimental,
Auniary, and Special Broadeast Services) trom the UL S Government Printing Othce, Wash-
mgton 25, D, €. There are other parts of the FCC Rules that attect broadaasting which
vou 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, vou st provide a minimum of 80
dbu signal strength over the entire principal community you are 1o
serve. The farther awav from the community that the transmitter is
located, the more difficult it is 1o meet this minimum. Inereasing cover-
age to meet this minimum will generally mean more power and/or a
higher ower, 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 karge mewrropolitan arcas: 80 dbu signal strength
mayv be obtained with lower power and antenna height and the tans-
mitter may be located closer to town.

TALL
BUILDING

2
-

P~
S

PR INC1

TV STATION COMMUNITY

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

Grade A and Grade B Contours
The FCC Rules, paragraph 73.683, Field intensity contowrs, state:

“In the authorization of television broadeast stations, two tield intensity
contours are considered. These are specified as Grade A und Grade Band
indicate the approximate extent o coverage over average terrain in the
absence of interference trom other television stations. Under actual con-
ditions, the true coverage may vary greatly trom these estimates because
the terrain over any specific path is expected 1o be different from the
average terrain on which the field strength charts were based. T'he re-
quired ficld intensities, F (30, 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 strength of the signal is exceceded
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-
crage. ‘There are many things which can aflect vour signal level inany
particular area (e.g.. @ mountain ridge). In licensing procedures, these
variations are not considered by the FCCL unless vou can demonsurate
vou have a peculiar problem. ‘Fhe contours are submitted o the FCC
for the following purposes: (1) 1o estimate coverage from a given an-
tenma site: (2) in connection with coverage problems arising from com-
phance with section 73.636 of the FCC Rules (overlap of coverage by
mtltiple station ownery: (3) to determine if the required signal strength
over the principal community is being supplied.

There should be no diflicutty in providing the required signal strength
over the principal community in smaller markets, becaunse they are not
ustally spread out very far. However, when two or more smaller com-
munities that are located close ogether form the same market area,
it may be difhicult to find a suitable site. The FCC usually designates
these compound markets by joiing them with hyphens, such as South
Bend-Flkhart, Indiana or Norfolk-Portsmouth-Newport News, Virginia.
Such arecas represent the principal community and vou must provide a
signal strength of 80 dbu over cach one. Additional dithculties can arise
m such cases it the terrain is rough. They can be serviced, but more
power and antenna height will be required.

Making a Profile

The casiest way o determine the antenna height above average ter-
rain is to make a profile of the arca vou wish o cover. Making a protfile
will require data on the wopography of the area. This information can
be obtained from topographical maps that indicate elevation contours
above sea level3 Unfortunately. all arcas of the country have not been
mapped in this way, so vou may have to estimate elevations. For vour
own purposes, vou can use fanly rough estinates, although vour con-
sulting engineer will have 1o supply accurate data when making applica-
tion to the FCC. I vou can obtain an altimeter that can be used in an
automobile, it should not be ditheult to determine variations i cleva-
Hon in vour area (provided that vou can find roads going in the diree-
tons vou wish to cover). If the areais very flat, vou can get the esu-
mated coverage merely by using the chart figures and the height of the
radiation center of the antenna above ground.

UL S, Geological Survey Topographical Quadrangle Maps mav be obtained {rom the
Departiment ot the Interion, Geological Survey, Washington, D. (.
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Topographical Maps

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

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

EVERY FIFTH LINE DARKER

TOP OF H/LL

LINES CLOSE TOGETHER INDICATE
OROP-OFF OR CUFF
la—BASE OF HILL

950° LINES WIDE APART
INDICATE FLAT AREAS

HEIGHT IN FEET OF
CO/V’%UR LINE
ABOVE SEA

LEVEL S 990

CONTOUR INTERVAL
F/aukfo FOUND IN
THIS LOCATION _
ON MAP > CONTOUR INTERVAL : 10"

——————
SCALE OF MILES

Fig. 2-20 An explanatory representation of contowr lines on a tpical
topographical map.

Contour lines show the shape as well as the height of the Lind they
deseribe. 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
cmphasized with a heavier color or thicker line, Fach lne is marked
with a number that indicates height, in feet, above sea level. Lvery-
where that a particular fine rans, the ground ar 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 sca level given the
value of zerol) For example. a contour line with 980 written on it is
980 feet above sea level,

These heights of land arve also called elevations. The contour line
mentioned above has an elevaton of 980 feet above sea level.

Contour lines are labeled according o 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 hnes. This s not the horizonal distance between hines, but the
difference m height above sea tevell 'The horizontal distance between
adjacent times will vary, depending upon the kind contours. If, for
example. the contour interval is 10 feet, a perfectly flat ficld, several
hundred feet long. would cause the contour lines on the map 1o sweep
far apart 1o deseribe this flat arca. but the next contour hne will still
be only 10 feet higher in elevation than its neighbor.

As contour hines deseribe a hill, they will be long and irvegular closed
loops with cach loop being shorter than the preceding one as the height
approaches the 1op of the hill. The top will usually be shown by a small
closed loop.

Drawing the Profile

A profile of the tand is similar to a profile photograph of a person: it
is taken directly from the side. Since it is not possible 1o view the land
this way, land profites actually are a description of a cut-away or cross-
scctional shice of the fand.

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

420"’

&

(&)

reeer mAST\/
A\

P— 2 —|————— 8NILES — —=
MILES

A A

TOWER
LOCATED AT "X"

Vig. 2-3. Plotting the cast yadial for a proposed antenna location. Use 50
clevation points to determine average teviain on this 1adial.
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across the section of the map you wish to profile (Fig. 2-3). Then mark
ofl' 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
clevations and the ordinate of the graph. Thus, if the contour interval
is 10 feet, cach horizontal line or major division will indicate a 10-foot
clevation interval. 1t isn't necessary to carry these lines all the way down
to sea level, unless the sea will be part of the map section \w\\ed Only
go as far as, or a liule beyond, the lowest point that will be anticipated.
The lowest elevation will be at the bottom of the ordinate.

RADIATION
CENTER OF
ANTENNA
500' fan
272 3T T RE IGHT OF RADIATION
P CENTER OF ANTENNA
GROEL{INEE ABOVE AVER AGE TERRAIN
FOR THIS RADIAL

200" . e

e . AVERAGE TERRAIN T

160 5 : 424.7' ABOVE SEA LEVEL
BN =E-CAC IS C 3= v—:——qu.-w = 1 T |1 .-._..»,...—_. — = = ] T
- 380" T —— 4
_% 2MILES - -

1l 8MILES
ABOVE

SEA

LEVEL ]

DUE EAST RAD AL
SEA LEVEL 1

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

Nexiy, 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 ofl 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 plor the profile accurately on the graph, read each point of eleva-
tion on the straight line on the map at cach 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 1o determine the elevation at that point. For example, if your

www americanradiohistorv. com



www.americanradiohistory.com

ESTIMATING COVERAGE 21

point is haltway between the 970 and 980 contour lines, the clevation
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
vou 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 10 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 1o the prescribed
minimum values for Grade A and Grade B service, we can draw a rim
for the wheel that is a circumterence 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 cach 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. 1t is important 1o
know the signal path and the topography directly between the antenna
and the principal community. However, when determining average
clevation for the antenna site, only the original 8 radials are used.

The profile along cach 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 ave ploted
on the vertical lines on the graph. In very rugged or mountainous ter-
rain, where 100-foot intervals may result in 100 many closely spaced
points in a short distance, you mayv use 200- 1o 400-foot intervals. The
profile should indicate the opography accurately along cach 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
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designation, the name of the map. and the source of 1wpographic in-
formation. I these profiles are 1o be submitted 1o the FCC this intorma-
tion is required: for vour own purposes. it need not all be included.

The radiation center of the antenna is the center of the antenna. not
the top of the antenna or the op 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 grear 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-
vidn may be a negative vatlue, such as so many feet below average tevrain.
This could happen where an inaccessible mountain ridge is higher than
the antenna.

*

i
i
]
i
i
&
%
A

Fig. 2-5. This antenna location is 3697 feet above average terrain at an
altitude of 7622 feet above sea level. Used by KERO-TIV, Bakersfield,
California, the antenna is 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 1o 10 miles from the an-
tenna were added together, giving a totd of 21,235 feet. This tigure
was divided by 50 (the number of points figured) to get an average
height above sca level of 4247 feet for the terrain adong this radial.
A dashed line was drawn across the graph to show how much higher the
radiation center of the antenni is above average terrain for this radial.
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To obtain the final average clevation for the antenna site, the average
height above sea level for cach of the 8 required radials must be de-
termined. These values are then added wogether and divided by 8.
Naturally, the tower and antenna height is added to this igure 1o find
what the radiation center of the antenna is above average werrain,

Using the FCC F(50.50) Chart

The FCC K50, 50) chart for channels 114 —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 10 be used for powers other than | kilowatt.) Most
small uhf stations will use more than 1 kilowatr radiated power. With
present high gain antennas, a 1 kilowatt tansmiter will produce an
eflective radiated power of several thousand waus, depending upon
channel and line losses. Use this figure when deciding what tower height
and power combination vou wish to use to get the desired coverage, but
remember that the line loss will inerease with higher towers because
of longer transmission lines.

For radiated powers other than 1 kilowatt, align the shiding scale in
a vertical position, so that the desired power figure on the scale is on the
10 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 shiding scale. Basically, there are four bits of information vou will
wish to learn from this chart: (1) how far, in miles, the required prin-
cipal city signal strength of 80 dbu will veach: (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 s required 1o accomplish these
ends. Remember that the antenna height used here is not the ower
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 vour use. Many factors of terrain will
affect the final coverage obtained in vour arca with conditions peculiar
only to vour location. Results will prove reasonably accurate in most
cases for rough estimates. If vou want a more accurate estimate of what
o 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 dithicult cases.
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Fig. 2-6.

the time.

AT A RECEIVING ANTENNA HEIGHT OF 30 FEET

Use the scale supplied with the FCC's F(50,50) chart to de-
termine coverage. 50, 50 indicates that the estimated freld strength is exceeded
at 50 per cent of the potential receiver locations for at least 50 per cent of
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To illustrate how the chart works, et us asstine a case where a station
wants to use b kitowatt transmitter. The diata for the antenna on the
chanmel 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 10 use a tower height thad
places the radiation center of the antenna 500 feet above average ter-
rain. On the chart, set the scale so that the 20 Kilowat marking of the
scale is on the horizontad 40 dbu line of the chart and the vight-hand
cdge of the scale is aligned with the 500-foot markings for antenna
height ac the op and hottom of the chart. This will make the scale per-
fecty 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
Asignal of 748 dbu will veach 13,5 miles: and the Grade B signal of 61
dbu will reach 23.5 miles. To put it another way, this combination of
power and antenna height should provide principal city coverage out
10 9.5 miles, Grade A coverage out to 13.5 miles, ind Grade B coverage
out (o 23.5 miles. This combination may be cither too much or not
cnough tor your needs. In which case, the required results may be tound

| N o°
BLUFFTON
"_'3150 / f‘lSo
y BERNE N PRINCIPAL CITY
4 T 4 Kao DBU
TRANSMITTER —
T
L ]P6RT X COLDWATER
W 2700 Sl £ 90°
TSI GRADE A
° < 74 DBU
ALBANY
GRADE B
64 DBU
UNION
WINCHESTER |
2250 ciry 135°
\
S 180°

Fig. 2-7. Market and coverage area.

Slhe power gain tor i antenna is used 1o determine effective radiated power (ERP):
ERP cquals tansmitter poser. 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
18 greater.

From a cost point of view, many small stations will try 1o 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 desive to use a 12.5 kilo-
watt transmitter and all other conditions remained the same, we would
eet 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 kilowatuts, but
locate the antenna on a high hill so that the height of the radiation center
of the antenna is 1000 feet above average terrain, 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
diflerent combinations of antenna height above average terrain (ALAT))
and eflective radiated power (ERP).

Table 2-1

A.AT. ERP Principal City Grade A Grade B
80 dbu 74 dbu 6+ 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 feet 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, is toward super powers:
i.e., ERP’s in the megawatt region. (A megawatt is 1,000,000 watts.)
One example of a recent high power installation is KERO-TV in Bakers-
ficld, California. The station changed from vhf channel 10 to uht 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 vhf channel and the Grade B coverage seems to be
limited only by the horizon.®

5 Fhese tigures ave from The KERO-TI” UHF Story issued by General Electric Company.
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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 vou have a large
or small studio. Most smali-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
thev 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 o local, live pro-
gramming.)

—

CAMERA AND
STORAGF AREA
CONTROL ROOM ]| DRAPES~__

T
|
|
|
|
lERod ﬂi}b I STAGING 2
g . AREA
|
|
|
|
|
1

20' X 25

|~ DRIVEWAY

Fig. 3-1. The plan for a small studio, showing staging and camera areas.
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A small studio stage of 200 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 arca can be achieved by adding a 20" X 25
arca 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 1o get far
enough away to cover very much of the action. For the normal daily
shows, News, Weather, Sports, Farm programs, ete., the camera would
operate within the staging arca.

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 wraffic, at least in the beginning. Should yvou
later discover this amount of floor space is inadequate, vou 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 & beautiful
new building, pinmed for efficiency and free flow of trathe. The studio

Fig. 3-2. A amall station studio staging area. (WLBC-TV, Muncie,
Indiana)

www americanradiohistorv com



www.americanradiohistory.com

THE STUDIO 2

was built in the center, with all other areas leading to i This was an
excellent idea and evervthing functioned as planned, with the exception
of the studio — it was small and madequate. Because it was located in the
center of the building, expansion was out of the question, at least eco-
nomically. New stdio space was later added at a different location in
the building, but a subconurol room was required and much of the orig-
inal planned cefliciency was lost.

When vou build vour studio, avoid such a trap and place icat the end
of the building. Should additonal space be required, wings may be
added 1o cither side, as shown in Fig. 3-3. These wings may be for prop
storage or, if vou decide to use all the original space for staging, for a
camera manenvering arei. A small wing may be added o handle a rear
screen projector.

oo a0 S—
r——-——"="=—777 1
| 1
[}
| FUTURE |
| STUDIO !
| EXPANSION |
: 20' X 25° i
1
| !
1
PRESENT CAMERA !
AND STORAGE |
CONTROL AREA | PRESENT b om - .
ROOM | STAGING !
R
WINDOW ;gi;y»: AREA 8 X10
. 2% 25 ]
|
T |
|
N
| . FUTURE
| ! REAR
‘ , . SCREEN
8 Lo 1 PROJECTOR
FUTURE
DR IVEWAY ] STORAGE
AREA
10' X 20'

Fig. 3-3. The dotted lines indicate how a properiv-planned studio can be
conveniently expanded.

Ceiling height is as important a factor in studios as is floor space.
Lighting is a most vital element for television broadeasting and space is
needed overhead for lighting fixtures. Should the ceilings be too high,
lights will be far away and hard to mancuver without the aid of panto-
graphs, hooks, and tall Ludders. 1t the ceiling is too low, it will be ditlicult
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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 cciling 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
tlexible system be desired, a ceiling height of 18 feet is typical; it gives
plenty of room for pantographs and other floating equipment.

Another consideration in studio ethiciency is an outside door. This
door should be large enough o drive an automobile into the studio,
which happens quite often. especially with auto dealer advertisers. The
door should open onto a driveway so that trucks mayv deliver advertising
products right to the studio. There are several large doors on the market
which will serve this purpose well.
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Fig. 3-4. Showing the minimum ceiling 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
clements 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
ordinary work, not camera work.
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BACKLIGHT
SPOT 150 FC
Q{_ _l00fFC | ok
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Fig. 3-5. The basic lighting elements with light intensities indicated:
kex, back, base, and backdrop.

Base light. Flat, diffused illumination that gives general light on the
set, raising the basic light evel o a predetermined value. Base light
should have an intensity of at least 100 foot-candles and will usually
be provided by scoops. This light tevel is suitable for cameras using
58207 imagce-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, 1o produce eve sparkle and wmake the
subject stand out. Key light intensity should be 2 or 234 times the base
light and is provided by spotlighus.

Back light. "T'he illumination directed from the back of and above the
subject (but not directly overhead), onto the head and shoulders. Ts
purpose is to separate the subject from the background. Without back
lighting, the performer tends 1o 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 crases shadows that will occur from the
kev 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 casily, since theve are
many on the market that will give excellent results. The best type for
TV studio use is one that will give divect foot-candle meter readings
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Fig. 3-6. A simple light meter and shield-type muldtiplier. OVLBC-TI,
Muncie, Indiana)

and uses a shield for mulipliers (Fig. 3-6). Disregavd all the other dials
and figures, which are designed for photographic work (the electronic
camera behaves quite differenty from a photographic camera in many
respects). Fixed lighting will generally be used, so vou will be interested
in geuing the correct ratios on the many different sets. Different mate-
rials reflect light differendy, so vou will be interested in how lighting
from one set will atfect the ratios vou have set up for another set next
10 it.

1t is good television practice to have the house lights on at all times,
otherwise someone will have to remember 1o shut them off during a
show. When measuring the light intensities, shut oft all lights except
the house lights and those that vou intend to measure. Stand or sit where
the performer or display will be located and hold the light meter at
fiace or displav tevel, pointing it directdy 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,
bhut move around the set for some distance from the display or per-
tormer position. Base lighting intensity should be taivly even through-
out the set.

To measure kev 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 arca desired.

To measure back lighting, stand or sit at the display arca, hold the
meter at face or shoulder level, then turn around and point the meter
at the light source. T'ry 1o place the meter where the head and shoul-
ders will be,

Backdrop lighting is measured in the same manner as back lighting,
but the measurcment 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 POINTED
AT SOURCE OF LIGHT

BASE
LIGHT
SCOOPS

DESK

Fig. 83-7. Light meter positioning for measurement of different light
\Ources.

A set should not be considered property lighted undil after it is ob-
served through the camera and fimal adjustments are made.
Dimmers and Pantographs

Large dramatic productions require many special tvpes of lighting,
The larger stations who do much of this tvpe work have very eluborate
lighting svstems with complicated patch and dimmer panels. A small

?cuwp

LIGHT
FIXTURE

7R

Fig. 3-8. A 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 usc these devices.

A dimmer and patch panel can be quite an elaborate affair: 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 o say, these
units are quite expensive. A small station will find very little justifica-
tion in their use for the expense involved.

o—6—0 0—6—=5
9 11 9 10 12 10

On 120

o
N0
~O

O

12D

CIRCUIT T 3

BREAKER —_| 3 2
BOX

5 6

9 10

I Y

Fig. 3-9. A typical conduit and outlet runs from a breaker box. The outlets
are numbered according to 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
cach fxture 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,
vou 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 hght positions, as in Fig. 3-10. Mount this alongside the breaker

NO. 21 NO. 22

NO. 15 NO. |
0. OO w02
| NO. 14 NO. 17 )
NO. 13 NO. 18
\ ) / I / \ ] \ l /
NO. 11 NO. 12 NO. 19 NO. 10

Fig. 3-10. 4 tpical chart mdicating light positions and the numbers of
the breakers for all light locations in the studio.
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hox. Number the outlets and fixtures plugged into them with the corre-
sponding breaker number. Itis then a simple matter to look at the chart
and wrn on the correet lights for the set in question.,

Some sets will be fixed, for they will occur from the same place in
the studio, with the same essential props, every day. (These will be sets
for such shows as News, Weather, Sports, Farm, and Kitchen.) lor
cach set, with the desk or other furniture items in their proper place
and lighting adjusted the way vou want it, mark the floor with a felt pen
or other good marking device. These marks will have 1o be renewed as
they begin to fade, because yon will probably find the janitor scrubbing
extra hard 10 remove them, believing someone must have dropped a
pen and made the floors look bad. If you have an understanding and
cooperative janitor, vou may even be able to get him o keep the marks
renewed. Make a chart of cach set, as shown in Fig. 3-11, showing posi-
tions of the people and objects, plus the lights used. By keeping these
charts handy 1o the breaker box, it will be quite casy for one person o
set up cach area with its correct lighting.

NEWS SET O——0O=%
NO. 22 _f;.u\r‘:(z
BASE 120 FC NO. 21 _
KEY 250 FC A 4 \d
BACK 175 FC R NS
BACK-DROP 100 FC @_ NO. 28 / o
~ DESK
LIGHT NO. NO. 16
10, 16, 17, 18, 19 . No.3
2 2 v
2. . Q
2.2 @: NO. 29
NO. 17
MARK 6’
FROM CORNER
NO. 18
o NN
NO. 19 NO. 10

Fig. 3-11. A txpical chart for a fixed set, indicating light level, womber,
and location, and mark on the floar for desk position.
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The philosophy behind xed lighting is that lighung is mitally ad-
Justed throughout the staging area, using enough fixtures to cover
many individual sets, and then s left alone. Thercafter, the displavs
are adjusted to the iighting i fixed arcas by adjusung the display rather
than the hghting. It good lighting is not obtainable in one area for a
partcular displav, the displav is simplyv inoved o a more suitable arca
along with additional Lighting fixtures 1o suit particular needs.

It is not necessary o 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 displavs from day 1o day. Quite otten, these people
may get carcless and set up a display in the most convenient manner,
cven 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 mav be set up long before air use, and their
shortcomings discovered at the last minute, even hasty changes may not
be possible.

Although vou will have 1o buy most of vour lighung fixtures, there
are some vou can build vourseltfat a great savings in cost (see Appendix
A). Stay away from Hluorescent hixtures, as they are usually wo large
and unwicldy for the amount of light vou get from them, particularly
for small spaces.

The Camera

An clectronic camera behaves quite ditferently from a photographic
camera, That vou can see vour results immediately is one of its best
features and permits immediate adjustiments to correct anvthing that
may deteriorate the picture. Some representative cameras are shown in
Figs. 3-12. 3-13, and 3-1-1.

Generally, the camera lenses will be focused on infinity, although in
some cases you may wish 1o set the lens focus in feet, especially when
trving 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 1o 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 1o be to geta good picture. Opening the lens
will decrease the depth of field. If vou are not familiar with cameras,
an example will help demonstrate this point. Lets sav that a display
product is placed on a desk about 4 feet from the backdrop. which
carries the advertser’s sign (Fig. 3-15). [ 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 truer it the sign s in focus, the product wilt be out
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Fig. 3-12.  (left) General Electric’s model PE-20 image orthicon camera.
(right) General Electric’s model PE-23 studio uvidicon camera. (GE)

Fig. 3-14. This Sarkes-Tarzan
Fig. 3-13. The Sarkes-Tarzian transistor-  studio vidicon camera uses a
1zed studio vidicon camera uses a 1.5-inchvidi-  1-mnch vidicon tube. (Sarkes-
con tube. (Model 1500L, Sarkes-Tarzian, Inc)  Tarzan, Inc.)
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Fig. 3-15. The camera’s depth of freld 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 Tens will require a smaller opening, and the depth of
field will improve.

As the sensitivity of the camera tube falls oft, 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.

It a set does not have enongh light on it or if the camera lens is set at
oo high an f'stop, the camera will have a poor grav 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 scene and s more pronounced
when the movement is rapid. For example, a person is sitting ata desk
and wishes to demonstrate an object on the desk, As the camera quickly
pans from his face 1o the object, a blurred retained image of his face
will follow the movement. This image will last only for an imstant and
will disappear as soon as the camera movement stops, but it can be
annoving, You may not be able 1o eliminate this problem entirvely, but
vou can minimize it by using higher set lighting and beam carrent, 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
tbe is quite bad in this respect, vou can hasten the burn out process
by pointing the camera at one ot the lights. Do not focus on the light or
vou 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 monevsaver in this area for image orthicon tubes is an
orbitor. An orbitor, shown in Fig. 3-16, is cither a mechanical or electro-
mechanical device that keeps the image constantly moving on the face-
plate of the tube by mechanical movement of the tens or changes the
position ot the electronic image on the wbe's wrget by continually
varving the magnetic field around the image section of the wbe. To
prevent this movement of the picture from being seen in the final pic-
ture, a correction civeuit that is svnchronized to the orbitor changes
the camera centering vohtages, This effectively cancels out any move-
ment in the final picture.

There have been a number of other image orthicon wbe types de-
veloped besides the standard 5820A. These other tubes have been
primarily for the color cameras, which require more strict tolerances
than does @ monochrome camera. New target materials have heen de-
veloped and are now in use in these wbes, and for some of the types
sticking pictures i1s not a problem. (A sticking tube in a color camera
could prove disastrous to the reproduced color picture.) These tubes
cost more than 3820\ tubes, in the price range of $1.500 1o $2,000 cach.

Lenses

The lenses you use will depend upon the type of camera and the work
to be done. Alens is classified by its focal length and by the size of target
upon which it focuses the image. The target arca of the 5820\ 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
tilm. Therefore, these lenses are designated as 35 mm or 16 mm types.!

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

! .enses are sometimes given in inches or in millimeters. ‘There are approximately 25 mm
to the inch, Thus a 25 mm lens is a Linch lens, The smaller lenses are usually designated
m millimeters, while the irger lenses are designated ininches.
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Fig. 3-16. A close-up wew of a mechanical orlntor mownted on an image
orthicon camera. The case below the camera contains the correction circuil.
(WLRC-TV, Muncie, Indana)

hand. should occasions arise when an overcrowded siudio prohibits
camera maneuvering, the 8}2-inch lens will allow close-up shots from
the opposite end of the studio.

A better way to satisty all lens requirements with only one lens is the
use of a zoom lens, but this is expensive. A zoom lens will permita range
of shots from wide-angle long 10 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 tocal 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 4% -inch diameter image-orthicon wbe
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. (Two of RCA's vidicon and image-
orthicon tubes are shown in Fig. 3-17.)

.
||l
4
J
¥
(A) (B)

Fig. 3-17. (A) A I-inch diameter vidicon tube. (B) A 3-inch diameter
image arthicon 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 1o consider will be the type of produc-
ton vou 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 dificult 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 handted quite
well with the vidicon camera. The pedestal may be lighter in weight
than the one used for the image-orthicon camera, especially it the
vidicon is a transistorized model. The price of the vidicon tube is much
lower than a 5820A image-orthicon tube.

Microphones

The microphones vou 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 handied with one mike. However, there
arc many programs when itis 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 constanty 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 m television. You
may have vour own preference here. T'wo 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-3B (Fig. 3-20) 1s most suitable.

2 The tevm camera chain denotes the complete line of equipment necessary to make the
camera operates 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-14 pressure Fig. 3-19. A lavalier microphone,
microphone on a desk stand. (RCA) the RCA BR-6B. (RCA)

g, 3-20. A wwaxal microphone, the RCA BK-58. (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 1o climinate
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 desived,
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 manecuvering area should also be
covered. Bare conerete may be used for the floors, but this will dustand
getinto the equipment and all over the props, There are special paints
and hardeners o keep conerete from dusting. Asphalt tle 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 mterfere with camera dollving,

Studio Outlets

Microphone outets should be placed on at least three walls of the
staging arca 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. 3-21. This smal 8-inch monitor, mounted in a cabinet, is suitable
for wse anywhere in the station. (Miratel Electronies. Inc.)
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Fig. 3-22. This 17-inch video monitor, in a veneered cabinet, is suitable
Jor studio or lobly use. (Miratel Electronics, Inc.)

fiexible 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 time and would provide alternate circuits if any one should fail.
This arrangement is more costly because it requires separate cables to
all the outets and a separate jack on the patchboard.

It is good practice 1o 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 additonal intercom lines, or as a
high level audio line from the studio to control room. Herve, 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-
tional 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. 3-23. A tpical 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 arc on the Hoor, 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 Hoor will
jar the camera badly, especially if a fast movement is being made.

Camera Accessories

A cue card holder may be built (see 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 10
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 casily 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
oo 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 oft when the camera is turned off. (Un-
less the camera is being used throughout the day, the chain is normally
shut dowi.)

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 1o the eve, not 1o 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 1o 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 mayv be hung permanently
on the side walls or on pipe hangers.

Backdrops (or fhats) may be made trom light braming lamber covered
with a heavy paper or canvas and then painted. Try o avoid very light
colors on flats, because these reflect more light than do drapes. Avoid
whites and glossy paint at all costs: a person standing m front ot a white
background will appear very dark, and, in some cases, it may be impos-
stble 1o distinguish his features. The backdrops will set the tone of the
camera picture, Colors are good for eve appeal but not much help 1o
the camera, H vou want both eve appeal and good camera production,
paint several farge patches of color on a board, side by side. Observe
these through the camera and select those which give the best results
tor hoth purposes.

Some backdrops may also be made ustng peg-hoard. Decorations can
be auached 1o these boards o set aomotit for different shows. ‘This mav
be done by auaching cut-outs or objects 1o peg-board hangers, and
hanging them from the board. Fora Sports show for example, vou can
use objects representing different sporting events and cut-out figures of
plavers: for a Record Hop. vou can hang up records. The peg-bourd
backdrop has many interesting possiblities.

Most sets and props need not be expensive. You can build many
varicties of mteresting studio furniture, such as simple stands for dis-
playvs that need only a cloth draped over them, or turntables that rotate
to show ol jewelry, You can alwin s get samples of different materials
and cloths o experiment with, and i any one is not suitable, vou will
be out very hiade inmonev. Browse around tumber companies. Lhere
are many new building materials that can be of use for studio props,
especiatly wood paneling and Fiberglas pancls.

Costs of Basie Studio Equipment

Studio cost estimating in o geneval way can onlv be done by the teast
common denominator method: there are some basic items that must be
purchased but they will not necessarily do all that vou want o have
done. For partcubor requirements, vou will have to decide what cquip-
ment is needed and consule with manutacturers 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 are approximate and have been rounded
off 1o even dollars3

Video Equipment

1. RCA TK-14, monochrome image orthicon camera chain ... $17.900
(Fig. 3-25) (Camera, viewhnder, electronic orbitor, 3
lenses. H3820A tube, control unit, console housing, TM-6
master monitor, power supplies, interconnecting cables,
50 feet of camera cable)

2. RCA TK-15.A studio vidicon camera chain (Fig. 3-26) ... $10.385
(Camera, viewlinder, 3 lenses, 7735\ wibe, control umit,
console housing, ‘T M-6 master monitor, power supplies,
interconnecting cables, 50 feet of camera cable)

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

head (Fig. 3-27) oo S 1.100
4. Varotall [T indoorzoomlens ..o o oo S 1975
(lor RCA TK-14 image orthicon camera)
5. Berthiot Pan-Cinor =20 zoomidens ..o oo oot $ 1.550
(for RCA TK-16A vidicon camera)
6. Portable 21-inch videomonitor ..o oo $ 395
7. 5820\ imageorthicontubed o oo S 1,200
8 7735A vidicontube ... S 200

Audio Equipment

RCA BK-TA microphone ..o S 73
RCA BK-5B microphone ..o $146
RCA BK-6B microphone (lavalier) ..o $ 86
RCAmikeboomemall) ..o $450

Lighting Equipment

IR-inchiscoop. ..o 845
6-inch fresnelspotight. oo $40
Do-it-yoursell” spotlights (Appendix A).ooovnvnonn 85
Do-it-yourself striplights oo 834

(10 feet, 10 lights—Appendix A)

Suggested Basic Items

VIDEO A Item | (image orthiconcamera) ..o S17.900
ftemy 3. S 1,100
[lem G § 325

Total $19.325

3 Most ot the figures given are trom RCA price lists, Prices will vary from one manutac-
turer to another, There will be sach niise clfancous items as mike plugs, wall outlets, cte.,
which are not shown. Onty the main items have been considered.

41 he cost of some extras is given so that vou can dress up the basic package.

5 Camera tubes come with the camera chains, Figuves are shown for comparison purposes.
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Fig. 3-25. The RCA TK-14, a studio pnage orthicon camera for mono-
chrome use. This camera, mounted on a portable tripod, uses a 3-inch tube.

(RCA

_‘H
. b

o
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P)ﬂ““f@im
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Fig. 3-27. This camera
pedestal, the RCA 1D-10, 1s
Fig. 3-26. The RCA TK-154, a studio suitable for either a vidicon
vidicon camera, uses a I-mch wvidicon or monachrome studio cam-

tube. (RCA) era. (RCA)
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VIDEO B ltem 2 (vidiconcaunera) ..o S10.38H
Ltem S S 1100

eI O s LI 1245

Towl S11R10

AUDIO 2 BK-1A microphones........oooooo S 116
3 BK-6B Lavalier microphones ... S 258

Speaker (inexpensive) oo $ 10

Towl S 414

LIGITTING 10 18-inch scoops ..o S 4H0
4 6-inch fresnel spotlights oo $ 160
6 do-it-vourself spotlights .ooooooooo b3 30
6 do-it-vourself stiplights .o S 204
Lighting installtion . ...ooooo oo S oo
(Approxinute cost for wiring with con-
duits and outlets for 32 hixwres, two
circuit breaker panels. cte., not includ-
ing Libor)
Total § 1244

The otal cost for these suggested basic items, including video, audio,
and lighting amounts 10:

VIDEO A Image orthiconcamera ... $20.983
VIDEO B N IICON CICT s e S13.468
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Chapter

The Control Room

As the control voom design is based on the range of programming a
station plans to handle, it is necessary o consider programming hirst.
Large, complicated dramatic productions will require several cameras,
many microphones, switchers, andio consoles, and associated cquip-
ment. plus all the manpower that is required to ran them. The small
television station, however, shoald not anticipate this tvpe of shows s
usual live programming will consist of news, sports, weather, farm,
kitchen, panel, and discussion shows, which are not complicated, take
litde equipment, and need onty a few people to run thenn "There may
occasionally be more elaborate and complicated production venres,
depending upon the amount of tlent available Tocally. (College and
country music groups, Police and Sheritt Departments, and others may
wish to present more complicated productions, many of which can be
developed into more than the usual panel show,)

Our considerations here are divected to the small station working with
basic equipment and personnel at minimal cost. The cquipment de-
scribed s designed o handle local panel shows, some tairly elaborate
productions, film shows, and off-air pickup for rebroadeast ol network
shows or another stdion’s productions. (Ihe studio deseribed i
Chapter 3 will accommodate all these various shows.) There is considered
1o 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 transmiter under control, and handte the film projection work.

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

Minimum Video Requirements

Camera Systems

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

The image orthicon camera system comes in two styvles, studio and
tield, 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-imounted power
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supply. The studio stvle costs less than a ficld stvle. The fiekd stvle moni-
or. CRO, and controf chassis and panel are housed in one portable
case and the power supply for the complete chainis inanother. The field
stvle will handle programs just as well as the studio style, but 4 special
stand must be built 10 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 1o use the field camera chain, Live remotes are complicated
and can be costly, There is very ule comparison between a television
remote and a radio remote. The radio remote can be accomplished by
one man with an amplifier or tape recorderand andio line and can cover
many interesting local events live at very litde cost. A television remote
will require at feast one ficld camera chaing monitors, and other items,
such as a syne generator, plus microwave. In addition, audio facilities
are required. I vou are considering video tape instead of microwave
for live coverage in the field, vou will find that i video tape recorder is
an expensive item that may cost more than all the technical equipment
used ina radio station.

Unless there are enough interesting events to attract enough sponsor-
ship 1o pay the costs, itis highly unnecessary for a small ubf station o
vest in remote equipment. When needed, field coverage can be ade-
quately handled in o 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 detaved.

Remote-Controlled Cameras

Chapter 3 did not discuss remote-controlled studio cameras hecause
most ol their operation is done from the control room. A remote-
controlted camera is mounted on a special motor-driven pan and il
device so that camera panning and tilting may be handled in the convrol
room. Some cameras, such as the General Eleetrie, model PE-22A are
designed especially for this purpose. This unit, shown in Fig. 4-3, is a
mansistorized camera with a remote-controlled zoom lens: pan, tile, and
soom actiont are controlled from a panel in the control voom. Tt doesn’t
even have a viewhinder on it Standard cameras can be operated in this
way. but a special pan and tlt assembly must be mstalled.

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

www americanradiohistorv com



www.americanradiohistory.com

THE CONTROL. ROOMN Q)

~1

Fig. -3 A trawsstorized studio vidicon camera designed for remote
control wse, the GE PE-22:1, Note that there is no viewfder. (GE)

minute. A remote-controtled camera will do the job without a camera-
man, but, of course, the display must be set up in the correct posttion.

Remote-controtled cameras, however, are not suitable for exchusive
use, even ina small station. Forany tvpe of production work, the camera
IS stationary, even thongh it pans, tihs, and zooms, and the seene is shot
contimually from the same viewpoint. Even a news or pancel show will
become very boring 1o a viewer watce hing it from the same vie wpoint all
the time. Shifts of vie wing angles would require more cameras it only
remote-controlled units were used.

As an additional camera faciliey for commercials, displavs, cards, and
the like, where there is Hmited action, the remote-controlted camera has
its place. For production work. it is best 1o be able (o move the camera
o many positions during @ show, especially when there is onh one
studhio camera.

There is another point that should be considered. A camerman does
not have to be a highly-skilled person. Announcers, production people,
oranvone withany degree ol dexterity and sense ol proportion can soon
be taught 1o do a reasonably good ,nl)nl camera operation. onsequent-
v, no special personnel need be hived just for this purpose. Hthereisto
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be some limited action displav, product, or sign, the vegular camera
can be positioned., focused, and electronically capped in the control
room: then, with the fhip of a switch, the spot s ready for airing.

Film Cameras

The beginning station has the alternative of using one or two filn
camera chaims, (Figure -4-4 shows two standard film cameras.) A single-
camera svstem (Fige 4-5) will use some tvpe of multiplexer so that two
lilm and two shide projectors may operate into one camera. With this
method, slides or film will often have 1o be “raken™ on the air blind,
hecause one or the other projectors will be showing. “This is notan in-
stirmountable problem, but careful stacking ot slides and other program

(B)

Fig. -1 (d) This transistorized vidicon film camera uses the I-inch
wvidicon tube. (Sarkes-Tarzian) (B) This vidicon film camera, the RCA
TR-22, uses the 1.5-inch vidicon tube. (RCA)
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Fig. -5. A film cameva chain with a single camera, projection cquipment,
and multiplexer.

material is necessarv. 1t is possible, however, that slides will be stacked
upside dowir or hackwards, film leader will get on the aiv, or the wrong
slide may he shown on a commercial,

I the program schedule is @ heavy film sehedule, much air tme Gin
be lost it the single ilm camera fails and has 1o be repaired. (A station
that gets network programming divectly, not on Gl will have pro-
gramming available until the filin camera is repaired.)

A two-camera system (Fig. 4-6) requires two complete filhm camera
chains and two muhiplexers. There will be one ilin projector and one
slide projector with cach cameras Such a system, although more expen-
sive than asingle-camera svstem. provides manv advantages and is more
flexible. Previewing of material hefore aiving is a simple matier. For
exanmple. white one slide is on the aivs the next shde 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 anv other cor-
rections can be made immediately before the stide gets on the aiv, The
two-catmera svstem s abso o safeguard againse ost air tme due 1o
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 filn, The number of live
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Fig. 1-6. A dual plm camera system with two cameras, projection equip-
ment, multiplexer, and spare inputs.

shows will be quite small compared to film shows and commercials. 1f
a news show, for example, is on the aiv and the studio camera fails, the
newsman can stll continue to give the news stories over news pictures
and shides. When the seript calls for a return 1o the studio, o shde may
be shown instead, while the newsman continues to give the audio ma-
terial. However it a full-length movie is being shown on a single film
chaim and it goes dead, there is nothing to put on the air unalicis re-
paired. Whether or not to have two filhm camera chains is a decision vour
company will have 1o make.

Multiplexers

Whenever more than one source ol program material is to be fed o a
camera cham, some type of multiplexer is required. With the vidicon
wbe, becanse of its verv small target, the direction of ight and how 1
Fands on the faceplate are critical. When a vidicon camera is mounted
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direcdy on a ilm projector, there is no problem. However, when the
Gamerais used with aomaultiplexer where as nunvas four PICTUTe sources
are directed 1o the one cimera, a field Tens must be used. This lens is
placed between the comera and the light sources, so that the camera
focuses on the hield lens, as do the light sourees. Fach light source must
take the same path so than they are all on the sime axis when they reach
the held Tens, This is usually accomplished with special prisms in the
multiplexer.

In the RCA TP H-Comuahtiiplexer, the camera is mounted on one end
of the top able. ITmmediately out in front of the camera lens is the
lictd lens. At the o end of the able,aslide projecior is mounted. Fhe
prisms are mounted between these two. The slide projector shoots its
picture through the prisims 1o the fickd lens, There are three more open-
ings on the sides of the table 1op so that two projectors may shoot into
the multiplexer through ditferent prisms. The towrth input can be used
by adding whatis called ac fourth imput Kie: Fhis kicindudes another field
lens and @ solenoid operated mirror. In all cases, the light from each
sowrce comes along one light path o the vidicon tbe, There is a sieel
cover that encloses the entive top of the multiplexer so that icis free from
any extrancous room hght that mav get into the opical svstem and is
dust tight 1o Keep the lenses and prisms clean. In this fashion, the muli-
plexer novonly provides for the proper divection of 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 mudtiplexer is an opague projec-
torassembly, Actually, this s nota projector, but mervely an extension ot
the lens svstem ob the mualtiplexer’s tourth input. This device will permit
the projection of o hmited wmount of action originating in an aiea of
44 X6 inches 109 X 12 inches, Exen though the area is sall, icwill
permit such actions as pouring a liquid into - glass (ive), showing off
ring on someone’s hand or jewelry on a trntable, displnyving roll charts,
fhip chants, o spedial pictures, ete, These nan allb be done hive in the small
area indicited above, When vou begin with o multiplexer and one
camera you nuany then eventually addd another camera and multiplexer.
This will increase the picture sources remendously and provide a
greater Hexibiliny in programming.

The Synehronizing Generator

The heart ot the whole svstem s a svnchronizing generator. his
unit forms, shapes, and sends all the necessary pulses 1o att the video
equipment, so that it may work properh and in proper synchronization,
So much depends upon the s generator that von should consider
having one for standby that mav be put in service immediately it the
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tirst one should fail, .\ station can start with only one generator, but i
should obtain i second one just as soon as fimances with permit. In con-
Junction with the syne 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 caneras havean elee-
(ronic protection circuit to protect them should the generator fall it the
circuit is not working properly, failure of the syne generator can rum
an expensive camera the.

The Video Siwitcher

A video switcher will be required, since more than one source off
video information will be used. How complex this unit should be de-
pends upon the number of video sourees and what you wish 1o do.

For a number of vears, RCA built a smadl audio-video switcher, the
TC-1AL Ts main purpose was o supphy the minial audio and video
switching facilities that a station could use. in what RCA termed its
“hasic buy™ package. This switcher had many Hmtations in both the
audio and video lunctions. Most stations expanded it with o lap-dissolve
video unit and andio consoles. The TC-LA is no longer available, but
vou should be on the lookout for one on the used-cquipment market, for
it has many possibilies that can expand its usefulness remendously.
Some of the many modifications that can be made on this unit are de-
tailed in Appendix B,

The TS-5A video switcher is o small Tap-dissolve unit that permits a
total ol five video cireuits 10 be switched, dissolved. faded, or super-
imposed, as the sitiation requires. Unlike Lirger switchers, ichas no “ofl™
button: it this teature is desived, one of the video mputs should be lefi
unused. Doing so will reduce the input capabitity to four video sources,
but this amount witl handle most ol the sources a small station will
usually have (i.e., one studio camera. one or two filim chains, one network
or ofl/air receiver).

Fig. 4-7.  The RCA TS-54 video switcher, lap-dissolve unit. (RC.A)
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The 1TS-5\ s made up of two sections: the push-buton/tuder panel
and the amplihier section, conmected by short cables ( Fig. -1-7). T'he fader
panel mav be mounted cither on the well ol the table section (Fig. -1-8)
or upright in the cabinet section of the console housing, with the ampli-
her located vnderncath in both cases.

Fig, 4-8. The RCATS-54 wideo switcher mounted in a standard console
housing weith -« master monttor. In this arrangement, the fader pushbutton
assembly i mownted in the well of the console. (RC.1)

Video hnes will terminate internathy in the switcher, into 75-ohm im-
pedances: Should it be desived to monitor the lines ahead of the switcher,
the coax cable should loop through the from end ot high impedance
deviee, such as a distribation amplifier, so that the end of the cable run
is at the switcher, as in Fig, -9,

Monitoring

Momitorving of the video s important in many arcas. .\t the console,
the control engineer should have aomonitor with GRO on the il chain,
the studio camera chain, one on a monitoring panel with selector but-
tons. The CRO in these cases will permit cheeking of video levels and
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"~ CENTER
CONDUCTOR
"HIGH SIDE"

= SHIELD TIED TO GROUND

VIDEO VIDEO SWITCHER
SOURCE (A) INPUT
75 OHM CABLE
LOOP THRU
:‘N";ET'MPEDANCE ; 75 OHM TERM INATION
AT END OF RUN
prstresution | (U T0 VIDEO
AMPLIF IER MONITOR
(B)

Fig. 4-9.  (4) The video cable is an unbalanced ystem with the shield ay
its dow side. (B) The wvideo cable shoadd loop through a high impedance
device and tevminate in 75 oloms at the end of the run only.

wavelforms, Fwo of these monitors will come with the film and stadio
chains, H an outside progrion source, such s a network or oflzar re-
ceiver is used, it is helptul 1o have @ monitor on this position all the
time, A tvpical monitor is shown in Fig., -4-10. In some cases, the monitor
may be a straight video monitor and the wavetorm monitor may be
sepanate, which permits one waneform monitor to serve more than one
video monitor. There should be monitors at the Director’s position for
network, studio, film, and air. These need onhy be video monitors with-
out the CRO), because the Divector is mterested only in the pictare aself,
not the wavetorms, Additional monitors will be desired in other parts of
the station, such as the salesroom or in the lobby, "The lobby monitor
should alwavs show what is on the ain.

Amplifiers

Stabilizing amplifiers are used 1o help clean up video and syne prob-
lems, Some also include high peakers o improve frequency response
and syne mixing, white clipping to prevent over-modukation, and white
stretching (o overcome poor lincarity in the transmitter power tubes. A\
least one of these amplifiers will be needed o add syne o local video
programs and feed the ransmitter where the video and syne fevel must
be controtled TEan ofl/air pickup is used for programiming, a stabilizing
amplificr should follow this receiver to clean up any syne or video de-
terioration that may have occurred.
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P—Y
—— .
L —— ey |

(B)

Fig. 1-10. 1) The 8-inch video monitor may he mounted in dual units
in a 19-inch console or rack. 1t can be either transistorized or tube-type,
with internal power supplies. (B) The internal construction of the 8-inch
video monttor. (Miratel Electronies, Ine.)
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Distribution amplificrs are of at feast two tvpes: those that have one
imput and one output with unity gain and those that have one inputand
three outputs with gain. “T'hese anplifiers have bridging inputs so they
will not load the 75-ohm circuits and are used for isolation or to feed
monttors or other such runs. Many of these distribution amplifiers are
now made as transistorized units, so that a number of them ke up anty
a small space.

Power Supplies

Most video equipment does not have internal power supplies. "The
power supplies are usually rack-mounted hecause of their bulk and the
heat from the tubes. Cables are run from the power supplies to the
mdividual units. Many items of equipment are becoming transistorized
and often have their own power supplies internally in the cabinet. There
are also sohid-state power supplies that have a high current capacity.
These take up much tess rack space than a tbe supph of comparable
Capacity,

Minimum Audio Requirements

The studio complement 1o the video equipnrent will also be rather
simplibied. as indicated in the block diagram of Fig. 4-11.

Audio Consolette

The RCA BC-HB is sl audio consolette that witl provide sutheient
facilities to handle the needs of a small studio. Tt is shown i Fig. 4-12
and s block diagram is given in Fig. 4-13. This unie, 11 inches high, s
designed with a sloping frone panel o match the video cabinets and is
only the width of a 19-inch rack. Completely selt-contained, the pre-
amplitiers, Iine and montor ampliiers, and power supplies are all with-
in its cabinet. Although tubes are used throughour, it does meorporate
spectal printed wiring hoards.

Nothing special is required in the wav of a table or counter to moum
the consolette, but it will vequire mounting, since it does not have its
own tible or legs. A simple able arrangement mav he built right into
the control position: its essential features arve a tlat top and provisions
for bringing the external wiring cither 1o the rear or botom of the
consolette.

Six low-level mputs, such as microphones or turntables, may be switch-
ed nto three preamplifiers. Only three of these six sources may be inuse
at one time. These circuits are normally supplied at 150-0hm balanced
mputs. They are tansformer inputs, so straps mayv be changed it other
impedances are desived. There is an additional preamplifier input that
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Fig. 412, The RCA BC-5B audwo consolette. (RC.A)

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

The monitoring civcuit of this consolete should be expanded so that
different arcas in the staton can monitor for dilferent purposes, For
example, auditioning may be desired only ina sales room or other ofhice,
the Tobby should hear only what is on the air, the control room should
always hear what is on the aiv, even though hstening 1o an audition at
the same time. Additional external monitoring amplitiers would be re-
quired for these purposes. 1t is possible that the control engineer nay
accidentally put the aunditioning material on the air: without a separate
aiv monitor this could go on unnoticed tor some time, The viewer would
not let it go unnoticed, however.

A console with mternal amplifiers does have some disadvantages over
a console that nses rack-mounted amplificrs. Hoorouble develops during
a program with internal amplifiers; 10 is ditheult o correet i, When
separate amplifiers are used, one may easily use patch cords to getaround
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the detective unit, which can then be pulled out, vepaired in the shop,
and put back into service without too much interference o the prograum
11 Progress.,

(Since this consolette is operated with fever switches rather than relay
switching, there aren’t too many modifications that can be nrade o adapt
it 1o semiautomatic operation, as can be done with the TC-4A switcher))

The BC-5B is capable of delivering plus 18 dbm program tevel, which
is more than adequate o modubate a oansmiter. Ieis not good practice
1o drive the transmiter direcdy trom the console. In order that the
audio portion of & program min have more consistent levels, both an
age amplifier and a peak limiter should be used between the console and
the ransmitter, The age amplifier will assist the operator in maintaining
a consistent program leveland the peak limiter will prevent overmoduta-
tion ot the tansmiter, thereby fulfilling FCC regulations and. at the
same time, preventing any distortion that imay occur in home receivers.

‘ el .

Audimas QIR sutematia level sentrel ©86 LARORATOMIES

gty

Fig. A-1-1. The Audimax RZ 1. an age audio amplifier. (CBS Lah-
oratories, Inc.)

Audio Amplifiers

In tefevision, straight age amplificrs are useless, Television programs
arce ol a dramatic, demonstration, or discussion nature. ‘There will be
many panses, during which o straight age amplifier witl putlap the noise
1o very undesivable level, AGC amplifiers that are designed especially
for television (such as GBS Laboratovies', model R7Z 11 shown in
Fig, 4= T4, specially gated tvpe) will prove very helptul tor the one man
on the control board. "This age amplifier uses the previous 10 seconds of
program material as s basis for changing the average level This will
allow long pawses between words without the amplifier changing s
gain. With no input signal over a period ot 45 seeonds (e.g. at the end of
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a network program). the amphificr wilt gradually retarn the gain setting
to approximately mid-gain, much as an operator would with his fader
control, not knowing what the new program level will be.

Noise level inatelevision svstem is genevatly higher than a comparable
radio system, The noise fevel of film s higher, especially optical sound,
and noise levels in the studio are higher due to prop movements, groups
of people whispering, and instructions passing over the interphone
svsten. A straight age amplifier, during a0 pause, with putl this back-
ground noise up to program level, which is very objectionable, and will
canse quite a “hreathing™ eftect.

Tape Machines

There will be additional audio program sources, such as tape and
tarntables. Cartridge tape or conventional tape will satisfv all require-
ments, although conventional tape will not be as efhicient or effective as
cartridge ape. Al commercial announcements that do not require
sound on film or an announcer on camera can utitize tipe for the audio.
Tape machines have a high level, 600-ohm ontput, so they can be opera-
ted dhirecthv into either the Net or Remote positions ot the consolette,
(The reference here is to audio tape machines, not the audio channels
on video tipe machines))

A place will be needed 1o record tapes i, sinee the control room will
have too much noise. Fither a recording hooth or the studio nay be
used. A recovding booth or position can be set up so that the announcer

Fig. 4-15. The “Level Devil” an audio age amplifier: (rear) wwith its
pael closed: (fronty with its panel opened. (Gates Radio Company)
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can record the apes himself, This will vequire additional equipment:
leastactape recorder, either conventional or cartridge . and an amplifier.
Suchan amplhifier as the Gates Radio Company, “Level Devil™ (Fig. <1-13)
a gated type. would be very satistactory heres The advamtage of a sepa-
rate recording operation is that it allows the announcer and conurol
engineer o work independently suiting their own particular times and
schedules. Sometimes, without i separate recording booth, scheduling
can become a problem. This may run into overtime, which, overa vear's
time, could well pay for the necessary equipment needed.

Off/Air Pickup

I vou are going to get a network feed or other program source, vou
may sometines use an oflzair pickup technique to advantage and ar a
great savings in money. 1 the primary station puts a poor signal into
vour area use the height of vornr tower 1o pick up a better signal. You
can pick it up, amphity, reshape, and rebroadeast it However, this can-
not be done indiscriminately. You must have a network contract and
approval, permission from the originating station, and the FCC mustbe
notified.

For olt’air pickup vou will need a good rugged antenna, preferably o
double-stacked Yagi of the community antema system tvpe, which will
give long trouble-free service. Tt should be mounted as high as possible
on the TV tower (100 feet up is not nireasonable), The down fead
should be one of the low-loss, foam-fitted ., coaxial cables, with ahomiman
sheath, 75 ohms. The receiver should be one especially buile for this
purpose, such as the Conrac AV-12F (Fig. -1-16), which will be Tocated
m the control room. These receivers may be purchased with cither a
turret tuner for all vhit stations, or individual plug-in, arvsal-controlted
tuners for individual chinmels. Tuner swrips are available o insert in
the tarret tiner w pick up individual uhi channels. Follow the receiver
with a stabilizing amplilier so that any deterioration of the signal that
may have occurred can be cleaned up. This svstem is shown in block
diagram torm in Fig. 4-17.

Some problems may be encountered when attempting 1o set up an
oft/air system. I a o mam street or highway is nearby there will bhe a high
ignition noise tevel, A very high antenna and good signal strength are
required 1o overcome this problem. Interference may come from a
muttiplicr stage i the TV gansmitter, or from an AM or FNM oans-
mitter b they are tocated nearby, There nmay also oceuwr, from time 1o
time, co-chimmel interterence. Most of these problems can be sobved,
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 veceiver for off-the-air pickip.
1t may be wsed weith a plug-in turvet tuner for the 12 ohf channels or -
dividual plug-o0 crystal contvolled channels. 10 wses strips in the tarvet tiner
for whf chanuels. ( Convae Division, Gianuini Controls Corpr)

N HEAVY DUTY COMMERC AL
DOUBLE STACKED Y AG!
MOUNTED HIGH ON TV TOWER
N
viDEO

MONITOR
LOW LOSS Q
COAX AL

[o]
CABLE E

SPECIAL VIDED STABILIZING TO VIDEO
- 4> —
7| RECEIVER AMPLIFIER SWITCHER
AUDIO L TOAUDIO
"~ SWITCHER
Fig. 1-17.

A Mock diagram idllustrating of{-the-aer pickup.

antenna at a lower devel will often prove helptul in combating co-
channel interference. Usuallyv, co-channel interference will be lower or
nonexistent at the lower level, but von may have 1o compromise by ac-
cepting some ignition noise in s place.

www americanradiohistorv. com


www.americanradiohistory.com

74 PLANNING THE LOCAL UHF-TV STATION
Film and Slide Equipment

Film Projectors

Several good 16 mm flm projectors arve 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
“collee grinders™ by some operators,

Shoutld o station want the very best in projection equipnent and can
aftord it, the Fastman model 350 (Fig. 4-18), accontinuons projector, can
do mam things impossible with other 1 pe projectors. Most projectors
are of the intermittent type: they have some tvpe of claw irrangement

Fig. 1-18. The Eastman 350, a 16 mm continuons film projector. (FEast-
man Kodak Co.)
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that reaches out and pulls the fitm past the gate during blanking time,
The shuner or light is ssnehrvonized with vertical blunking. so (hat a
burst of fight is sent through the film only during the blattking interval.,
The continnous projector uses a continuous, 100 pereent light applica-
tion, Instead of an intermittent mechanism, o pair of rotating mimors
are used o that there is no appearance of film tavet in the projecied
picture. There is no chinw e all. Consequentdy, the film may he run in
reverse lor cueing purposes or i the cise ol an overshoot In the
operator, Should this occur with an intermittent tvpe projector, the film
would hive 1o be taken out ol its path, backed up.and rethreaded.

-

-,

PICTORE —
Mask |—'_'_

/
PROJECTION
Lens coLLINATOR

MiRROE ‘.llltt::‘l:‘ . \\l!_.‘ 4 /'l';;:;.* L
’"-\:A::" Y E‘Q 5
i

e g, T vislcen
R

Fig. 4-19. The optical system, seith film defect supp ession, of the Easbman
350 projector. (Eastman Kodak Co.)

The 100 peveent light application of the continnons projector permits
the nse ol deviee known as o shew-ray plate. ' Uhis plitte hreaks the light
beam up into many random light vans as ic passes through the ilm, thus
dluminating it from many dilferenc imgles, as shown in Fig, 1-19. This
cifectively erases any sevatches that may be on the il the projected
picture does not show them at all (see Fig, 4-20\ and B). The Fastman
350 has many . many deluxe Teures. T will give superior resulis and
nany operating conveniences, but it will also cost abont thrce times as
much as the RCATP-16 projecior, Fastman builds the miodel 350 ox-
clusivelv for General Flearies as part of the GE model PE-T10C con-
tinuous-motion projector. Fhe model PE-10C s made up ot the 350
projector and a pedestat, which contains the operating controls and a
blower. This unit costs about $15,000.
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Fig. 4-20. (A) This photo, takeu from a monitor, shows that the film s
hadly scratched. (B) The same film, run on the Eastman 350, demonstrates
how the defect suppressian system completely elimmates the scratches from
the on-the-wir picture. (Eastman Kodak Co.)
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Bewween the top and bottom models, there are three other models
with various features and price tags. The fivst in Hine is the Fastman
model 275 (Fig. 4-21). This projector uses the “Geneva Star™ movement
n s intermittent hhn-drive svstem. Isolation between the ransport
mechanism and the intermittent system makes i quict. smooth-running
projector. Nextin price fine is the RCA TP-6 which has many nice fea-
tures to reconunend it Fhe most recent entry s the RCA TP-66 (Fig.
4-22) which uses solid-state amplifiers and power supplies. While it is
an intermittent tpe, ic canalso be ran backwards, will project a single
frame, and mddudes nam deluxe feares. Pricing on the TP-66 and
IP-6 are essentially the same.

Muny operators have their own feelings about projectors and manu-
Factarers, There are at least five maodels i tour price ranges to choose
from and cach one has many addidonal featares that mav be added at
additionat cost 10 provide greater case in operation. All but the RCA
TP-16 can be adapted tor magnetic sound pickup from film. In choosing

Fig. 4-21. The Eastman 275, a Fig. 422 The RCA TP-66, a 16
16 mm film  projector. (Eastman mm film projector that uses solid-state
Kodak Company) amplifiers and power supplies. (RCA)
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a model, one major tactor should he considered. A small station, unless
it can get a network atliliaton, will program the bulk of its operating
dav on Alm. This mav be il teatures, series, news, commercils, or
film made by the staton iselt. Theretore, film will be the bread and
butter operation center of the station and good dependable equipment
should be selected.

Sty awiy from very cheap projectors or home wpes. Money spent for
these will he spent toolishiv, as the cheap ones will soon fall apart and
not be dependable at all, while the home types will not work incacele-
vision svstem,

A division of RCA Service Company will sell maintenance contracts
o television stations. Althongh intended primarily as a service feature
tor purchasers of RCA projeciion equipment, they will accept contracts
covering other makes and nitodels of projectors. Included in the con-
tract price will be monthly service calls, emergeney calls, and replace-
Ment parts,

Two film projectors will handle the bulk of film work for a small
station i the control room. A small lu;rlul)lc projector can be used 1o
advantage in the film room for previewing fil. Fhis will speed up work
and will not te up the regular program projectors.

Al television projectors are equipped o run by remote control, so
they can be started, shown, switched on andio, dowsed, orstopped trom
the control console. The projectors should be located in the control
room somewhere near the control engineer position, so that he can
handle film loading and shide stacking. 1t is bewer for him o become
accustomed to the noise than 1o locate the projectors so tar away that it
requires i second man 1o do the projection work,

Fnough space should he provided around the projectors so that thev
man be serviced casitv, rewinding operations ave uncomplicated. and the
films to be shown may be kept ar hand.

Television projectors are normally equipped for optical sound re-
production. Magnetic sound mracks are gaining in populariy and ac-
ceptance. A magnetic sound tack on - the film will give a sound far
superior o an optical track and will possess i considerably hetter noise
figure. You can expect quality from a magnetic track as good as vou
would get with a quality audio tpe recorder. Te normally onhy requires
a fhip of a switch at the control position to change from optical (o mag-
netic sound on a projector so equipped. Magnetic sound reproducers
are listed as accessory items on projectors, so it this feature is desired,
it will cost more.

Slide Projectors
Slides make up another importantaspectot projection work. Thereare
avariety of slide projectors available. Some ave single units (Fig. 4-23A),
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Fig, =28,y A single slide projector with 7-inch tens. (B) A dual slide
projector wath 7-1 2-inch lens (Spindler & Sauppe, .

only holding a few shides, while others are dual units (Fig. 4-231), hold-
mg many shides, and some have random selection available at the con-
trol posttion. Al slide projectors can be operated by remote control
Shdes used are standard 35 mm il posttives, set ina shide holder,
Many, many things will be made up on shdes, from commercials 1o news.,

Engineering the Control Room

First, vou should make a plan of the proposed operation, equipment
Lavour, ducts, conduit rans. ete. (See Chapters 9 and 10O Tt s also a
good idea 1o have a wiring diagram of what is planned. AN wiring pro-
ceeds, any changes that are made should be written or diawn 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 diagrm in Fig. =24 Draw all changes as it they
were to be drawn for a stranger who will get no explanations. Ina couple
of vears, vou will be this stranger and will appreciate the thoroughness.

1-2 N”‘ oo 7-8
I s LR

82
5-6

(A)

RACK ®3  AUDIO BLOCK *2

EXTERNAL INTERNAL

JACK Al , _LIMITER

7/PS , _INPUT

LIMITER T3 _JACK B/ TIPS

oOUTPUT (NORMALED TO C1)
STRAPPED 7O —’5— JACK B2 TIPS

TERMS 3 € 4 o (UMITER OUT MUL T/PLE)

TO TRANSMITTER
AUDIO INPUT

JACK C!f TIPS
(NORMALED TO B 1)

® N

Qo

/
(B}

Fig. -2 (4) A tpical audio wiring diagram. (B) The terminal hlock
sheet showing recovded wiring data.

Video

Video svstems are made up ona 75-ohm, unbalanced svstem, one side
groumded. Consider all video cireuits as high-level cireuits and keep
awav from low-tevel microphone cireuits. All video runs should be on
flexible coaxial cable. The most common cables have been the RG/TTU
and RG/SOBU, 75-ohni. With the advent ot color, which has put more
stringent demands on video svstems, new coaxial cables have been de-
veloped especially tor video, One such cable has a double shield and
physicallv s about midway between the RG/TT amd RGDIB. T size,
the RG/TT s the Eorgest, the video cable next, and the RG A9B s the
smallest. Loss figures vary: that of the RG/39B is about twice that ol the
RG/1T1 and the special video cable fosses are midway between these two,
In price, the RG/TT will cost about 10¢ a toot, the special video about 164
a foot, and the RG/HYB about -1.6¢ a toot, in 1000-toot lots. One should
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cotsider the Toss on the cable when very long runs are 1o be made. This
will depend upon how much loss the svstem can stand at that point.
Standard video fevels arve | volt peak-to-peak (composite) when using a
color svstem. and 1.4 volis peak-to-peak when nsing a monochrome
svstem, The lower tevels for the color svstem are designed 1o prevent
muln‘ulmg nonlinearinv, and phase shift pml)l(m\ that adfect color
more than monochrome. With color growing in popularity, it is well 1o
design the svstem inanticipation of future color operations, even though
vour nitial operations may be only in monochrome. Exen though the
better cables for color cost more than standard cables, the Tuture cost
of replacing them will be avoided it the operation shifts over to color
programming. ‘T'he beuer cables will also improve the present mono-
chrome svsten.

Audio

Audio cables should be ot the two-wire shiclded tvpe,as in good radio
practice. I vou acquire a TC-EN switcher, which uses 150-0hm unbal-
anced cireaits, use unbalanced for circuits which go directhyv 1o the
TC-EN but atter getting awav from the switeher, as in the himiter and
ansmitter, go hack to the 600-ohm bhalinced systemn. The BC-3B con-
solette uses standard 600-ohnt halanced cireaits, so there will be no
problems. .\ good, single audio cable 1o use will be one that has tnned,
solid #22 wirves, wraparound shield with separate ground wire, and a
plastic outer covering. By using a shielded cable that is insalated, fewer
ground problems will arise and there will be less opportunity tor bare
shields o short out terminals, The inner conductors should not have a
plastic msulation because heat often breaks this down, which gives rise
1o other problems.

Multiple wire cables are also available. These will save much thme, be
more eflicient, and make a neater instatlation wherever they mav he
used. Basically, they have a number of individually shiclded pairs i
one cable, cach with their own ground wive. This is the sime as makimg o
number of single cable rans and then Yacing them all wogether into
single large cable. You can use mualtiple cables in runs hetween the main
audio rack and the console or tor the microphone runs into the studio,
where vou may have trom four 1o twehe outlets. Naturadly, running a
speaker line from the control room to the other end of the building with

10-pair cable would be a waste of monev. When making a cable run,
whether audio or video, alwavs pull in some spare circuits when the
initial cireuits arve putled in or placed in the ducts, Al future needs can-
not be anticipated and it doesn’t take very long before new instattations
start o modify the orviginal mstallation. This is the time when the spare
civcuits come in handv and save a lot of time,
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Racks

Each rack should be equipped with a-c power ona plug-in strip, which
provides outlets every six inches, as shown in Fig. -£-25. By this method,
cach individual unit in the rack mayv be plugged into the power sirip.
Since cach unit will have its own disconnect, it will be a simple matter to
remove a defective umit from the rack without shuttimg down the whole
rack, which inn many cases mayv not be possible due to the on the air pro-
griun matertal going through the equipment in the rack. icis desirable
that all a-¢ plugs be nwistlock, which gives amore positive connection
and secures the plug against accidental unplugging.

A-C
PLUGMOLD ST T 05T
STRIP :
| GROUND
i |_— | STRAP
4
o[8 0 0 50
REAR D FRONT
1]
: te] 3 8 0008
> 10120V AC
-
FLOOR DUCT %
BUILDING B . - GJ.‘ ]4 ]
GROUND\—:/,/1//’ //', v VA;"
A - N ,
e '-‘;Avb".v‘t‘vév.ﬂ:ﬁ'.-’-'jﬂﬂ’»q‘n:

Fig. 1-25. Power is supplied in a rack by tving a plugmold strip into the
a-c poeer. 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 soldered to the building ground bus.

A copper sirap for grounding is another good feature to add 1o the
rack (Fig. 4-25). "This strap should run down one side of the rack, from
top to hottom. and be soldered 1o the building ground strap in the
trench (the wiring duct built into the floor). I vou are using overhead
wiring racewavs or enclosed ducts, take this ground strap out of the top
of the rack. The top and botom of the strap are bolted 1o the rack.
Clean off” paint so that it makes good contact. Fach unit in the rack s
directly grounded to this strap, making it unnecessary 1o depend upon
the panct bolts cutting through paint to make a solid ground. i vou are
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using open frame vacks, there is less shielding available and there mav
be -1 pickap tfrom a nearby radio station, To overcome this, it is ad-
visable to bond cach unit in the rack with a very heavy ground of up 1o
10-inch wide copper flashing material,

Jacks

Jack fickds, both audio and video, should be planned in advance. 1o
mike 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 1o prevent cross-talk. Run the audio up the right side of
the vack s viewed from the rear), and the power, control, and d-¢
cables on the feft side. Aundio wiring should be grouped into cables
according 1o the signal levels they caonry (e.g., all low-level circuits below
=20 db in one group. =20 db to +8 db in another group. ¢1c.).

Television Remotes — Some Examples

As was pomted out carhier in the chapter, it is very unbikely that o
small station will do live remote work. However, there are circumstances
when live remotes are entirely feasible and not oo expensive. Depend-
ing upon the location and available space, hereare some epes of remote
programs that small stations have done.

A station with a downtown studio was only one building away froman
mportant hotel. The hallroom ol this hotel catered to conventions and
had manv imporimt 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 aodio cables trom the control room to
the hotel ballroom. While the station did have remote equipment, ex-
cept tor microwave. it did many important remotes from this location
without the cost of microwave rental.

Another station was located in the downtown section onan important
street. Station personmel ran a long camera cable from the third Hoor
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 Tocated on s own spacious
property at the edge of the city. scheduled many events on the lot out-
side the studio, especially: when groups were oo 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
tvpe, but a high degree of success can be achieved. Some such events
included college and high-school marching bands, college gvmnastic
groups, prize-winning show animals that were brought to the station and
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“interviewed,” plus many local interest features, The caomera was simply
operated brom the studio through the open outside door, using an ap-
propriate lens.

Litte League baseball is very popubar in Muncie, as in many areas,
WLBC-TV was one ol the st TV stations to televise these games ona
regular H-dav-a-week basis during the season and has been doing so cach
vear since 1957,

Cost was at a minimum, for the ball field was set up on the station’s
properv. The ity park department agreed o setup the ficld and main-
trin it, while the station built the backstop and o camera platform (Fig.
4-26). T'he cinv also donated some porable bleachers: Approximately

Fig. 4-26. The camera platform wsed by WELBC-TU to cover Litdle League
baseball games. (WLBC-TU, Muncie, Indiana)

500 feet ol camera cable was purchased and attached 1o the AM trans-
mission Hine supports. A telephone pole was set incthe ground so that it
provruded 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 wias
the camera, a viewhinder, a friction head, and a microphone tor the play-
by-play announcer. For audio, a single, long mike cable was run along
with the camera cable. At fivst, the camera was transported mea car
trunk, but Fater, o specially built care was made 1o carry the camera
siafelv o 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 plattorm and on the ground.

Other events have been televised Trom this field, suceh as an annual
fickd day event of the local Bovs™ Cluh,
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Fig. 4-270 The cameva mount on WILBC-FI™S camera platform. Note the
vubber shockmownting wheve the pole comes through the platform floor.
(WLBC-TV, Muncie, Indana)

There will be some speciat events that will command enough SpOnsor-
ship for o sttion 1o do a live television remote. For these occasions it is
sometimes possible to rent remote cquipment, even a complete remote
truck. Such rentals are ustadly worked out between the parties for cach
such occasion. Hence, it s olten g good practice to become acquainted
with other "I'V sations around the state., especiallv the larger ones,
Sometimes, durmg a stack period, a large station may have idle remote
cquipment. In many cases, thev would prefer to receive some income on
their imvestment trom rental. One word of caution: try 1o make arrange-
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ments a long time before vou would Hke to rent the equipment. Don’t
expect 1o have too much luck with a kist-minute request.

These few examples point up what important contributions a smakl
station mav make in supplving interesting programs in ther daily tormat,
without too much program expense, simply by using some mgenuity,

Costs of Basic Control Room Equipment

There are many deluxe features vou can incorporate nto the control
room to increase its abilitn to handle a greater production foad. The
following list. however, is designed around the hasic minimum in equip-
ment and cost. Pricing, in most cases, is from RCAs Tatest Hsts: it will
vary somewhat from that of other nnmufacturer’s equipment.

Video Equipment

TS-5A video switcher, console and adapter oo o ooooooo §1.770
T'A-0 stabilizing amplifier (with remote contol) oo S 1oso
TK-21B complete with vidicon tilmchain oo S 9015

Gncludes cimera, vidicon tube, lens, comrol and deflection
chassis, rentote panel. console liousing, master monitor. pow-
et supplies. and cable)

Console housing, TS-2B switcher, TM-Cmaster monitor S L3820
5 distribution amplitiers. 3 sync adders, bias supph . mounting

frame. . ..., .. PP e U
TG-2A SYNCZONCTIIOT Lo S 1150
6 17-inch video monitors (Mirnel Elecrroniesy oo S LA
9 WP-16B solid-stite power supplies. 1 centering voltage plig-

inunit. 1 24-volt power supply. 1 plate corrent meter ..o S 1993
Intercom equipment Chunits) oo A i)

Video pateh board and plugs. oo § 400
Total  $23.807

Audio Equipment

BCG-HB audio consolette . $ 1332
BA-6A Himiting amplifier ..o oo § 647
BA-24A additional monitoring amplificrand shelt. o000 S 248
2 SE-12A speakers with cabinets oo S 121
patch pantel, mat, and patcheords oo S 100

Towl § 2448
Film and Slide Equipment

9 RCA FP-16 film projectors with lens, optical sound. and re-

mote changeover pancl ..o S10.310
RCA TP-11C monochrome multiplexer oo S 1.770
Spindler & Sauppe model 3227 slide projector with ens..oo 8 3o
Slide cabinet, hand rewinds, film splicer (Netumade Corp) ... .. S 139

Total  $12.565
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Equipment Racks

Sequipment racks .o S 789
Total

Video equipment oo oo oo S23.807

Audio cquipment oo o S 2448

Film and shde cquipment oo o000 o $12.565

Fauipmentracks oo o0 $ 789

Fotad  $39.609

The basic minimum cquipment represented in this total higure will
permit the following tunctions: (1) Live studio. audio and video: (2) Film
from two projectors with optical sound: (3) Slides from one slide pro-
Jectors (4 Direct network audio-video feed: (3) Video monitoring at the
control position, divector’s position, a monitor in the studio and one in
the lobby: (6) Audio monitoring in the control room, studio, and lobhy.

The following items mayv be added o increase basic Hexibiliny and, of
COUPSC, INCIEINe CXPENSeS.

W cartridge tape is nsed, at least two plavback machines should he em-
ploved in the control room with a recording wanplifier and plavback
machine in the recording booth. 1 a conventional tape machine is used,
try 1o get one with relay starting. This will enable use of a pre-set posi-
ton on the video console.

Atwrntable niay be desived for background and fill music and special
cflects. Most of the program material can he put on cartridge or con-
ventional tapes if so, the turntable would be in the recording booth,

Magnetic sound may be added 1o film projectors cither at the factory
or in the field. 1f vou anticipate using magnetic sound, cither immedi-
ately orin the future, the projectors noted below Gtem 3) should be
purchased instead of the RCA TTP-16.

Cost of additional features:

L3 canmidge tape machines, RCA RE-7B. plus amplilier . ... S 210l
20 RCA BQ-5EA mwntable, complete with one arm, cabinet,

and stvdus oo $ 174
3.2 Eastman 275 il projectons, cquipped for both optical and

magnenic sound Lo oo S15.390
4. CBS Laboratories” Audimax RZ 1 Gige ampliliery ... ... S 600
5. Gates Radio Cos Level Devil age amplifier) ..o & 375
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Chapter 5
The UHF Transmitter

The UHF Band

By the Lite 10400, the 12 original vht channels, assigned in 1945,
were not sutticient o provide a nationwide service. In 19520 the FCC
increased the number of duomels b designating 70 ubt channels in
the 470-890 megacvele range. The new range of 82 channels (2-83)
permitied the FCC o allocate channels so that every community in
the country could be served with alocal ondet. The Tocation. range.
and frequency of cach outer was fixed to prevent the kind of haphazard
development that has plagued the AM band. Fach community, with the
channel or channels assigned o it s listed b, the FCCFable of Assign-
ments. This caretul planning has eliminated the need for directional
antennas and davtime stations: cach uht station can have full maxi-
mum coverage. When a directional antennais used i this service, it
has been designed 1o overcome coverage problems, rather than to avoid
mterference to other stations.

The channel designation tor a community is governed by rufes of
milcage  separation, which specity required  distances between co-
channel and adjacent-chimnel stations. Stations on the same channel
(co-channel) can not be closer ogether than 155 miles in Zone 1175
miles in Zone L or 205 miles in Zone L (Zones are designated in
paragraph 73.609 of the FCC Rules.) Stations on channels on either side
of a channel Gadjacent channet) may not be closer together than 55 miles
m all zones.

88
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Fig. 5-1. The GE TT-554, a 100-watt uhf~TV transmitter, may be used
as a full transmitter or as a driver for high-power transmitters. The man i
the photo s Ralph Thompson, GE project engmeer. (GF)

Power and Separation

To overcome some ol the propagation lactors at uhf, the maximum
radiated peak visual power may be 5000 kw with a tower height above
average terram of 2000 feet. The visual carvier requency must be main-
tained within £ 1000 ¢ps of the assigned frequency. The aural centen
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frequency must be maintiined at -£5 me £ 1000 ¢ps above the visual
curier, 'Phe tolerance for the aural carrier is tighter than for FM radio,
which mav vary by & 2000 ¢ps from the assigned frequency,

The separation between carviers is important and must be main-
tined. o not, the transmiters mav go out ol olerance. When both
carrievs are dritting in the same direction, there will be no problem,
unless they go past tolerance. When each carrier dritts away from the
other or towards the other, the separation may become oo hittle or to
much. W separation is too narrow, it may be ditheult to keep the sound
out ol the pictures ifitis too wide, trouble may be experienced on some
sets trving to tune both the sound and picture properly.

Fig. 5-2. Vern Shatto of KERO-T1 is shown inspecting their GE TT-57A
uhf transmitter, a 25 kilowatt model. This unit is driven by the TT-554 (GE)

Modulation

Amplitude modulation of the visual carrier is used. Negative trans-
mission is specibied, which means that black and shades of grev near
black i the picture information will cause the transmitted power out-
put to increase, and svne, which is i the blacker than black vange. will
represent the maximum peak power. In AM vadio, the audio is normally
composed ol equal positive and negative peaks, so that modukuion is
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a matter of preventing the negative peak from cutting the carrier. How-
ever, a television modulating signal is not made up of equal positive
and negative peakstitis a varving level of d-c voltages, with some com-
ponents remaining constant. ‘The audio modulating signal nuy be re-
versed in polarity on an AM transmitter withoutany consequences, bt
such is not the case with a television signal. Since black or blanking is
the only constant value of the welevision signal, and svne, the second
most constant value, sets on this (the least stable component is the video
information), blanking was chosen 1o represent a defintte amount of
modulation with syne vepresenting the peak of transmitted power.
Theretore, the tansmitter is comstiondy being modulated by the svne
pulses to 100 percent, allowing the video informaton to fall where it
will instde this figure, but not enough 1o cut the carvier. Acualhy, the
FCC Rules specity detinite tolerances around these figures.

Specifications for the aurval transmiter are essentiadly the same as
for M radio, with some exceptions. T TV, 00 pereent modulation
corresportds toa carrier swing of & 25 ke, The FM noise vequirement is
less (nunus 55 dbis permitted).

Special UHF Transmitter Features

Generating ubf’ carviers requires several new techniques, direnits,
and wbes. Crstals are sull the most stable cireaits for oscitlators, hut
their size Tt the upper range of frequencies at which thev will con-
tinie to oscillare. Todav, vou will find third overtone crvstals in the
uht exciter operating i the neighborhood of 36 me. .\ tew vears ago,
such o stal n])('l';lli()n wits considered o be iml)l'nl):lh]('. Vel these Crvs-
tals have proven themselves to be both reliable and stable in this service.

Multipliers

Fven 36 mc, however, i tar below the uhf carrier frequencies. Con-
sequentty, amamber of mualtiphier stages are required. For example,
the video carrier frequenay tor channel 83 s 88525 me: a crvstal op-
crating at 36.885417 me will requive a muhiplication tactor ot 24 10
riise it to this frequencey. "The number of multiplier stages vequired will
depend upon the ouput that can be obtained when a harmonic is se-
lected for amplification. Output usually dimminishes for the higher order
harmonies. Therefore, the second and third harmonies are selected
because of the higher output obtiined.

Spurious Emissions

When a multiplier is also developing power, all of the additional har-
monics are quite strong. Good hyvpassing, trapping, and shiclding are
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Fig. 5-3. The front view of the RCA TTU-25B, 25 kilowatt uhf trans-
milter. (RC.A)

required to keep these harmonics from radiating as spurions signals.
Even the selected harmonic can cause trouble in this regard. Let us
assume, for example, that vou are operating on channel 33 and that vour
visual crvstal is approximately 32,5 me. When this is doubled, it is 65
me (near the audio portion of channel 3). and if it is wripled. itis 97.5
me (right i the FM band).

Tubes

New power tubes had 1o bhe developed for uhf operation. Some tihes
operated in this region, but nothing would perform well in TV service
except the Klvstron wbe. A predominant tube problem at high fre-
quencies is the fransit time effect. As higher frequencies are passed
through the tabe, a point is reached where the element leads and the
space between the elements become a eritical part or more ot the wave-
length of the input signal. From an operating standpoint, the tansit
time effect will cause input civenit tosses 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 tabe
will he appreciably shortened. Changing eflects on the inpun will cause
unstible operation and the output power will drift up and down be-
cause of stage detuning. Parvasitics can develop if fead Tengths become
more resonant at some frequency that can be shocked into oscillation
or is some multiple of the operating frequency.

www americanradiohistorv. com



www.americanradiohistory.com

WDy G- 1L ¥ o aof wmd aooyf” pajsaidng sy g

W01 8

(F)H)
g By

Z 77 L0 L L L L LTI T 111777, /1747477, "ONIMY ¥ NOI LY 1TVLSNI 1S3IN03Y JSvIld “3SN
2 NOILINYLSNOD 404 Q31 41143D ION - ¢ "ON JLON
% HPIED -9 X 1.9- L X M 2118~ 2 m fone
A sunn 331000 ¥3Lv M % "INIWIONY ¥¥¥ QIINNOW Y0014
w INIHOLINOW 404 NMOHS 34V IX31duilll4 2 "ON ILON
% '$300D WOI419113 WI0T HLl
%
% B s T JONVY0DIV NI SYO0GNI 031v 201 18 AV,
% \ "NMOHS 10N S¥IWI04SNv YL 3L¥1d - T "ON JLON
% W9V X i1 8 CEIEIRE LR = T e —
2 10SNOD NI ¥ilY -
7 nEill . DIVIN 41V 6 =]
% N e
wZ-9 310SN0D % *

% HILLIWSNY L 2 NOULY ¥ AHL o z
% 108INOD | Vd 1 _ 108INOD 560 ivng E >
2 XMy [ WNSIA[ wnsIA 103INOD 2 Ny S W =1L
% \ * | { [ I B o e 1snvhx3p)
% I t:1h4
m 2%2 é«x&:« ~ VZ; -t F
% - 4 EAE «::N 2
“ ke _ I o
% g | Wl - 22 f— 1 - 2
% o 3
% . WVEE” Hy 181X 10162X %6 20,
% ¥3LYVLS NI = 0%
2 H2€1122 X 1916 LX MBSO -
2 ¥3L8V1S NN 1
2 b I
2 43X ¥ 3 2
% %2
2 2
2 %
% Z
%
“ “
“ r=Y e inimiatm B Rl 11
Ll s7177, AL Ll e 77 /72 /7. LI

“ 0 £ —]

www americanradiohistorv com

BN



www.americanradiohistory.com

94 PILANNING THE LOCAL UHF-TV STATION

UHF tubes have either been designed 1o use the transic time effect, as
1s done i the klystron, or minimize i, as is done in the ubf tetrode (Fig.
5-5). General Electric now uses a H-cavity klvstron wube (Fig. 5-6) de-
veloped by Eimac (Eitel-McCullough, Tnc.), as the power amplifier in
high power transmitters, RCA had developed air-cooled tetrodes that
operate at 1 kw, 2 kwoand H kwoand a water-cooled retrode that op-
crates at higher powers, RCA high-power ransmitters of 30 kw and
above are now using khvstron wibes made by Vartan Corp. This tube is
vapor-cooled: the Emnac tube is either water-cooled or vapor phase
cooled, depending upon ivpe.

(A)

Fig. 5-0. (A oA ceramic, air-cooled, | ki uhf tetrode tube. (B) The RCA
0448 waler-cooled tetrode tube for use at 12.5 k. (RCA)

The Klystron Tube

Kivstron tubes have been inuse for atong time in such high frequeney
applications as radar and microwave, They were fivst used for uhf TV
broadcasting in General Electrie tansimiters as power output tubes
tor high powers,

The Khvstron is not a tabe in the ordinary sense. atilizing control
gruds and other such mternal elements 1o control the electron stream
from the cathode to the plate. Basicallvic is o deviee with an eleciron
gun or cathode at one end of a long evlinder that fires an electron beam
at a target or anode on the opposite end (Figs, 5-7 and H5-8). 'The clec-
trons are collected o a beam at the cathode by focusing plates and
are then directed into the evlinder, where the beam is nivrrowed by an
external magnene fickd. Along the eviimder arve ceramice “windows™ tha
completely encirele the tabe. External resonant cavities are mounted
around these windows,
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Fig. 5-6. The Eimac 4KMI1001.A Fig. 5-7. The Varian kiystron tube,
kiystron tube uses external cavities. wsed in high power RCA uhf transmit-
(Eitel-McCullowgh, Inc.) ters, has four internal cavities. (RCA)
4 EXTERNAL
R-F INPUT CAVITIES R-F OUTPUT

FOCUS LENS COLLECTOR

VAV ANV RNV END

CERAMIC WlNDOWS
FIFCTRON FOR EACH CAVITY

BEAM
EXTERNAL COIL TO PRODUCE
MAGNETIC FIELD FOR

FOCUS OF ELECTRON BEAM
L’ -~ HIGH VOLTAGF

Fig, 5-8. o simplifed drawing of the Kixstron poweer tube wsed in uhf-T1
ransmulers.

+ HIGH VOLTAGE +—

The Fimac tabes used i the GE transmitters emplov four cavities in
sequence along the tube, The Varian Khvstron tabe uses tour internal
cavities tor the 30-kw model and stagger-tuned 1 cavities for the 30-
kw model. As the clectron beam passes through the fivst cavite, i is
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modulated by the input r-f signal, which enters an this cavitv, The posi-
tive value of this -t signal speeds the electrons up and the negative
half cvele stows down the next part of the electron siream. This speedup
and slowdown of different groups of clectrons in accordance with the
r-I input voltage increases and is intensified as they pass cach of the
cavities along the evhinder, so that the clectrons are bunched into very
dense sections when they pass the List cavitv, Henee, the heam s called
a velocity modulated beam. R-F cnergyois coupled o the output diveuit
from the Last cavity and the beam terminates on the wrget, which s
cilled the collector.

The klvstron tube is ideal for high power applications because it s
simple. Sinee there is nothing in the center of the evlinder, with only
the cathode at one end and the collector at the other end, high volage
spacing is not i problem. Water cooling is also @ simple process, as the
tube has irge openings and arcas that do not require special filtering
of the water or coolant.

This tube’s efhiciency is spectacular. For example, the GE transmitter
only uses a lide over 5 o 10 watts vt to drive the kivsiron to 12,5 kw
output power from one klvstron tube. Broadbanding is no problem and
an 8-mce bandpass is easy to obtain,

These tubes, however, are farge and quite heavy, The tubes used in
the GE ransmitters are approximately 3 feet long, depending upon the
channel, and weigh around 100 pounds. The amplifier assemblies are
also korge and heavy, weighing about 1800 pounds. The assemblies
have wheels that permit rolling the unit in and out of the transmiuer
cabinet. Tubes of such weight and size are not “changed.  thev are
“assembled™ into the stage, The klvstron tabe in the RCA tansmiter
weighs 250 pounds, and the complete amplifier assemibly weighs 250
pounds. ‘This tube is 53 inches fong. Even though it weighs fess than the
Fimac wbe. itis soll a handftul.

Tube Replacement

None of these handling problems are any veal concern when it comes
to replacing a tibe that goes badt in service, A spare amplifier assembly,
with the tube installed and pretuned,is kept nearbyand trained people
can change the whole assembly in a litde more than five minates. This
changing process imvolves the output line, input line. power connections,
and water connections, 'Fhis same procedure is used with the high-
power tetrode tabes used in RCA transimitiers, where a complete pre-
tuned cavity and tube are mounted on a carriage ready o roll into
position in the transmitter should the one in serviee fail, as shown in
Fig. 5-10.
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®

Fig. 5-9. This carriage holds a spare, pretuned kivstron tube. (R(.A)

Cavity Circuits

R-I" stages at low frequencies require koge lumped inductances and
capactties for resonance. At uhf these values are quite small, so that
the lcad, tibe, and stayv capacities of o normal cireuit are oo mach:
different cireuits are needed. Cavity circuits have been in use tor vears
i microwave and radar, but uhf is a low frequencey by their standards,
so some adaptation was necessary.,

A cavity is nothing more than a specially designed box, whose inside
dimenstons will resonate at uht frequencies when coupled with the
mnternal inductance and capacity of the wbe, The cavity is tuned by
altering its inside dimensions with sliding bavs with spring contacts,
which are adjusted by a control knob from the outside. This method
permits use of the same cavity over the entire ubt band, with only slight
moditications at cither end of the band. The r-f energy, because of skin
cffect is onlv on the nmer suwrface: the outside of the cavity s at ground
potential and is safe for the operator,
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e
Fig. 5-10.  The PA amplifier cabinet of the RCA' T T'U-258 transimuter
assembled and ready to be rolled into place. (RCA)

Coupling

Since cavities are complete in themselves and rather large. each siage
must he coupled 1o 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 chunging 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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PLATE CAVITY COUPLER GRID CAVITY
OF ONE STAGE CLAMPS OF FOLLOWING
STAGE
DISC S [ DIsC
COUPLER FLEXIBLE CABLE COUPLER

Fig. 5-11. Cavities are connected with dise couplers and flexible cable.

transter of power will occur and cable heating problems arve veduced.
High VSWR at these Irequencies can mielt regular polvethvliene cables
like tallv. Tetlon cable should be used where brequencies are multi-
pliecd 1o uht 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 vapidly ac ubf levels.

Umeanted Coupling

Because of the many frequencies (hoth the desired and unwanted
harmonics in the multiplicr stages, plus both carriers at -5 me apart),
there are many opportunities for unwanted signals 10 get into places
where they dont belong. Extensive interference mav resubt because of
poor Iy passing 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 haord o locate. The output stages can also
couple buack into the lower stages with regeneration problems.

Monitoring

Transmitter monitoring falls into four categories: visual modulation,
visual frequency, aural modulation, and aural frequency. Monitoring
the auwral modulation and aural frequeney is accomplished i the normal
FM manmner. In elevision, both the visual and aural are contained in
a single monitor with one masier oscillator serving both. The master
oscillator output i fed through muliplicr stages up 1o the two carriers
through sceparate channels. Bevond this point, the aural channel is
handled as in the regular M moniors, while the visual channel has an
additional crvstal oscillator 1o provide a beat note that mav he read ona
meter as a trequencey deviation.

The Hewleu-Packard model 335E station monitor (Figs. 5-12 and
5-13) is an ideal mstrument designed for this purpose. Separate meters
continuoushy indicate the visnal frequency deviation, the aural center
frequency deviation, and the aunral 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 335FE T1 station monitor. (Hewlett-
Packard)

adjustments and controls are under a hinged panet that drops down
from the frone This s accompact unic that tikes up only 124 inches off
rack space.

I'he visual modulaton may be monitored  with a diode detector
mounted on - the ransmission line before the sideband  suppressor
(Fig. H-14). A veceiver is not very good at the transmitter site and can-
not give reliable information, anvwav, The line should be tapped with
wdirectionad coupler (Fig. 5-15). picking up onlv the incident or trans-
mitted wave, not reflections. By coupling betore sideband suppression
vou will see both sidebands: a diode will display a very distorted picture
it it is coupled after the lower sideband suppression. This video informa-
tion should be sent back on a video cable to the control position. There,
it will be monitored with o suitable monitor that also incorporates a
CRO display tabe, with a graticute etched with percentage ot modula-
tion markings to set and read modulation levels.

A chopper is required at the monitor position, also. so that the video
may be intermittentdy reduced to zevo (equivalent 1o no carrier). This
chopper s usually o pushbutton-operated relav. When the CRO s set
o observe a horizontal syne display, a straight line will appear across
the top offits tace: thisis the reference point, (The industry has aceepted
as astandard o CRO display on which syne is negative, so that syne is at
the botom of the display. This differs from the display shown in the
FCC Rulex where the syne pulses point upwards. There is really no con-
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flict here,as polrity reversal will ke place throughout the system as
it progresses stage by stage. The FCC display s intended o show the
modulation effect of o composite wave on the ransmitter output,)

The Visual Transmitter
Oscillators

The oscitkior m the RCA TTU-1B transmitter is a0 conventional
crvstal-controtled stage, with a high frequency ervstal, This ervsal is a
third overtone type, operating at approxinutely 2618 me (o 36.88 mc,
depending upon the channel. For the sake of stability, no mualtiplication
is done, Instead, the stage is followed by a buffer amplifier on a single
frequency.

TRANSMISSION LINE

TO ANTENNA
=

DIRECTIONAL y
COUPLER

DIODE

VIDEO
=" CABLE

CHOPPER
RELAY

AAA

T0
PUSHBUTTON

CHOPPER
[ LINE

12.5%
- VIDEO

PERCENT
MODULATION

| BLANKING
PULSE

75”0
100% T~

~\\_______,?‘\\\\\‘ HOR [ZONT AL
I~ SYNC.

0SCILLOSCOPE PULSE

Fig. 5-14. ideo monitoring the visual transmitter.
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Fig. 3-15. o directional coupler mounted in a short section of 3-1 S-imneh
transmassion line. (RC.A)

Mulupliers are less etheient as the higher order harmonics are se-
lected for amplification. Generally, second or third order harmonics
are strong, so the stages are opevated as doublers or wriplers. The third
overtone (vpe enstl akes oo multiplication ol 24 times to raise it to
carrier levell By using triplers and doublers, only tour stages of muli-
plication are required o accomplish this. As Trequeney imereases with
multiplication. these stages are comentional in design and arrange-
ment undl the st two are reached: the nest o the lase multiplier stage
uses parallel lines and shordng bars and the hnal doubler is a cavin.

Tubes and Cavities

The RCATTU-IB vansmitter (Figs, 5-16. 3-17. and 5-18), vated at
I kw, uses three cavities cach on the visual and aural sides. All the stages
prior to these three cavities are considered 1o be the visual exciter, whose
power output at this point is about 50 watts. Al the prior stages are ol
conventional design with comventional coupling. except Tor the ditfer-
ences noted previously. Bevond the cavities, coupling is through co-
axial cable.

Cavities use special tiodes and a ceramic errode (6181) as the
power amplibier (P.\) output tube, All these tubes are foreed air cooled,
cach having tmned radiators on the plue. The cavities hive been so de-
signed that the tabes are inserted casily and only the finned plate pro-
trudes. A hinged. clear plastic cover, interlocked o the high volage,
with holes o allow the air 1o escape, covers the plate of the tube, This
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prevents the operator [rom touching high voltage and allows air 1o
escape into the cabinet. Contact to the tibe clements is made by cireular
spring contacts, so that no guide pins are necessary o insert a tube cor-
rectlv, The mbe cannot he put i incorrectly, because vou need only
i the cover and push the tabe into the cavity, making certain it is
scated properly.

Fig. 5-16. A view of the RCA TTU-1B ubf transmitter with its front
doois open. The auwral section is on the left: the visual section on the right.
(RC.A)

Grid and plate circuit cavities are incorporated i one box, with the
center divider being common to both. Since the r-f'is onlyv on the in-
side edge of the box, the box is grounded, which provides excellent
isokation between mput and output. Bypass capacitors are of the circular
mica dise type. coated on both sides with a silver material, They are
mserted i place, sandwich fashion, so that no connecting leads are
uscd.

thgh voltage isolation is accomplished by the use ot mica insulators,
which are plain mica dises without the sitver coating.

One cavity is used as a doubler, the second as weintermediate power
amphtier (1PA) stage. and the third as the output stage. As the 6161
tube is a triode, neutralization is necessary in the IPA stage. A small
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dise protrudes from the plate cavity into the grid cavity, The end of it
appears outside the cavity for adjustment purposes and tocking in place.
Adjustment is simple. The operator merely adjusts the depth the dise
is inserted into the opposite side of the cavity until neatralization s
accomplished. Power output from the doubler will he approximately
80 1o 120 watts: out of the IPA it will be about 140 (0 200 waus, de-
pending upon channel and plate vohage.

The Qutput Stage

The output cavity of the final stage is somewhat different in design,
having a rectangular cavity for the plue circuitand a evlindrical cavity
tor 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 o capacitor plate adjustment on the front knob. In-
ternalhy, four ganged shorting bars are moved by the one taning knob
to change the mside 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 o en-
sure proper scating of’ the tube. Forced air enters the cavity from two
points. coolting both the twbe seals and the cavity.

The output trom the fimal cavity is divecty coupled to a3 4 -inch line.
Output coupling is adjusted by rotating a smatl toop that protrudes in-
side the plate cavity.

This tramsmitter is used as o driver for all ot RCA's older model
higher power transmitters. When going o higher powers, PA amplitiers
and cavities, with their associated power supplies and control circuits,
arce added o this transmitter. Only one wbe is used for the 12.5-kw
output and a different tube tvpe is used for the 25-kw output. These
high power amplifiers have cavities designed (o accommodate both the
tube with its higher voltages and the tube water cooling svstem. Power
1> coupled from the driver o the PA amplifier through a larger diameter
Tetlon cable. The PA s operated as a inear amplifier.

The Modulator

The TTU-1B uses a special modulator of the 6181 PA cathode cireuit.
As there are no lincar stages in this transmitter, tning of all the lower
stages 15 a0 simple matter of peaking cach stage, using its individual
metering as indicators with no worry about sideband clipping, Only
the plate civcuit tuning of the PA will have any effect on the sidebands,
but this is not critical, because the bandpass is set with the output
coupling at the point where the stage is peaked.
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The 6181 tbe draws aboutr I amp average plate carrent and 1.7
amps peak. For those not familiar with high frequencey tabes, this plate
current value may seem to be especially high, since even medinm power
AM transmitters use plate currents in terims of mitliamperes. There
has been a trend, even in FM radio, in the direction of higher plate
currents and lower plate voltages. Needless 1o sayv, these higher carrents
demand achuskier power supply and rransformer. The transtormers for
the 12.5-kw and the 25-kw vansformers are very large, necessitating
a separate transformer room or vault,

Fight 6146 tubes are used in parallel as o modukator in series with
the cathode of the 6181 P.A output tube. This Eurge number of modula-
tor tubes is needed 1o pass the heavy plate carrent of the 6181 Screen
vohiage is highhy regulated on both the sereen grids of the modulator
tbes and the sereen grid of the PA tabe from dillerent power supplies
for stabitity. "The modutators get their plate vohage from the PA cath-
ode voltage developed across this cathode toad. Metering of cach modu-
Fator tube is provided, so that it is casier 1o spot a weak tube and change
it before i can upset the moduknor characteristics,

Across the modulator is a dvnamic negative capacitor. This is accireuit
made up of five 6146 whes, The civeuit is designed 1o cancel out the
cflect of shunt capacity across the modukuor toad that is caused by vary-
ing plate carrents of the output stage. With this circuit, phase changes
caused by black 10 white excursions of the video intormation are pre-
vented. Color transmission requires a constant phase throughout the
systent.

Clanping is done on the back porch of horizontal blanking av the
modulator grids. Since the modukuors are direct coupled 1o the PA
stage, this effectively clamps the ontput stage. The chinp circaits 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 chunp may be switched out of the circuit and d-c¢ bias supplied 10
the modulator tubes.

Bimking or black level is the only component of the signal that is
not adjustable, except at the vansmitter. Both video and syne can be
changed at will by the operator i the control console. There can be
compression of both video and syne, depending upon the hinearity of
the tabe. Henee, ckonping on blunking assures o constant relerence
for power output.

RCAS new 2-kw and 10-kw maodels are completely new designs, as
are the higher power unus. Besides the air-cooled tetrode output tabes,
other new features include low tevel modublaion, silicon rectifiers
throughout, the first raveling-wave wibe used in a broadeast trans-
mitter, and new cabmets that are smaller in sive and designed for re-
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mote control. One unique feature of the traveling-wave tube is a 26
db gain without tuning controls. "The TIU-30A and TTU-50B, using
kKlvstron tubes, are a complete break from RCA's tradivonal use of
tetrodes in uht vansmiuers,

General Electrie has taken some new and interesting approaches in
their newest models, The visaal oselllitor circuit in the model T7T-55A,
their TOO-watt transmitter, is a transistorized, crvstal-controlled stage.
The whole circuit, including ervstal, oven, and butfer, is a sealed, plug-
i package tor high stabilitv. The buller stage is a tube circuit, as are
all of the following stages. A multiplication factor of 96 is used o bring
the crystal frequency up o carrier frequeney. Al 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 tibe. Clamp-
g is done on the back poreh ot horizontal blanking and circuitry is
provided i the modulator to overcome any nonlinearity that mayv be
caused by the output tbe.

Mounted ina single cabinet, the "T'T-55A is a complete 100-watt trans-
mitter, containing both visual and anral transmitters and the neces-
sary power supplies. This unit may be used as a low power transmitter
i i will satisty the needs of the station. Otherwise, it s used as the
driver for the higher power 12.5-kw and 25-kw amplifiers. The high
power amplifiers use the Eimac ARM70LA and AKMTOOLA klvstron
tubes, one in the visual and one in the aural. A single, high voltage
solid-state power supply is used for hoth aural and visual ampliliers.

The Aural Transmitter

The Modulator-Ixciter

The aural exciter may use any method of modulation, as long as the
output ix FM. The serrasoid modulator is used in some transmitters.
Itis o good modulator, that offers the advantage of direet crvstal con-
trol of the center frequeney. However, it does utilize a large number
ol muliplier stages 1o bring the ervstal level up 1o carrier level, Since
the swing of the carrier is also multiplied as it passes through a muli-
plier, the inital modulation is very small. Consequenty, this modulator
ix more susceptible 1o noise problems. Some FAM radio transmitters are
now using this wvpe of modulator-exciter. A greater carrier swing is
required in M service and fewer multipliers are necessary because
the carrier irequency is lower.

The RCA T'TU-1B uses i modified version of the straight servasoid
modulator-exciter. Besides the normal low frequency ervstal oscillator,
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which operates at 130 ke, a high frequeney ervsial oscithator is used
fater to mix with the multiplied low frequeney output, which is modu-
lated. The resulting beat provides the ontput frequencey of the exeiter,
which is approxinmately 28 me or similor to the visual exciter output with
abS-me dilterence. This high frequency translation helps keep the
noise higure low without additional multiplication ot the modulation
swing. Having the output frequeney the same for both visual and aural
exciters perntits the upper stages 1o be identical on both sides. The
uppercavities are interchangeable between visual and aural transmitters,

The tirst time someone has 1o troubleshoot in the serrasoid modu-
Lator-exciter with an oscitloscope., he may be quite surprised at the wave-
forms that are discovered. Te will ind that a sine wive out ot the erys-
tal oscitlator is converted 1o pulses that trigger a clipped sawtooth from
a sawtooth generator. He may wonder how this thing could possibly
produce good andio. It does, if the sawtooth is kept lincar and the modu-
Lation audio does not drive it our of range.
Broadbanding the Exciter

Broadbanding cach stage is important in the aural exciter, since, at
these ow frequencies, ethicient transtormers are used which can casity
be wuned 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 fow enough so that it
is necessary only to peak cach stage by its meter indication, It should be
pointed out that only rarely are adjustments necessary i these stages in
the exciter. Such an occasion might be the changing of channels for the
vansmitter, when a new tunecup 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 | Rw 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-me
bandwidth, so itis doubtful that anvihing can be done o hurt the audio
bandpass of 50 ke.

The modubaor-oscillator in the GE II-53A is an interesting, new
approach. ‘The ervstal oscillator is working at the sante frequeney as the
visual oscillator, except for the separation needed for the final £.5-me
difference between carriers, This oscitlator is also a transistorized unit,
with crvstal, civcnit, butfer, and oven in o sealed plug-in unite. Audio
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modulation is accomplished with divect frequency modulation of the
crvstal oscillator by electrical vaviation of the capacitance across the
crvstal, This capacitance is a semiconductor, vaviable 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
onlv other difference occurs at the 8226 output stage, which is not modu-
Fated 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 timal
226 acts also as the final doubler. Reflectometers are used 1o monitor
power output on both the visual and aural sides for 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
White Stretehing

Most power tubes have some degree of nontinearity that will affect
the grey scate of @ monochrome picture or degrade color. When color
1 transmitted, this nontinearity must be compensated for. To do this,
the video is pre-emphasized so that white portions are stretched: e,
amplificd more than the dark or black portions. When this passes
through the output tabe, the video will return to its proper proportions.

This white stretching is usually done in a stabilizing amplifier im-
mediately before the video is fed 1o the ransmitter. Tvpical cireuits
use biased diodes across a video stage. usually with adjustable bias on
cach diode, This permits different fevels of video from black 1o white
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to be amplified nonlinearly, according to the way the biasing is adjusted.
A trimmer capacitor is mounted across cach 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 4 video bandpass of 8 me.
It the ransmitter were permitted to transmit all this information, the
sidebands would interfere with adjacent channel stations. (This is the
same as modulation of an AM transmitter with 10-ke informition —the
channel width would be doubled.) The FCC requires, theretore, that a
low pass filter be installed betore the video gets 1o the transmitter that
will limit the video bandpass to 1.5 me. Onby passive clements of coils,
capacitors, and resistors are used in this fleer,

The Noteh Filter

It vour transmitter is capable of monochrome video only and vou re-
ceive color programs [rom some source, vou will be required to stall
@ 3.58-mc notch hler in the video Line to kill the color. This prevents
transmission of degraded color. T no color programs are received, this
hlter is not necessary,

Phase Equalization

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

Vestigial Sideband Filter—Diplexer

The lower sideband of the visual signal is partially 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 svstem, and
only 3-mc sidebands on either side of carrier would fit into the channel.
Even this would have 1o be reduced further so that the aural carrvier
could be accommodated. By suppressing all but 1.25 mce of the lower
sideband, the carrier can be moved 1.25 me above the lower edge
ol the channel. Some of the lower sidebiand is retained so that receivers
may be adjusted without any complications, By moving the visual
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carvier in this fashion, 4.5 me of video information may be transmitted
with room tor the awral carvier and its sidebands at the upper edge of
the channel.

A diplexer s a device that permits two transmitters o be fed into
one transmission hne without interterence. Recent relaxation ot the FCC
rules permits low power uhf Dansmitters of 1 kw or less 1o transmit
double sidebands. H color is transnrited, however, suppression ol the
3.58-me region below carvier is required. RCA uses a single unit, called

a filierplexer (Fig. 5-20), 1o accomplish both purposes.

2k
L |

11

Fig. 5-:20. The complete flterplexer. (RCA)

The filterplexer is a positive suppression unit that permits the trans-
mitter 1o be less complicated: tuning can be done without concern tor
the sidebands, Some transmiters have tansmiter circuit wning o
suppress the lower sideband. "The problem with this method is that the
operator must e careful when operating the transmitter to ensure
the lower sideband does not reappear. Filterplexers are built for cach
channel and the line sections are designed for the correet frequencies.
Theretore, vou will not be able to purchase i used one unless vou can
find one used on vour channel.
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T'he filterplexer is made up of a number of tunced-line sectons, some
of which are used 1o suppress the fower sideband, and two spheres that
keep the aural power out of the video transmitter. The spheres and
the lower sideband nnits are tunable, while the diptexer nakes use of
fixed line sections. Coaxial Iine sections make a very high Q circuit and
do an exceltent job. The tower sideband that is suppressed is dissipated
m o load resistor. The resonant line sections allow eidher transmiter
to see only the H0-ohm transmission line, while the other transmitter
looks like infimity.

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

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

A passive clement, bandpass harmonic hileer is installed in the vrans-
mission line o the antenna. This suppresses any harmonics that may be
radiated and will suppress the harmonic components to within FCC
specilications.

Maintenance Techniques

All of the informaton in this section relates o the RCA I'I'U-1B
I kw transmitter. Fhgher power transmitters will require certain tech-
niques peculio to their power and associated power supply and control
circuits. Since all previous models of RCA's higher power transmitters
use the TTU-1R as a driver, the techniques deseribed will still be per-
tinent as far as the driver is concerned. Tt is hardly Likely that o small
market station will be using high power transmitters, untess coverage
is & problem.

Calibrating Reflectometers

A reflectometer s 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 1o intercept the reflected wave, By the use of a
switch and calibrating potentiometers, voltage standing-wave ratios
iy also be read with the reflectometer. Since the reflectometer is simply
adiode detector iemust he calibrated iF icis to have any meaning.

The Visual Reflectometer. "The transmitter must be terminated ina load
and wattmeter alter the ilterplexer and harmonie filter (Fig. 5-21). The
video detector and chopper are also necessary, Leave the aural trans-
mitter mrned off,

REGULAR COAX TRANSMISSION LINE o]
o P
DIRECT IONAL .
COUPLER CRYSTAL DUMMY LOAD

REGULAR DI10ODE
VIDEO DETECTOR

CHOPPER
— RELAY

13

— ——— CHOPPER LINE
—U— BLANKING 75%
SYNC. 100% J O
[ele] [ee] WATTMETER
WAVEFORM MONITOR

Fig. 5-21. Calibrating the visual reflectometer.

Modukue the transmitter with blanking and syne only. Observe the
demodulated blanking and syne on the CRO tube with the chopper in
operation. Increase v-f drive and syne and adjust the black level control
on the tansmitter (which adjusts PA stage bias) uantil the correet ratio
of ssnc and blanking (75% and 100% modulation) occur at the same
tme as the wattmeter reads 595 watts, The climp cirenit should be in
operation during this measurement. Obtaining all these factors at the
same time may be a hode ticky ac fiest, but ac lde practice will soon
ndicate the direction cach must go 1o bring them all wogether.

When you 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 filiment voltage is adjusted to the normal
operating voltage: otherwise, the diode detector tube will not give acco-
rate readings. After all these adjustnents have been made correctly,
the 6181 plate current will read about tampere.
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The 595 wats read on the wattmeter is the average power of the
visual. This power, when muhiplied by 1.68 will give the peak power.
This factor (1.68) is dervived from a formula relating 1o average 1o peak
power ratio and svne width. The use of this factor 1o determine peak
power is specified by the FCC,

When making these adjustments, you will note the great eflect that
changing the syne and black level has on the average power and peak
power. Therefore, while syne will be corrected throughout the day as
the need arvises. black level should notbe adjusted in normal operation.

The Aural Reflectometer. With load and watmeter connected as for
the visual measurement and the visual transmiter tmed ofl, vou are
ready 1o check the aural reflectometer. Do not use any modulation, only
the carrier.

The wattmeter will be reading the power divectly without any multi-
plving factors. Some contusion may occur because the transmiter s
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 unitc on that chan-
nel. Deduct this filterplexer loss trom the transmitter power output
indicated on the station heense o 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% 10 70% of the visual peak ERPLachiude confusion
may occur that can be casily cleared up. Whatever percentage is used.
the Heense will specity the power in watts required of the transmitter.

Installing Tubes in Cavities

6161 Tube in IPA and Doubler. Inscert the twibe with a slight clockwise
moton untilb it is seated formly in the cavity (Fig. 5-22). Continue the
clockwise motion and back the tibe out of the seat by a fraction of an
inch. The contact springs in these cavities are spiral-shaped and tend
to compress to the sides all in one direction. The tibe fies tighe 1t
is forced straight in or inanv other manner, the springs may jam up in
the grooves and it will be impossible to get the wibe into the cavity.

Small blocks covered with a thin sheet of "Fetlon are positioned on
the bottom of the TPA and doubler cavities. These blocks are placed
according 1o channel. If they are directly helow the tube on vour chan-
nel, the lip of the tbe mav cut through the Tetlon, I this happens, a
short circuit will occur, wripping the civeuit breakers. Backing the tube
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INSERT WITH
CLOCK WISE
CIRCULAR
MOTION

&

\l/
\ \\/I\s 6161 TUBE
=
& SPRING

IPACAVITY  CONTACT
Vig. 5-22. Inserting the 6161 tetrode.

out afraction of an inch will not affect its operation in any wav and it
will be held firmlv in place.

6181 P Tube. "This tube should also be inserted into the cavity with
a dockwise circular motion. Be sure that the fingered plate contact
spring has the fingers pointing toward the plate. T not, vou nuay have
difliculty making power.

Be certain the wibe s alt the way in the cavitve When locking it down
with the four clataps, do not tighten them so much that the stud breaks
off, or the cavity will have 1o be disassembled. Do not teave any of these
clomps toose or - will cause burning and arcing.

General. The spring contacts in these cavities are not a complete loop.
when vou get them, but must be attached. Lighuy solder the end spiral
of cach together. Do not get solder on too many spirals or thev will be
inflexible in the cavity and hamper tube inserton. Another satisfactory
Joining method is to overlap the two ends of a few spivals and twist them
together. This will bind them so that thev will stav together in the cavity,

When vou change a tabe ina cavity, inspect the cavinys insides with
a small mirvor and a flashlight. Check for bad spring contacts or anv
burning that may have ken phace.

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

AXT50 Stages. "The X150 stages are not cavities. However, because
of their frequencies, they have unusual sockets that require special
tube handling. When inserting or taking one of these tubes out of its socket,
never turn it i any divection. Fhese tubes have an octal base arrangement
with base pins. Twisting the tibe witl damage the socket. Ttis particu-
tarly diflicult 1o insert i wibe in the second stage. A small mirror and
flashlight will be of assistance here o align the tibe properhy (g, 5-23).
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sl | ©

1ST 4X150 TUBE
Fig. 5-23. A dental mirror simplifies socket inspection.

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

After the tube is inserted, nim on the filament voliage and check with
the mirror from underncath o be certain the filiments have lighted up.
Most socket damage seems to occur at the hliiment contacts. Intermittent
contact will cause the output power to viry or drop ofl to nothing it the
tube goes ont. Ha socket has been damaged and vou can't tike the time
o correct it immediately, insert the tbe and wwist it slightly so that a
better contact is made. The plate contact spring will usually hold the
tube in the wwisted position.

Matching Interstage Cables

Any coaxial cable should be terminated inits characteristic impedance
so that the best transter 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 detane, heating and
cooling will cause it to detune further. Output power will drop olf,
driver grid current mav go off scale negative, plate corrent will rise,
and a hole mav possibly be blown in the glass of the tabe. Unstable
operation will be the order of the day.

IPA to PA. Use the micromatch instruinent supplied with the trans-
mitter. The PA tibe should be operated as a CW signal withouot clamp,
with black level control in a-c position, and no modulation. Under these
conditions, the 6181 plate current will be about I ampere and the re-
flectometer will read 60% (600 watts). Set the micromateh 1o read back
I)()\\'Cl'.
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Keep the IPA drive low at the beginning. especially il the back power
is high because of o serious mismatch, Keep a sharp eve on this 1PA
plate current and grid current. When the 1P\ s driving hard under
this condition. vou can blow a hole in the glass with a few seconds of
overload.

The first step s adjustment of the PA cathode input coupling. Loosen
the cable clamp and adjust this by inserting or retracting the amount
necessary o show a definite mimimum in back power reading. This must
be a dip. not just i reduction, because the drive witl be changing also,
duc to the changing toad when vou 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 alt tdmes and the
PA phlue in resonance. Manipukue these adjustments undl the back
power reads zero and the reflectometer reads 60%. After a hitle prac-
tice, vou will soon learn where these controls will normally operate
on vour channel,

While the micromatch s still inserted, adjust the v-f choke on the
fiktment circuic for minimum radiation, which can be indicated by a
ncon 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 couplting adjustiments of the 1PA will not afbect the match i
any wav, so it nay be adjusted at any dme.

Make certain that all connections are cl; nnp((l tight, then take mask-
ing tape and tape the caithode timing knoly in place. This will prevent
someone from accidentally tuning this knob. The cathode tuning
should not he a daily operational wuning. 1t is quite diflicult to get this
tuned correcthy without using the micromatch.

After the nncromatch s taken out and the cables are restored 1o
normal, adjust the IPA output coupling for sero grid current and
towest plate current on the TPA stage, consistent with power output.

A word of caution about loose clamps. Since these adjusuments are
made with power on, never loosen the clamp on any coupler so much
that a firm metallic contact is hroken. 11 this happens, vou can get a
bad burn from the v-f" energy that is present. Just loosen the clamp
enough to turn the coupler with a firm grip.

Other Stages. Matching cables hetween the other stages can use the
sime techniques, except there are not as many adjustiments 1o make.
Remember o vead the back power and reduce this o zero. Actual
VSWR ratios ave not so important that one needs to know the values.
To read the actual VSWR takes too much time and more operations 1o
calibrate and switch movements constanthy on the micromateh. Work

www americanradiohistorv com



www.americanradiohistory.com

120 PILANNING THE LOCAL UHF-TV STATION

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-
cnce. The power reading on this micromatch unie will usuadly be very
close in accuracy, and. il in doubt, the reading may be checked with
a load and watimeter.,

Getting Multipliers on Correet Harmonic

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

I drive is lost tor some reason, these stages can sometimes be tuned
to a point where they will oscillate and the upper stages can wne this
oscillation up o 100% power reading. However, this will work onh
until a tube blows (usually one of the 4X 150 stages).

With the plue vohage off, check each stage so thar it is approxi-
mately on frequency. Most grid-dip meters are not oo accurate on dial
readings, because they may not have enough scale divisions, but they
will indicate when vou are close enoughe Mier plate voltage is applied,
tune cach stage carefully, using the grid current reading of the next
stage cach time for the maximum reading. It vou must tune too far to
get a reading, vou had better go back and rvecheck with the meter. The
grid current readings on these AXES0 stages harvdlv it the needle off
s resting place, so vow must wateh i closely.

it is customary 1o read the second X150 stage cathode current as a
normal daily tuning procedure for the cartier stages. However, when
vou are having trouble in these stages, this procedure can get vou into
trouble and may blow a tube.

Some checks can be made as soon as power output from the trans-
mitter starts to read enough to work the monitors. On the aural side,
listen to the sound from the monitor speaker. 1 the transmitter is oscil-
tating, there will be vaspy noises and the meter may be kicking up to
100% modukuion. The frequeney meter may be off=scale or erratic.
On the visual side, the frequencey mav be oft=scale or erratic. In either
case, as a final check, cut out the crvstal. The power should drop 1o
revo. 1 does not, the timsmitter is oscilkuing. Leave the ervstal ofl
onlv long enough to see i the power drops 1o zevo, This should be
mstantancous.

Another suggestion to assist in multiplier stage troubleshooting s
this: stick some strips of masking tape to the cabinet, divectdy 1o the
side of the grid and plate circuits of the multipliers. Write the fre-
quencies that are supposed to be vead 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 tikes to go back through the instruction
book tables and look up the information for vour channel when it is
necessiy 1o use the grid-dip meter 1o see il the stages are tuned
correctly.

Changing Filament Taps

As the 6161 tbes age, they require more filkunent voltage to get the
required output. A filknnent rheostat s provided and a meter is placed
across the IPA iliment. Both tubes have individual tanstormers, but
a single rheostat adjusts hoth at the same time.

It sometimes happens that a new tabe is placed in the 1PA when the
doubler has an old wbe still working. The new tube should have the
filament voltage at minimum, but the older mibe will need a higher
voltage. Raising the voltage 1o accommodate the old tube will also -
crease it on the vew tabe. The consequent backheating of the cathode
due 1o r-f will shorten s life. Lowering the voltage 1o accommodate
the new wibe may cut out the old tibe, orwl the other stages may have
o increase their drive. Such a difemma can be solved without throwing
out the old wibe.

Change the primary taps on cach of the IPA and doubler filament
vanstormers (Fig. 5-2-4). For the new 1PA tube, set the tap on the
highest terminad available (this will fower the secondary vohage). For
the obd wibe in the doubler, set the tap for the lowest terminal avail-
able (this will raise the secondary voltage). Now the hikunent rheostat
may be adjusted tor correct voltage on the TPA filiment meter and, at
the same time, the doubler voltage will be increased.

1 PAFIL.

DOUBLER FIL. VA

mAPPROX.
220 210 Y190 C 2207 200 190 c

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

Tube Heating and Cooling

Any hirge timsmitting tube should be started up gradually and shu
down graduallty. "The farger the tube, the more expensive it is, and the
greater the care that should be given it All tube manufacinrers recom-
mend aslow start and slow shutdown.

A suggested rule o follow is this. At sign on adjust the master hla-
ment control for halt the normal voltage and operate for five minutes,
then adjust to normal voltzge and operate for another five minutes be-
fore applving plate voltage. At sign off operate the tube with full normal
filiment voltage, but withont plate voliage for tive minutes, then
halt normal voltage toranother five mimutes, and finally for five minutes
with filament voltage oft but blowers sall running. When it is necessary
to change a tbe during the day, ryv 10 follow this procedure when
practical. There will he pressure to get back on the air, but ruining a
$1000 tibe will not make a profic for any show.

Checking New Tubes

When vou buy new wibes, check them out at the first opportunity
and be sure to keep records,

New 6181 wibes shod be checked out in the visual PA amplifier.
The tabe should not only niake power casily, but it should have good
bandpass and good syne You will have to go through the matching
process, run video sweep throngh it and check linearity and phase
it vou have equipment 1o do this, When the wibe checks ont o vour
satisfaction, use it the ransmiter for several davs or a week. It the
tube is not satisfactory for any reason, return it to the distributor and
geta new one.

Tube manufacturers do their best 1o see that only good wibes arve
shipped out, but many things can happen before vou receive it It may
hecome gassy from sitting too long in a warchouse or it may have rough
handling in shipment. Gne such case should help demonstrate some of
the things that can happen. The author veceived a brand new 6181
tube. When the shipping carton was opened and the tube taken out, the
plue fins were all flatened on one side, just as though it had been
dropped on the floor. 'The shipping carton did not have a seratch on it
and the tube was packaged perfectdy inside the carton. One can only
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come to the conclusion that a packer at the plnt had dropped the tube
and, rather than sending it back o the reject pite, he munst have pack-
aged 1t up and shipped it one Needless o sav, the tube was placed
nght back in the carton and returned o the distributor,

6161 tubes should be checked m the doublers. This avoids the neces-
sity ol rencunahizing the 1PAL Ordinarihv, it the tube will work in the
doubler e will work as an 1PA.

AX150 tabes should be tested i the first stage. Because of the dith-
culty of jnserting a tabe in the second stage, socket damage occurs
more often there, I the wbe works inthe firse stage, i will usually
work i the second stage,

Al of the preceding techniques are but a few of the many that will
be developed by the station engineer as he becomes accustomed 1o work-
g with a pinticalar make and model of uhf transmitter and can only
be learned by working with one.

- . B o 1
I'ransmitter Modifications

Changing Multipliers

There mav be an occasion when a harmonic trom one of the mulu-
pliers is radiating and giving trouble. These radiations may not be severe
cnougl to give any problems in the neighborhood, but they may iner-
fere with a vhi station that vou want to use as an off=air pickup rebroad-
Ccast souree.

Frapping 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 ripler fol-
lowed by o doubler, vou can reverse this process so that the first stage
is a doubler followed by a tapler. If the exciter output frequency i
the first arrangement is 28 me. the output of the wripler will be 84 me,
which is right m the middle of channel 6 video, and the output of the
doubler will be 168 me. 11 vou wish 10 use a channel 6 as an ofl=air
pickup, this harmonic will cause all sorts of beat patterns that will make
it impossible 1o use a suitable on-the=air picture. By changing the mode
of the multpliers, the output of the first stage, which is doubling, will
be 56 me, and the output of the following stage. which is tripling, will
be 168 me. The output frequency of the multiphier chain is the same
as before, so the upper stages will work properly, but the beat pattern
from channel 6 video will be ehminated.

"These modihcations apply to the RCA TTU-18 transiminer.
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Doubling the Micas

Mica capacitors are expensive: continual puncturing with high voltage
can be a costly aflair. If vou are having vouble with blowing mica
capacitors because of high line voltage fluctuations, try doubling those
arcas that scem to be the sorve spots. "This will not work on all channels
because the capacity will be too much, but try i first. 'Fhe same is true
of the mica msulators.

Moving the X150 Sereen Control

‘The scveen grid voltage of the fivst AX 150 stage is adjustabte by a rheo-
stat mounted on the shel imside the transmitter. This control is ordinar-
ilv a set-up control, rather than an operational control. To adjust it,
the rear doors must be opened, which shuts oft the high voltage because
of 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 sereen vohage
on this stage should not be allowed to go over 240 volts. Adjust the volt-
age untibitis 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
ringe to prevent tube damage. A linke experimentation will show that
there is more power output per millinpere 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 o noise
pickup. The high voltage rectifiers are mounted on the shelf directly
behind the modukator. Should they be giving vou noise problems, the
rectifiers may be moved to the ransformer comparunent divectly below,
This will also make it more convenient o work on the exciter. Add a
small shelt” oft the right-hand wall, directdy below the tbe positions,
and remount the tube sockets there. Make sure that all wiring is clear
and that exposed high voltage points on the npper 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 mcereased 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
vou would wish. 'The PA, especially, should be run low.
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H all the primary aps are set for 190 volis, then the master filament
control will have more room for adjusunent.

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

Holes in the R-F Box

The first time vou have to dissassemble the second AX1T50 socket
drill four holes, one above cach of the assembly mounting screws, so
that a screwholding serewdriver may be inserted directly to the serews
(Fig. 5-25). "This will speed up the assembly and disassembly consider-
ably and improve vour disposition.

SCREW-HOLD ING TOP OF BOX

SCREWDRIVER
1ST 4X150 STAGE o o}

=)

| . © o
|
[
[

bl ] ——
T 4 HOLES IN BOX
COL[#;J (I)T(SE \\ ABOVE SOCKET
2ND 4X150 SCREWS

STAGE SOCKET

G Q &

| 1 n

I‘i:.{. 3-20.0 Cut holes i the top n[ the 1~/ box to case socket l/l\ll\\t'm/)/_\
and axsembly.

Transmitter Costs

For a 2-kw Transmitter Installation
I RCATTTU-2A, 2-kw ubt nansmitter,complete ..o S59.500
(includes tubes, ervstals, video low-pass filter, lilterplexer,
harmonic filter monitoring diode, ete)
I Hewlet-Packard model 335K, IV monitor ... ..o S 2,700
11200 watt load and watimeter. .o oo oo S 1L2lo
Total  S63.410

For a 10-kw Transmitter Installation

I RCATTTU-TOA, 10-kw ubif transmitter . oo oL $1-49.500
(includes all cavities, tubes, crvstals, filterplexer, harmonic
lilter, video low-pass lilter, et
I Hewlet-Packard moael 335E, TV monitor ... oo $ 2700
I I5-kwload and watimeter .o S 1890

Total  $15-1,090

www americanradiohistorv. com


www.americanradiohistory.com

126 PILANNING THE LOCAL UHF-T1" STATION
For a 30-kiw Transmitter Installation
I RCATTU-30A. 30-kw uhf trransmitter, complete ..o $199.000
(includes wibes, filterplexer, harmonic Hler, spare klyv-
stron tube, etel)
I Hewleu-Packard model 335F. TV monitor .. ..o ... S 2,700
1 30-kw load and wattmeter ..o S 2,000
Towl 8203700
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Chapter 6

Transmission Lines

Basic Problems

Losses and Heating Effect

Losses and heating effects i uhf require that a better transmission ine
be used than that in use for vhf. Most of the uhf losses are caused by
leakage at the steatite insnkators, by voltage standing wave ratios set up
between insulators, and by impedance discontinuity at elbows and
Jomts, (High VSWR with its high voltage points, has been known o
burn steatite insubitors 10 a charred cinder and melt ceramic insulators
as though they were wax candles.)

Teflon. Line referred o as teflon line in this chapter indicates that the
msulators between the mner and outer conductors are made ol teflon,
as shown in Fig. 6-1. The rest of the line, although slightly different in
construction from standard vht line, is stll copper pipe. Teflon s
basically an inert gas in solid form. Tt has a very low loss tactor at uhf
frequencies, as it is almost electrically “transparent”™ o the v-f energy.

The Mitered Llbow. New clbows have been developed for uhf: the
90-degree and 45-degree mitered elbows, which are not at alt like the
standard, curved vhi etbows, The differences hetween vhif and uht
clbows are iltustrated in Fig. 6-2. These units ensure very good im-
pedance continuity and may be joined in different combmations, some
of which are shown in Fig. 6-3.

The Bullet. "The need for improved impedance continuity at the
Hanges and joints of the center conductors has resulted in a tetlon-
msulated center commector, usually referred 1o as a bullet (Fig. 6-4). The

125
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- ’

D 55 A :

Fig. 6-1. The cut-away view of a teflon insulator in a coaxial trans-
mission line. (RCA)

VHF CURVE UHF MITER
900 ELBOW 900 ELBOW

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

msulbiator maintains the correct distance between inner and outer con-
ductors where they cross the flanges. Any sagging that might oceur,
especialty when a section of line is shortened, is prevented.

Teflon Line

The teflon fine is a very good uhf coaxial transmission tine. Although
it can be used for vhf, it was designed primarity to meet the more strin-
gent demands of ubf. RCA manutactures an additional tvpe of tine,
Universal teflon tine, which is designed for use on both vhtand uhf, Tts
cost is about $42 more than standard vht tine for cach twenty-foot
section. Connections between sections of this Hine are secured with
clamps rather than bolts, as shown in Fig. 6-5. The wetton fine is a stble,
low loss, highly ethcient line that will give many vears of reliable service.
While the cost is more than vhit regular tine, it is fess than waveguide.

Flexible Line

IHehax, a product of Andrew Corporation, is another rveliable fow-
foss uht coaxiat line. Teis a flexible line of one continuous fength that is
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Fig. 6-3. The various mitered elbows and other fittings of standard

3-1/8-inch teflon lme. (RCA)

TEFLON
INSULATOR

COPPER INNER
CONDUCTOR

Fig. 64, The center conductor anchor insulator for coaxial transmission
lines. This “bullet” interconnects two sections of rigid teflon line. The holes
in the insulator permit the circulation of gas.

made 1o cach customer’s requirements. Several outstanding features
make this line worth serious consideration iff it will meet vour require-
ments. Sizes are available up to 5 mches in diameter.
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Fig. 6-5. Fittings and elhows of the Universal teflon transmission line.
The flanges do not holt together, but use a clamp arrangement. (RCA)

Fig. 6-6. Heliax cable: (A) 3-inch —notice the continuous insulator: (B)
5-inch, fitted with « standard 6-1/8-inch diameter I'1A flunge. (Andrew
Corp.
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Although cach size line is made somewhat difterently, the 3% -inch
diameter heliax is representative of how this line is manufactured. Tt
has an outer conductor made of copper-clad steel and an inner con-
ductor made of high conductivity copper (Fig. 6-6). The insalating
material between the inner and outer conductors is a continuous heliax
made from low-loss polvethvlene, A jacket of black polvethyvlene s
used on the outside of the cable to prevent corrosion and add abrasion
resistance,

When the customer orders the length of Hine required, the factory
makes up the complete line o suit his order. Te will be sent a hine of
one continuous length, without splices, that has an ELA fkinge on both
ends and is gassed before shipment, Ovdinarity the gas used is dry air,
Should the customer desire other gassing, such as nitrogen, this may be
changed after installation,

The main advantages of a continuous length of tine are that thereare
no ftanges that can loosen and lose gas or devetop impedance  discon-
tinuity and there are no inner connectors that will burn or corrode and
cause high VSWR. Since the tine does not have 1o be assembled section
by section at the tower site, as is standard rigid line, greater control of
impedance can be obtained resulting in very fow VSWR,

The flexibitity of heliax permits making any bends desived without
ctbows. For the 3% -inch diameter bne, the minimum bend should not
be more than 36 inches. Such flexibiliy witl also make it casier to meet
the antenna feedpoint on any stvle tower. Expansion and contraction
are distributed along the whole Tine without any effect on VSWR. No
special hangers are required 1o mount the line, but speciat techniques
are used o stall

Shipping continuous lengths of heliax, up to 500 feet, is standard.
For lengths over 500 feet, special arrangements are made between the
factory and customer. A 500-foot length of 34 -inch line will come on a
reel 96 in. X 42 in.and will weigh 800 pounds. Tomakes quite a package.

Line Selection

The tvpe and size of line used will depend upon a number off lactors
peculiar to vour planned installation. Each instatlation must be planned
individuadiv.!

Losses

Figures for losses are usually given in db, atthough some manufac-
turers also supply charts in their catalogs that give total loss figures in
Ve Flecuonics Indisiies Association (LX) has set up stndard specilications so that

transmission lines and components of one manacturer will fit together with the line
ot components ol another manudactarer both electricallv and phsicalls.
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pereent of power transmitted through the line for the total length of
line on vour 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 beavailable at the antenna mput termninals.

For example, assume that a 34 -inch, rigid teflon line is 1o be used.
For cach 100 feet of line, the loss at channel 18 will be 0.24 db, or an
cthicieney of 94.5%. The loss for this same line on channel 69 will be
0.31 db, or an efliciencey of 93%.

The diameter of the tne wilt have a divect bearing on the toss 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 Iine will also be higher.

For example, using 13 -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 4%-inch, the loss will be 0.27 db
per 100 feet, or an efhicieney of 93.9%.

The lIength 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 efhciency figures given carlier 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 eflicieney. The term efficiency, when used with a transmission
line, has the same meaning as when used with other devices: the ratio
of power output o power input given in percent. If vou feed a given
power into a line that has no loss, vou will obtain the same amount of
power at the output end of the Iine. Such lines don’t exist, because there
is always some loss.

As previously indicated, a 34 -inch line has a loss figure of 0.27 db
per 100 feet on channel 35, 1t 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 efhicieney of 70%; i.c.. vou will lose 30% of vour 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% eflicient, per-
mitting only 700 watts to reach the antenna. ‘The ERP, power input
Xantenna gain, will be only 17 500 waus.

The transmitter power will determine to a large degree what diam-
eter size o use. Should a line of oo 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 i vou start out with a low power transmitter but
later decide 1o operate on higher power. Tt is best o oy 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 |3 -inch, rigid teflon line can safely
carry transmitter powers of I kw or less. However, the next step for
power increase in transmitters is o 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 vated line than the bare
minimum. A farger line will offer Jess transmission foss. Also, line re-
pairs on the tower can be costly, both in men and materials, phas oft-the-
air time. Most stations prefer o invest in a more reliable line so that
essentiadlv: they can install it and forget it or at least not constantly
worry about burning it up.

FSWR

Another factor to consider is VSWR. When an inpedance mismatch
has occurred for any reason, VSWR will appear on the line and high
voltage poimts 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 aftect cotor subcarriers.

Although most antennas and transmission lines can be intalled with
a very low VSWRL many factors may later increase VSWR. Iee forming
on the antenna will canse detining and, consequenty, a mismatch and
improperiv terminated hine. This can happen if the de-icers have failed
to operate. Line pressure may fall off, permiting moisture and water o
enter the line. lee falling off the tower may cause large dents in the line,
especially on the horizontal run. Flange bolts may loosen or solder
joints mav break at the langes because of expansion and contraction.
These are just a few examples of wavs 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 manutacturer’s catalog,
are shown in Figs. 6-7 and 6-8.
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Rigid. Teflon Line — Channel 35
I 3% inch. h0 ohms impedance, .51 db/100 [eet, average power — 5.8 kw
34 inch. 50 ohims impedance, 0.27 db/ 100 feet average power — 19 kw
6% inch. 50 ohms impedance, 0,14 db/100 feet average power —66 kw

Flexible. Heliax — Channel 35

1'% inch. 50 ohms impedance 058 db/100 feet average power —-1.2 kw
3 3 inch, 50 ohms impedance, 042 db/100 Teet average power— 11 kw
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Fig. 6-7. Average power vatings for standarvd vigid Lines. (Andvew Corpy

Power ratings are based on oy voltage stmding wave ratios: Le.,
a perfect termination on the end of the lines Any VSWR will lower this
higure somewhat. Loss figures are for cach 100 feet of line. For cach
100 feer and fractions, add the db loss higures 1o ger the wtad loss for
the length of line used.
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Fig. 6-8. leerage power ratings for 50 ohm heliax. (Andrew Corp.y

Line Handling

Coaxial ine used on uhf requires special handling so that the finished
mstalation will have averylow VSWRL Here are some things to consider.

Carctully supervise the mstallation of the line on the wwer. Un-
fortunately . many average steeplejiacks cannot anderstand that coaxial
trannsmission line must be handled with atmost care. To some of them,
it is merely copper pipe. Often. when individual sections are being
hauled up the tower, they will hegin to swing. due to wind or improper
handling of the “donkey engine.” and the line section mav swing into
the tower. I this happens, that section of line should be lowered 1o the
ground and carefully inspected for dents and damage at the Hanges,
Small dents will increase the VSWRand Luge dents will not ondy change
the characteristic impedance, but will decrease the distance between
nmer and outer conductors with possible voltage flashovers resulting.
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The steeplejack should also be impressed with the importance of
carcful handling of the inner connector, or bullet, the O™ rings, and
the bolis at the flanges. A sphit bullet (Fig. 6-9) will cause serious un-
pedance discontinuity, resulting in high VSWR. Some types of line have
a small fiber picce in the end of the bullet. Its purpose is to prevent the
imner conductor from splitting the bullet. Don't take this fiber picce out;
imstall it with the bullet.

TEFLON CENTER
INSULATOR CONNECTOR
\— SPLIT
COAX LINE COAX LINE
INNER CONDUCTOR INNER CONDUCTOR

Fig. 6-9. If the inner conductor splits the center connector, a serious
impedance discontinuity will deu relop.

The 07 ring is a gasket and must be scated properly o give a good,
airtight seal. A pinched O ring will not seat properly and will cause
aleak that will incur loss of pressure in the lines. With such a leak, it a
dry air pump is used, the pump will run continuously trving to maintain
pressure and will burn itselt out. A good way to insure proper seating
of the gasketis to dab some silicone grease on the gasket. This will make
it adhere to the flange until both flanges are pressed ogether. The sili-
cone grease will notaffect the rubber O ring.

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

Cutting Line

Itis often necessary o cut a section of line to make it fit some special
application. This should be done caretully. Mark off the line where the
cut is to be made, taking into consideration the space taken up by the
tlange. Whenever possible, try to arrange the run so that the cut will fall
between insulators. A litde careful planning will often make this possible.
To make a perfect circular cut, take a small picce 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 \

r\"“ COAX LINE
T0 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
in ensure a perfect circular cut.

Wrap it tar enough so that the edges overlap. Line these overlapped
cdges with themselves, then daw o 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 ata time. Do not oy to cut straight across
andh all the way through, Keep the end to be cut slanted atan angle, so
that filings will not fall inside the line.

FLANGE FLANGE

Fig. 6-11. A erescent wrench will dent the live (4): a box wrench will
not (B).

When usingawrench on the bolts at the flanges, use a thin box wrench.
Crescent and simiku type wrenches are oo large and will put dents in
the line (Fig. 6-11). Be careful not to move the wrench oo 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 tloor or on the ground, especially when they are to be cut or hauled
up the ower. Take extra precautions at these times so that no damage
occurs to the line trom something falling on it or someone walking on it
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Planming the Installation

Caretul planning of the line mstallation can save monev, make re-
pairs caster. and ensure low VSWR,

Antenna Connection

Depending upon the diameter of me vou have selected, it may be

the antenna, The antenna nmutactarer supplies these connections but
vou must specity what size vou need.

Tower Design

The feed Tine drops suaight down from the hottom ot the antemu.
Much will depend upon the sivle of tower at this poine If the tower is
short and narrow, it will be necessary o bring the transmission line
ontside and then down the tower. Set-supporting and tatl towers are
usually wider ac this point, so the line will run down the inside of the
tower. In both cases, vou can’t drop straight down from the antenna,
because mounting would be oo much of a problem. Theretore, 1wo
Y0-degree elbows will be necessary to divect the line o the side ot the
tower as in Fig, 6-12.\ 1 the tower has a wide taper coming down, as

] ANTENNA "

ANTENNA
FEED POINT

TWO 459 £t BOWS
OR COMBINATION

LTWO 900 ELBOWS

TRANSMISSION
LINE

(A) (B}

Fig, 6-12. 1) On « linear tower conunect the transmission line to the
antenna with two 90-degree elbows. (B) On « tapered tower connect the
traonsmission line to the antenna with a combination of 45-degvee or 90- and
45-degree elhows.
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i Fig, 6-12Ban angle other than 90 degrees will probably be necessinry
to direet the ine 1o the corvect taper. This will usually necessitate a
combination o 90- and 3-degree elbows,

Contraction and Expansion

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

Hangers and Clamps

Spring hangers have been designed that support the line and allow
longitudinal movement. They will vestrain the line 1o hold it in place
alter a definite amount of displacement has occurred. The hangers are

(A) ' (C)

Fig. 6-15. Ay A spring hanger: (By A ngid clamp to anchor the line at
the top of the tower: (Cy A grounding clamp. wsed whew the line s insulated
and some sections are to be grounded. (Andrew Corpr)
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circular clamps that attach 1o the hne 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 tvpe is shown in Fig. 6-13A.

A rigid clamp s also available (Fig. 6-138). One or two of these are
mstalled at the op of the line next o the antena connection. The
antenna makes its own provision for contraction and expansion, so the
transmission hue is anchored at the antenna feed point.

Use spring hangers every 10 feet down the length of the tower, at
least on the 334 -inch line. The springs are designed 1o carry 10 feet of
line. 1 the tower is also a broadeast antenna, insulated hangers mayv be
obtined 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 elbow, or imother angle
it the wower slopes, so the vertical run will match up with the horizontal
run. Do not rigidly mount the line at the bottom of the tower. Dilleremt
tvpes of braces are used there and on the horizontal run (Fig, 6-14). The
horvizontal i must be permitted 1o expand and contract. For this
purpose, use either a roller or slide-through type supporter. The move-
ment of the Tine can damage equipment inside the building unless it
is securely anchored at the building entrance. Use a special, rigid build-
ing clamp and entrance at this point, as shown in Fig. 6-15.

. 4 i
I*j"_‘fﬂ“ : * T

(A) % : (B)

Fig. 6-1-1. (A4) A lateral brace, used at the bottom of the tower to allow
movement of the line with temperatire changes: (B) A horizontal brace, used
{0 .\u.\prml the horizontal run. (Andrew Corp.)

T'he ine s anchored at both ends of the run. Movement of the hori-
rontal vun will cause the vertical vun 1o give and movement of the
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Fig. 6-15. The horizontal anchor and building entvance. This rigidly
anchors the horizontal rn at the building. (Andrew Corp)

vertical run will cause the horizontal ran to give. Thus, most of the
movement ends up at the tower base, which is why the line should not be
anchoved rigidly there.

Gassing

Either dryv air ornivrogen should be used to gas the lime, High pressure
is 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 sulturhexatlouride, which has w high dielectric
strength) will increase the peak power rating of the line. Voluage 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-tenergy before break-
mg down. As long as there is higher pressure mside the line, any feak
that develops will cause the inside an to flow outwards. When the line s
ungassed or all the pressure is gone because of a leak, changes ol out-
side temperature and heating of the copper by the sun will cause the
line 1o “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 wouble) with it
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Gas Blocks

Gas blocks are devices placed in the tine that will permic line con-
tnuity but will not altow the gas to pass within the hine (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 fine so that it will not be necessary to empty the entire ine ifa section
of it has 1o be opened.

Use a gas block at the beginning of the horizontal run, at both ends
at the tower base, and ar the top of the vertical run, at feast. At the
bottom ol the tower, use a snalt copper tube to bypass the gas block so
that the dry air pump or nitrogen tank may gas the entive line from in-
side the building and thus keep the whole Tine pressurized. Insert a
stall shut-off valve in this copper bypass tube, so that either section ol
the tine nmuay be shut-off, Teis casier 1o detect which line sectionis leaking
il sections can be shut off,

The Dry Air Pump
Drv air pumps are available that use a small compressor to pump the
Iine 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 3-118-inch coaxial line.
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reason, the pump will start up and run untilb pressuve s back to noral
and then will shut off. The air s filteved through a sihica-gel material
that absorbs the moisture m the air. When this material reaches a satara-
ton point, the pump will automatically switch into a drving mode and
will heat and dry the moisture from the silica-gel. T will not pump into
the line during this operation. A dain pipe must be provided o 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 commonlty used as a gas supply, Cylinders of
nitrogen are compressed at very high pressures and cannot be fed di-
recthy into the transmission line. A regulator is needed o control the
flow into the line, Once the regulator is set to desived Hne 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 oft unless pressure
drops in the line, In which case, the regulator will allow ¢nough gas 1o
How until the pressure is back 1o the presetlfevel

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

There have been a few cases, either because of fauliv valves or some-
one timpering with the valves, where a new tank of nitrogen has been
delivered that is only partially full, You can casily check on this by
mounting the regublators, which also show how much pressure is in the
tank.

Fach 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 tink. One unfortunate station operator did not
observe that the wrong gas had been delivered to him, and pumped
neon gas into the transmission tine. You can imagine the mess this made
and how the transmiter behaved.

After the installation is completed. pressurize ic and then bleed i
from the top at the antenna point. "This will exhaust all the old moist
air. Refilb v with dry air or gas.

Protecting the Line

In sections of the country where icing is experienced. damage 1o the
horvizontal run trom falling ice is an ever-present hazard. When ice
starts to meht ofl the antenna and wwer, it will come ol in sheets, some-
times in heavy picces that are two or three feet fong. Picces of this size
can doalotot'damage, especially because ot the heights trom which they
fall. I such circomstnces, it is important that the line 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). Tt 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 plaiin vandalism. Fencing 1o keep unwanted
personnel away from the line and tower, plus crushed rock o keep
down grass and weeds, will be well worth the additional expense.

_f

L ]

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

The polvethylene coated heliax line may be buried in the ground sately,
This will eliminate most ot 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, shere
it 1s 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
wsomewhat different installation technique and different hanging, it is
not a very difficult procedure.
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Waveguide

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

(B)

Fig. 6-18. (A4) WR-1500 waveguide section. (B) 90-degree bend of wave-
guude. (Andrew Corp.)
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Most waveguide systems must be tailor made for cach installation.
The manufacturer will assist in designing the svstem and working up a
cost higure for the package. Small uhf stations will seldom use a wave-
guide system. Coaxial lines will be completely satisfactory in these
mstallations.

Fig. 6-19. 4 bansition from waveguide (o rigid transmission line.
tAndrew Corp.)

Cost Estimaies and Examples

Individual station requirements will vary. However, an example of a
hypothetical installagon will illustrate several points discussed i this
chapter and help vouarrive ata cost estimate for VOUT OWH SVSEen.

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

1. Using Andrew 13-inch Heliax

Loss on 410 feet of ine will be 0,38 db X 4.4, or 2.55 db, tor a line
efhicieney ot 37%. Only 570 waus will be available to the antenna: almost
halt ot the transmitter power is lost. Average power rating for this line
s 4.2 kw.
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Materials needed:

440 feet, 1% -inch heliax, 117-50 (@ S3.00 {1,
plus $16.00 for flange mounting ..o oo

I #24312 hoisting kit and wop hanger o000 000000
8 #2811 ground clamp .. .@S300 . oo oo o
4 #12395-1 stainless steel Whap-Lock o000 @ S1250 000000
1 #3901 horicontal anchor, building enttance .o ooo 000000
D HTTR EIAflanges oo

Total

2. Using Andrew =561, 1%-inch Rigid. Teflon Line

147
S1.336
S 1R
S 24
$ 50
S 25
S 8o
$1.527

Loss on 440 feet of line on channel 33 will be 0.51 db X 414, or 2.24
db, for a line eiliciency of 60%. This would permit 600 watts to reach

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

440 feet, (22 sections, cach 207 [ong. with Hanges and

Hmner connectors) ... .. (@ SK000 section ...
3 K1061 90-degree elbows o000 (@ S36.00 00000
8 #1379 spring hangers ... (@ N12.00 . 0000
55 HI3550 clamps ool @ S400 oo
2 #3924 vigid hangers ..o oL (@ S8.00 oL
40 #14378 Niding hangers ..o (@ S6.000 oL
I #3921 Laterabbrace oo oo oo
4 #3911 horizonal hangers ... L. @ 31200, ... . ... .
I #3901 horizontal brace, butding entvance ...
4 F12600h gas binviers oL (@ S10.00 . oL,

Total

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

Loss on 440 feet of Tine on chamel 35 will be 0015 X 44, «

S1.760

S 108
S 96
$ 2920
S 16
S 240
S IR
$ a8
S 160

32,691

w 1.8 db,

for a line cilicieney of 63%. This will permit 630 watts 1o reach the

antenna, Average power rating is 1 kw.
Material needed:
110 teet, H2-50, 3 M -inch heliax
(¢ 89.00 loot, plus $20.00 for (linge mounting .. ...
I #23146 hoisting Kitand top hanger ..o 0 0oL
I #3902 horizontal hanger and building entranee - 0000 L

88 #2207 hangers ool @ SI600. 0oL
3 H23145 gronndimg kins ..o (@ S95.00 . 0000,
9 FQOR EINMhanges o

4. Using Andrew =5624. 3 -inch Rigid, Teflon Line

S3.080

S 95
S 30
$1108
S 75
S 200

Loss of - +40 feetof line on channel 35 will be 042 db X 4.4, or 1.8 db,
db, for a Ime efficiency of 76%. T'his will permit 760 watts to reach the

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

440 feet, Andrew #5627 (22 sections, cach 20 feet long, with

flange connector) ©oLooL oL @ Si30/section . . . . $2.860
3 #1602 90-degree elhows ..o @ S60.00., .. ... S 180
4 #1262 gas barriers . ... L. @ S70.00 .. ... ... .. $ 280
2 H13927 rigid hangers .. ... .. @S1250 .. ... ..... $ 925
40 #13925 spring hangers .. ..., ... (@ S1500 . ... .. .. $ 600
1 #3922 lateralbrace ..o s 12
4 #3912 horizontal hanger .. ... @@ S12.00 ... .. .. $ 48
A7 #1350 clamps ..o @8 400, ..., S 188
I #3902 horizontal anchor and building envance . 0000 L. $ 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 dehvdrator ..o . . T 511
Andrew #8538 nitrogen tank fittings and gauges ... S 18

If vou wish 1o 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.
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Chapter 7
The UHF Antenna

General Characteristies

The fength of a dipole antenna at ubf frequencies will be quite small
m comparison to lower frequency antennas, such as those used in
AM radio. FM vadio, and high-band vhi ielevision. For example, a halt
wave dipole in cach 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 fength in feet equals 468 divided
by frequency in megacveles.)

AM, 1000 ke —468 feet long

FM. 100 mc—-1.68 feet tong
vhi channel 100 192 me—2.43 feet long
ubf channel 35, 600 me—9.3 inches long

This small physical size of ubt antennas presents some disadvantages
in power handling capability. In a receiving antenna, the small size does
not provide an arca kuge enough to intercept or collect much of the
sighal. There are, however, advantages which lend themselves well 1o
technigues and methods that are not possible on lower frequency
antennas.

The first advantages are weight and compactmess. The large vedue-
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 thit can be fed to single dipoles
is limited, high power can be distributed to many dipoles in the arrav.,

149
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With the increased gain available from sacking, more power is radiated
from the arrav than from a single dipole on a lower channel with the
SNe power input.

Antenna Types

There ave at teast five ditferene tvpes of uhf transmiting antennas
on the market: slotted, helical, zig-zag. and two imported models, one
a vaniation of the slotted and the other o stacked, physical dipole.

The Slotted Antenna

The stotted antenma (Fig. 7-1) s a farge diameter eviinder with a
single feedline running up the inside center, so that the assembly s
a very large coaxtal transmission line. Slots of the correct dimension
are cut in the outside evhinder, much as & window is cut in the side of a
building. Proper dimensioning permits these slots 1o radiate as an
antenni. Coupling r-tf energy from the center feedline to the antenna
stot is accomphished by erther a toop or a bar.

The Helical Antenna

The helical antenna (Fig. 7-2) is a wire spiraded about a mounting
pole. from which itis insulated. The wire is the radiating element, and,
since anv supporting structure witl afl'eet 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 7ig-zag shape,
mounted ona panel and insulated from it Again, the wire is the radiat-
ing clementand the panel is tor supportand is considered in the design.
The antenna works on the raveling-wave principle.

Albol 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, vou may desire to sidemount a zig-zag. The pylon mav be
oo heavy for the tower o support. Thus, selection of an antenna will
usually be based on cost, what is on hand, and what is needed. Fach
choice will be a custom installation,

Antenna Terminology

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

Aperture. This refers 1o the overall length of the radiating surface of
the dipole or 1he entire lengih of a stacked array, which is the more
usual case. This does not include the part of the antenna array that is
used for mounting beacons or bouom mounting plates. If vou picture
the antenna as a window in a building and the r-I energy as sunlighi,
vou can see that a short window (antenna) will have a smaller aperiure
and will let in less light or energy. while a longer window will permit
the entrance of more light or energyv.
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Fig. 7-2. The General Electric uhf helical antenna. (GE)
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Fig. 7-3. 1 close-upy view of the zig-zag antenna. (GE)

Power Gain. Farlicv in this chaprer it was indicated that stacking
dipoles permits cach to contribute 1o the vadiated energy. Inosuch an
arvav, cach radiating clement, while contvibuting to the overall energy,
will add or subiract from its neighbors, depending npon phasing. Also,
the energy normally vadiated towards the ends ol asingle dipole is now
compressed more and more into a marrow lobe radiating oft the side of
the array. However, energy radied from the dipole ends s of liale
use in ubt ansmission becanse these waves hit the ionosphere and are
lost. They are not bent back or veflected, as ave lower frequency waves.
Those waves that would shoot ofl the antenna towards the ground are
not too uscetul cither, becanse no receiving set needs such high power
divected at 1t from a nearby antenna. Fhercefore, the compression ol
these ordinarih wasted energies into the main lobe adds 1o the radia-
tion strength of the stack. This inercase in strength is power gain. "T'he
power gain hgure i used as a muliiphving factor. Specitication sheets
will show the nominal power gain figure foran antenna which represents
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power gain before the beam s altered (e, by directionatizing or beam
tilo).

Bay. A bay is a single radiating clement or laver of a stacked antenna
array. .\ single dipole is a single bav, since it can be operated by itsett
as a complete antenna when used separvatelv. I more than one dipole is
aronnd a pole on the same fevel as this dipole and property phased o,
all the clements would be a faver and would function as a single bav.

Side-frre. Side-five radiation indicates that the radiated energy leaves
anantennaarray at rightangles to the physical placement of the antenna.
Because TV antennas are mounted vertically on a tower, the r-f energy
radhates m the maximum divection toward the horvizon, rather than to
the sky. The helical and the zig-zag antennas make use ol the long wire
principle in then individual elements of the antenna: normal radiation
from a wire that is several wavelengths longer than the v-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
opposites it shoots off” the side of the arrayv, which is what is desived for
television use.

Effective Radiated Power. "The product of the antenna power gain
figure tmes the power input o the antenna gives the effective radiated
power (ERP). A single dipole will have a gain of one—power ted o n
will also be the effective radiated powers e.g.. o single dipole fed with
I kw ot r-f power will have an ERP of 1 kw. I several dipoles e stacked
so that the wrray has a power gain of 25 and | kw -t poweris fed to
the ERP will be 25 kw. Power gain'is also given in decibels and may be
determined by the use of decibels vather than by straight multiplication,
You will also find ficld strength measurements given in both microvolts
and dbu.

Electrical Beam Tilt. "Uhe major lobe of radiated energy from a non-
directional antenna will be distributed cqually wround  the antenna,
much like a flatened donghnut or tive on a wheel. By proper phasing
of the energy o individual radiators, the energy can be raised or lowered
a few degrees from its normal path, much as an umbrella s raised or
lowered. "This will tilt the fobe equally on all sides of the antenna (Fig.
7-4).

Mechanical Beam Tit 'Fhe beam s altered by dlting the antenna. "This
tvpe of beam tilting will lower the major lobe on one side and raise it
an cqual amount on the opposite side (Fig. 7-5). (Both types of beam
tlting, mechanical and clectrical, ave used for null fill-in, pattern shap-
mg. and directionalizing.)

Directionalizing. "U'he vadiating clements of an array e so stacked,
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ELECTRICAL CENTER
OF ANTENNA DASHED LINE WOULD BE

NORMAL MAXIMUM

LOBE DIRECTION

MAXIMUM LOBES NOW
AIMED BELOW
HORIZON

Fig. 7. The vertical pattern can he altered Iy wse of electrical heam tilt.
The pattern s vaised or lowered like an wumbrella.
ELECTRICAL

ANTENNA
CENTER

DASHED LINE NORMAL
MAX IMUM LOBE DIRECTION

SHIMS ADDED UNDER
BASE OF ANTENNA

Vig. 7-5. Using mechamcal heam tilt, the pattern is vaised 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 inradio
is supplicd by directional antenna systems, where other stations on the
same channel must be protecied from interference. However, directional
antennas used i IV work have other purposes. Becanse of site locations,
a station will 1trv 1o get the best possible use ol its signal by directing it
where it will do the most good. For example, it the antenna is located
on the scacoast or at the edge of the Great Lakes, halt” of the signal
would be wasted over these bodies of water. By redirecting this energy,
more power will be available 1o provide a more solid coverage in the
desired arca. "The nominal gain higure becomes revised upward when
directionalizing is used, at least in the direction of the major lobe,
Directionalizing is a simple matter with uhf antennas,
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Huorizontal Pattern. "This is a e for the radiaed energy coming off
the antenmas A simplified example mav help o clrityv the ditterence
between this and vertical patern.

First, asswme vou can see the v-f energy radiated from the antenna.
Then, il vou take o ride ina helicopter and hover directly above the
antenni, looking down and off 1o the horizon on all sides, vou will see
the radiated energy macivenar patern (Gfitis a nondirectional antenna).
This is the horizontal pavern (Fig. 7-6) Tt will Took much like a large
Hattened doughnut: when von look down direcdy ar the top of the
anteni, vou will be looking at the hole in the douglnut.

NORTH

Fig. 7-6. .1 puctorial vepresentation of the horizontal pattern.

Pertical Pattern. Continwing  the simplificd analogy used tor the
horizontal pattern, assime that the helicoper now fhies some distance
from the antenna and Linds ona smaldl hill so that vou are on a level
with the clectrical center of the antenna. 11 the doughnut were now
sliced i two, you could see assilhouette of the energy from the ground
to the sky which is the vertical pattern (Fig, 7-7).

Azimuth and Elevation. Some discussions on antenia theory | especially
m regard to divectional antennas and contoured paterns, will use these
two terms instead of horizontd and vertnical patterns, Azimuth is the
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~1

Fig. 7-7. .1 puctorial vepresentation of the vestwal pattein.

horizontal pattern in o particalar divection, such as azimuth readings
on a compass would indicue. Elevation is the vertical pattern in i panticu-
lar direction. These terms are more specific than hovizontal and vertcal
|)ull('l'll.

Feedpoint. "I'his term may mean the point where the transmission line
feeds energy o the antenna array or where the mdividual dipoles
obtain their cncrgy from the nrain teeders M ubit antenna arvas s hine
onh one feedpoint from the station transmission hine. Both aural andd
vistual onputs are combined with o special device i the transmitter and
both are fed on the sane transmission line 1o the antennae Fhus, onh
one line is required up the ower, Fhere are no separate vadiators for
the aural and the visual,

De-tcing. 1t is necessary 1o keepice trom torming on the antenna or
1o melt it off after it has formed. White diflerent models of antennas use
ditferent methods, the basic means s a0 60-avdde carrent and some
heating device to mebt the ice,

Most antennas are not atlected by o smalt amount of ice. but heavy
wwing will detome the antenmas which Gauses o mismatch 1o the line. Such
a mismatch will cause high standing waves 1o appear on the trans-
mission line. .\ high power transmitter can damage twibes, the line, or
the antema, itselt, when high standing waves arve present. Also, ghosts
or multipte mages will be tansnntted in the pictare,

Using the Charts
Antenna specification sheets or discussions of uhf antennas often

use specil chares and tormulas,to help describe the performance ex-
pected of w particnlar anenna, especiatly i regard 1o radiated patterns.

www americanradiohistorv com


www.americanradiohistory.com

158 PLANNING THE LOCAL UHEF-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
ol poor signal from some viewers who are close enough 1o the antenna
to see it Of cowrse, there may be several reasons for this. such as a set
working poorly or an improperly installed receiving antenna, but i
could also be that there are holes in the coverage area.

Some understanding of” the charts and other specification informa-
tion will prove helpful wo the station engineer when he finds himself' in
such a positton. Itmay be ditheult to explain why the setowner can't geta
good signal when he only lives a short distance from the antenna and s
located in a null or weak signal spor.

DIPOLE

Fig. 7-8. The field pattern around a single dipole antennea is vound and
symmetrical.

First, consider the vertical pattern radiated from dipole antenna.
From the side, it tooks like the cross-sectional view of a donghnut: 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 energy s directed
mmto the main uscful directions and added cnergy o merceases signal
strength. But this Hatens ot the doughnut so that the pattern shows
clongated lobes instead of circles with smaller Tobes clustering around
the center (Fig. 7-9). As the stacking continues, this process continues
so that the main lobes become very narrow. (You will ind these deseribed
as lobes, beams, or rays: for practical purposes, these terms are svn-
Onvmous.)
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SMALL

SECONDARY
/ LOBES

INCREASED S IGNAL STRENGTH [|

STACKED DI-POLES

Fig. 7-9. Stacking dipoles alters the vertical pattern. It s flattened o
a dise with small lobes appearing near the antenna, creasing sighal
strength o the main lobes.

Charts of vertical patterns show the lobes in only one direction tor
clarvity. For a nondirectional antenna, they are equal and ina circle
around the antenna. Divectional antennas will have vavious shaped
patterns in different directions.

Generallv, the chart of the vertical pattern has degree markings at
the bottom and relative lield sorength 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 left side
and relative held sirength readings are at the top of the chart. The curve
will then go across the page from the teft, which would be antenna lo-
cation, to the right, which would be the horizon. Remember thac this
is onhan approximate visuatization, because the carth is not straight,
as are the lines ot a chart,

The pointed nose of the corve is the maximun signal lobe trom the
antenna to the horizon ona divect line. This would shoot right over the
horizon and be tost. This lobe narrows as the stacking is increased. The
lobe or beam width is measured in degrees at the points where the
refative ficld strength drops 3 db down from maximum (at approxi-
mateh 70% o maximum). Very high gain antennas have very narrow
lobes. For example, the RCA TTFU-32H, with a power gain of 52, hasa
tobe onty 1.25 degrees wide. On the other hand, the RCATTFU-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 sufter with poor or no
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signal. Beam tilting, as show in Fig. 7-10_is ased 1o point the nose of the
lobe so that it hits ground before it goes past the horizon. This provides
good coverage out to the horizon without losing oo much signal.

HORIZON

(B)

Fig. 7-100 ¢4y Without heam 4t the mam lohe of the signal would pravs
over the horizon. (B) Beam blting points the nose of the main lohe at or
Mightly belowe the horizon for better coverage out to the horizon.

The uht signals trav el inastraight line from the antenna and will not
return to carth pase the horizon. When the tobe shoots past the horizon,
very linde of ivis useful on the other side unless someone his an antenna
thatis high cnough o intercept some of the signal (which is now heading
for the ionosphere and oblivion),

A chart such as that shown in Figo 7-11 is used. with approprie
formulas, 10 determine the distance o the hotizon and various de-
pression angles from the iuenna to receiving antenina locations. Know-
g the distnce 1o the horizon and o vrious receiving locations will
help make the vertical pattern more useful. These chart figures are
Fairly reliable for Hat tervain, but having a mountain ridge nearby that
is higher than the antenna will change these igures markedly in tha
direction.

The colunm under By gives the distance 1o the horizon from the
clectrical center of the antenna. (Fhe height ol the electrical center of
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162 PLANNING THE LOCAL UHF-TI STATION

the antenna above average terrain s shown under L) The column
under Ay gives the depression angle from the same point ot the antenna
to the horizon,

The figures under the given depression angles vepresent the dis-
tances, in miles, to various receiving antennas for that angle and antenna
height. The figures, obtained from the tormula shown (D = 0109 11/A),
have heen rounded ofl,

Fach manulacturer will compute patterns for the station to meet its
mdividual needs. Afrer the antenna has been assembled. it s tested on
a large turnable by making actual measurements to see how it conforms
to the computed pattern. In most cases, the measured values will be
almost identical 1o the computed values, The charts and measurements
are supphied to the station along with the antenna.

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

We can use the charts to obtaim much asetful informanon. For ex-
ample, four calcutated vertical pattern charts are shown for the RCA
TFU-24DM, a medinm-gain antenna. Fach chaot represents acdifferent
value of electmeal beam il

In Fig. 7-12A0 the antenna has a 0.25° heam dili, which drops the
power gain hgure from 244 1o 23.2. Follow the zero degree line from the
bottom of the chart to the top. The zevo degree line is a straight hori-
rontal line out from the antenna. ‘The point of the lobe is not on this
Hined it s on the 0025 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, ol the maximum lobe
signal strength. Also, note that the heam width is only 2.1 degrees at
the 70% points.

Assume, for this example, that the height of the clectrical center of
the antenna is 500 feet above average terrain. In Fig. 7-11, Jocate the
500 foor line under the height column. Av this height, the distance to
the horizon (under Dy will be 316 miles and the depression angle at
the horizon (under \y) 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 H degrees, read 1.09 miles: and under 7 degrees, read
0.78 miles. These are not exactly the points we require, but the exact
ones may be higured if desired. For example, the distance 1o a receiving
antenna at the 5.1 degree point will be:

0.0109 X t1 0.0109 X 500 545
l) = = - = —
A 5.1 D1

Thus, a pomt 1.07 miles from the antenna will have only 1% of the

= 1.07 miles

maximum lobe signal.
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CALCULATED VERTICAL PATTERNS FOR TFU-24DL AND TFU-24DM ANTENNAS
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Fig. 7-12.

(c)

24DM anitennas. (RCA)
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From Fig. 7-11. we know that the depression angle at the horizon for
this intenna height is 0.343 degrees and that the point of the Tobe s
approxinmately at and stightly above the horvizon and is receiving the
maximum lobe signal strength. Fach of the four charts in Fig. 7-12 man
now be checked for these points to see how electrical beam tilting may
help filt the nulls without veducing the signal at the horizon oo much.

In Fig. 7-12D. for example, the heam dtois T degrees which reduces
the lobe power gaim 1o 18.7. At the horizon. the 0.343 degree point, the
signal is down approximately 11% and the 2.7 degree null point is up
o 35.5%. the 5.1 degree nuall poimis up to about 13%. and 1he 7.2
degree null point is up 10 7% of maximum lobe signal strength.

The smaller degrees of beam tiltare generally used, except in special
cses and contowring. These nulls will not be oo serious unless the
power radiated is very Jow, I a station as transmitting an ERP of 200
Kilowatts, a recever located only three-quarters ol a mile away can do
very o well without all this power heamed ar it. On the other hand, it
onlv 600 watts are transmitted. the null an this point could be a serious
problemn.

Fig. 7-13. This high-gain whf pxlon antenna is being veadied for check-
out on the turntable at the factory. The windoiwe covers are not yet in place.
(RCA)

Commercial Antennas

The RCA Pylon Antenna

The RCA high-gain ubt pyvlon antenna shown in Fig. 7-13 s more
poputarly known as the slotted antennae Tis construction s both simple
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and rugged. Essentially, ic s a0 barge coaxial transmission line with
appropriately shaped dots cut in the outside wall so that energy may he
radiated.

R-F energy is fed from the station transmission hine 1o the antenna
buse as shown i Fig, 7-1-40 T'he outer conductor of the transmission
hne is grounded at this poine and the inner conductor connects 1o the
imner conductor of the antema, which s o copper pipes This center
conductor is grounded at the op of the antenna. The tength muse be

correctto do this, butitis part of the antenna design,

Fig. 7-1 4 Lhe coaaal feedpoint is prominent at the hase of the whf pvlon
antenna. Ao shown are the cable to the beacon light and the junction box
Jor the heaters. (RO 1)

Some sivles of pylon use a teedpoine that is hatb-way up the antenna,
As Fneas the station is concerned. the feedpointis sull av the hase of the
antenna s i the other sivles T this case, the siton transmission ine
ends at the same place, but the e mner conductor. imstead of connect-
ing to the antenna center conductor, joins with another pipe thae nrrkes
a coaxial line with the center condnctor. A the midway point, the
cnergy is ted o the e conductor of the antenna. As hetore, this
mner conductor s grounded at the wop ol the antenna,
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SLIDING
SPOKE SHORT
~~HOT DIP GALVANIZED ~-_HOT DIP GALVANIZED
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TEFLON END SEAL
ALUM INUM )
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T i
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RINGS iﬁﬂ!?g o
(A) -—————lNPUT {8) INPUT

Fig. 7-15. Two methads of feeding r-f energy to different RCA antenna
maodels: (A) the end-fed antenna: (B) the center-fed antenna. (RC.A)

As r-tenergy travels along the inner conductor of the antenna, some
ot it is coupled 1o the individual stots as it passes (Fig. 7-16). This cou-
pling is made with a small loop or a small bar that is connected 1o the
cdge of the slow

The center condactor is a copper pipe and the outer conductor is
made ol a special steel. The supporters and spacers between the two
are made ol tefton. Avthe top,a plate is provided for mounting a stand-
ard beacon lighe, with the power cable runming down the outside of the
pylon. Also, a branching-tvpe lightming rod svstem is firmly bohied to
the plate. Since both the inner and outer conductors of the antenna are
grounded 1o the tower a high degree of lighming protection is atforded.,

Climbing spikes are provided so that the beacon or antenna may be
serviced. At the botom of the antenna, a tlange ol special steel is pro-
vided for mounting the antenna to the wop plate of the tower. The
antenna teedhine protrudes into the tower a short way for connection
to the station transmission hine,

Fach individual slotis covered with a polyethvlene cover or window.
This cover also contains an ant-oxident and an ultraviolet imhibitng
dve. The main purpose of the covers is 1o act as a small radome over
cach slot and keep rain, ice, dire, birds, ete., from the inside ot the
antenna.

The entive antenna is designed 1o mount by itself on the top ot the
tower. 1t is designed 1o EIA windloading specilications ol 30 pounds
per square foot on flat surfaces and 33 pounds per square foot on
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Fig. 7-16.  The slot covers have been vemoved [rom this pylon antenna.
Uhe aluminum bay couplers can be seen inside the slots. (RCA)

round surtfaces, which is equivalent to a true wind speed of 110 miles
per hour with no ice. 'The mechanical specitications tor such an antenna
are given in Ig. 7-17.

De-icing is accomplished genevally by the use of calrod heaters that
are bolted to the outside of the outer wall. These heaters ave covered
with asbestos 10 prevent heat loss 1o the ai and direct contact provides
the best transfer of heat 10 the metal. As an accessory item, RCA will
supphy an automatic switch that witl wurn the heaters on when conditions
call toritand off when thev are not needed.
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[ o \ / Definition of Mechanical Symbols
‘ T o & Symbol  Units Definition
‘ i S s A feet Antenna aperture length
| } D, feet Distonce from tower top to center of
I wind loaded orea of antenna
H feet Height of pole (only) above tower tq|
| 9 p y p
I\ H feet Height of Electrical Center above
L tower top
° H, feet Height of antenna above tawer top
‘ I ELECT including lightning protectar
"2 A CENTER i psf Wind pressure for which the ontenna
a " 1s designed
A J inches Pole diometer tap section ar entire
| antenna excluding slot covers
|
o d et My K inches Pole diameter bottom section
‘ | L feet Shipping length of longest pole section
‘ D, ‘ M Kip/teet  Overturn moment R, D, (thousands
( cf foot paunds
l } ‘ 0 N Number of sectians in which pole is
¥ f
= shipped
] TOWER R . g
- L I L “1op P paunds Weight of heaviest pole section
R, pounds Wind reaction at center of wind
- X looded area
v U inches Diometer of bolt circle of base flange
5 ' S
Y v inches Bolt diometer used in base flange
9
| | v W tons Weight of complete antenna including
.U inner conductor
X Number of equally spoced balts used
, in bose flange
%—am Y. inches Cleorance hole diameter required in
- tower top for antenna or feed system
TYPE TFU-24DM UHF TELEVISION ANTENNA, MI-19304-B/A
Chennel H H 1 ™ R w
n 413 22250 35 08 1275 12
kH 4300 22 000 s 303 1265 12 Constants
hh 4275 21834 35 98 1255 1z
34 1208 21 384 3s 293 1245 12 H —.5 . H
3s 4183 21417 s 288 1235 12 H, H .52
3 4138 21187 40 283 1225 T
37 4092 20917 o 278 1218 " I 50730
38 4038 20 750 0 273 1208 1 K 8%
39 40133 20 584 40 268 1198 m
40 39 92 20334 0 24 18s n L H
ot 39 58 20 167 40 260 175 B N
42 3928 20 000 40 255 1165 m
a 3883 19834 13 250 1158 " Pw
44 38 67 19 584 45 247 1145 m ] 13
as 38 25 19 417 s 243 138 "N
a6 38 00 19250 s 239 125 " A
47 3767 19 000 45 234 1110 1 X 12
48 3728 18 751 45 230 1095 10
49 3708 18 584 s 226 1085 10 Y, 8
50 3675 18414 50 221 1075 10

Fig. 7-17. Mechanical specifications of the RCA uhf pylon antenna, type
TEU-24DNL (RCA)
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A high-gaim antennag such as the pylon, wall have nuall points i s
coverage, some of these as dose as aomile from the antenna, By the use
ot a small amount ot clectrical beam tle and adjustiment of phase and
amplitude 1o the different slots, these weak signal aveas can be hilled in
so that coverage is sobid i the primary service arca.

The horizontal and vertical patterns can be shaped ind contonred.
Your requirements for vour area should be worked our with RCA
ANeN Cngineers,

Besides the medinm and high gain pylons, RCA has a small Tow gain
antenni, the FEFU-6B which s also a slotted pylon antenna. Teis light-
weight, only 49 10 68 pounds (depending upon channeh). fois approxi-
mately the same size in diiomerer as the 3% -inch transmission ne and is
essentially an extension of the tansmission Tine. However it s made
brom heavy aluminom tabing. "This antenna has @ bottom mounting
plate that permits its monnting divecthv on the wop of the tower. onan
ountrigger. o1 even inside the tower. Nanwally, the side or inside mount-
ing will affect the normal pattern of the antenna, which is caleulaned tor
@ lop monnting position. Since it is possible for this antenna o be
mounted inseveral places: theve is no provision for mounting a beacon
on the wop of i

The General Electric Helical Antenna

1 he helical antenna is a simple, ragged antenna that will withstmd
moderate icing and high winds and s notaftected very much by chmatic
changes. The elecirical and mechanical speaifications of sachvan antenna
are shown i Fig. 7-18.

Working on the traveling-wav e principle. a single feed point delivers
r-I energy to cach bav, which is wound with two helix wires, cach slant-
ing the opposite wav, (Working two helixes this win cancels any vertical
polarized components that may be radiated. due 1o the pitch ot the
helix.)

As with o taveling wave inactong wire radiation from cach spival of
the helix s progressive. so that the signal at the end iy low o1 non-
existent. Fhe ends may be grounded or lett open without any veflection
cifects. Generative abone 2 wavelengths per non e ased. which pro-
duces @ side-hre radiation.

Fach bav is made up of o vight-hand and leti-hand helix, fed from the
center point. Since two helixes are placed end 1o end and ted ar the
common point. the impedance at this pomt s low approximately 100
ohms. There are no high voliage points and the antenna s basically
a nonresonant device.

The heliv wire is the actual radiating clements supported abont the
mast with insulators, At the end of cach bay ave flainges that permit the
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LEGEND

H, Height of ontenno obove tower 1op—over-oll
(Note Subtroct 375 feet from H to obtain antenna height,

R Height of radiotion (electrical) center above tower top

M- Moment meosure in foot pounds

S Shear measure in pounds

lJ ~ _—t
3 ‘e W  Weight in pounds
28, =N Leterns
EPIRY
| Iz o5 G
— L= .
L tomt -y =™ bt teed
e a agogre
e (1o ~ S

FCC FILING INFORMATION FOR UHF CHANNELS 14-83

M ment Shear
! Hegart 1 501 50 b wegn
W nd W ond Free Feoe
st Acage P aer  Pomer
antenna Tyoetar UNE Bos | Damernt ] eut G n Goa  Pocr Spa e
[N . Rodat n ve Raro ab (et
| Cenres 11 18) I (b} .
)
| - i

Channels 14 18 Ch 14 I [{ 1Y ‘ h 14 Ch 18
vara ' 104 1817 1580  84) 628 2430 a0 1400 0 250 5 699 3 r7 198
Traza 2 100 .860 2590 1165 1130 10300 sio 2200 60 580 10 1000 4351 11,8
Y 3 0. 3705 3600 1688 1635 21000 1170 000 80 560 5 1178 5329 ks
Tv 24 a . 0% 4750 4810 2200 2140 35500 1520 1800 60 80 .0 1301 8153 i
Trisa 5 0% 5795 5620 .733 2645 _ 33000  1a70 4303 60 560 3 1398 6880 tise

Channgls 17.24 Ch 17 Ch 24 ‘ 7 | Ch 24
- 0 1567 teg8 o 8 | 370 3080 s 20 ] 250 s 699 377 1098
? 10 2562 2406 11te 103 | 917 750 1930 60 880 0 1000 4351 zg
3 10 3339 3345 161s 1497 | 18670 1080 830 0 860 15 1176 530 1as
i 10 4334 4247 2 17 2038 31230 1410 3330 8 660 0 1301 8153 tisa
iss s 10 5530 3160 (610 24'S 43330 1870 4135 | 60 ° 5 1398 4880 s

Channels 23 32 L e A LD
v 1 8% 1478 Ml 574 sa 2730 30 1090 20 220 699 2077 1098
e . 8%  .186 .50 1028  ves 5020 819 1770 0 sio 1000 4351 8
viac H a% 3254 1%a2  te@z 1436 1370 860 2200 50 640 176 339 1as
yiac I 8% 4202 1945 1935 1808 22830 1120 .e93 0 680 101 8153 1 se
e 5 | 8% s10v 4790 | 390 2230  3a170 1370 3508 0 560 1198 s280 1168

Channels 33.43 LEh3 Cha) ) ch
oo ' 7 1377 1297 517 Tare 2100 330 935 20 .0 s 699 307 1098
20 2 7 202 2052 935 ass 5870 560 450 0 aio 10 1000 4351 d.e
va3p 3 71 3047 2807 '357 1233 1o 785 2010 50 60 15 117 5329 1 as
™20 i 7i 388, 3360 770 110 Iei70 1020 7300 80 660 0 1331 8153 115
v iso s 7 @17 a7 1w wes 26830 1170 3060 80 80 L3 1198 5830 118

Chonnels 44-58 [Chae Chss chas chse
it 1 8% 1202 1217 a7s 1570 79 770 15 163 s £99 3070 1008
b 2 6%  204c 1892 850 a7p a0 1o 30 o 0 1000 a3t 1.8
e 3 &% 2792 7567 | 1225 8030 000 1543 is s 18 176 3329 1
Tvae N 6% 3542 2247 | 1600 13173 770 1eso 80 660 % 1301 8153 1isa
s s s a29: W 1975 19580 930 281s 80 ‘60 5 13198 6800 a8

Channels 37-08 [hsr cher vy
ok ' 1195 1140 a0 1170 2m 615 s 15 5 699 307" 1098
Wk 2 1863 1755 748 3200 370 915 30 30 10 1000 435’ 1128
e H 53 2370 1080 5000 500 1210 s s 13 91va s tus
Tv2e s . 3205 7085 lals 9780 430 60 as s 20 30 153 1S
s 5 3875 3600 1750 a0 270 %00 s o 25 13%8 080 118
Channals & "eher cne3 cnes

e ) s 1137 1979 e 1000 200 85 15 18,3 s 590 3077 1008
T2z m 2 5 1749 1633 o7 2580 320 855 0 1o 01000 .31 1128
Teaiw 3 3 el 2187 99 4900 30 1o 30 330 15 178 8379 s
™ ian I H 973 64 1299 >830 ss0 1350 30 30 20 1301 8153 tisg
tasw B 5 13sss 31es 1808 t1s7o 870 *3s 30 Mo 75 1398 8880 1iss

* Anténna Heght and Heght of Rudiition Center mav be hnearly mterp lated trom the values shaws tr all chae

Fig. 7-18.

nuds betwern himits

Electrical and mechanical specifications of the GE helical ulf
antenna. (GFE)
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bav to be rotated. Small stubs can be mounted on the helix at eriteal
points. These stubs, in conjunction with the rotation possible at the
flanges. permit electrical beam dhting and patern contouring.

The power gain for cach bay is five. Normally, the havs are stcked,
five 1o an arrav, for a power gain of 25, Two antennas of five bavs cach
may be stacked one above the other fora power gain of H0.

Distribution of power to the individual bavs is from the inside of the
mast mounting pole, which is an integral part ot the antennae (s 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 shortlengthe There are no feedlines or cables outside the mast.

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

Climbing spikes are provided up the side of the mast for service o
the beacon komp or antenna. The top plate will tike acstndard 300 mm
beacon and is provided with a lighiming rod that is bolted o the plate.
The cable tor the Hght runs down mside the mounting pole. "T'he mast
and helix are both grounded to the tower for lightning protection.

De-icing is accomplished by feeding 60 cvele current through the
copper helin wire, The antenna is unaffected by small amounts of ice
but heavy radial ice witl detune and change the windloading figures.

Orvdinarily, this antenna is used when a nondivectional. cireular
pattern is desired. Shaping of the patterns for null fill-inand contouring
to meet local coverage problems are usually emploved., although some
dircctionalizing mav be accomplished.

The General Electrie Zig-Zag Antenna

The newest entry into the uhf antenna field s the zig-zag antenna
(Fig. 7-190). UNF stations are now permitted to use any directional
pattern desired 1o meet coverage problems and this antennais made
Just for these purposes. Not only can vou obtain a normal, circular, non-
directional pattern with this antenna, but GE antenna engineers have
already computed over 150 different hovizontal patterns that may be
realized with it by proper arrangement of the panels. Some of them
are shown i Fig, 7-20.

Operation is based on the traveling-wave principle inalong wire. The
radiation is simikur to o broadside array ol dipoles over aveftector panel.
Of course, wire tength and the space between the wire and pancls mus
be correct to accomplish this and ave part of the antenna design. "Fhe
long wire is bent at half-wave intervals 1o create in-phase conditions and
cancel out any vertical polavized components that may be radiued.
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Fig. 7-19. (A) This G ag-ug antenna has several panels mounted that
are being adjusted to the specified pattern. (B) A close-up view of 2g-ag
panels showing the bent-wire radwting element and the feed point. (GE)
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TYPICAL FIELD PATTERN MECHAN ICAL ARRANGEMENT
VAN
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Fig. 7-20. Some of the more than 150 calcudated patterns avadable with
the GE ug-wag whf antenna: (A4) Thiee panels formmg an equilateral
triangle whose side d varies from 0.5 Nto 1.5 X in 0.1 X steps (d = 2.0 A,
2.5 A0 3.0 00 (B) Four panels fornung a square of 0.8 A vde. (GIE)
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Fach panel is made up of two bent, hatf-wave conductors, fed at the
center point (Fig. 7-19B). The conductors are made o heavy copper
wire mounted on stand-off insukutors, The panel is a steet sereen, which
acts both as aveflector and a mounting device. The retlector is grounded
to the tower. The ends of the bent radiator mav he left open or grounded
without affecting the radiated patern, because the v-f Cnergy s very
low or nonexistent e this point, as in the helix. The feedpoint of the
panel is at low impedance, henee, there are no high volage points.

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

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

Antenna arravs mav be made up i oseveral wavs, General Electric
will supphy a complete array, with its own mast, beacon top plate, and
mside tansmission line, that has been completely assembled, adjusted,
and tested at the factory o meet customer requirements. Inother
words, @ complete antenna, just as the helical antennais complete,
designed 1o be top-mounted on a wower with only one feed point at the
bottom for the station’s transmission hine.

The panels may also be mounted on the sides of an existing tower
and erected i the field. T this case, GEantenna engineers will compute
the desived patern and arvangement o suic the particulr tower and
mstallation,

Towers

Towers come inall shapes, sizes, and stvles. There are probably no
two wdentical owers, although some may be very similar. Each one is
custom-built 1o meet staton requirements. In regard o wwer 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, weightand type of antenna to be supported, platforms needed for
beacon tights, members o support line hangers, elevators, ete. 1t is not
possible merely to order a certain iodel and size from a catalog. Ordi-
narilv, the tower design engineers witl work with the antenna engineers
and station consuliing engineer 1o determine what specification the
tower must fulfilb to meet the requirements of the station.

Cost of tower, base, and erection will vary considerably, because cach
mstatlation s customized. This was shown in Chapter |, where three
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stations with dilerent requirements had to payv 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 guving problems.

Guyed Towers
Space 1o plice a tower is of prime importance and may be a deciding
factor. Guyed towers require move space for the guys and anchors than

Fig. 7-21. A guyed TV tower. (Stainless, Inc.)
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a scl-supporting tower. Towers over 500 feet high are usuallv guyved,
although there have been some higher than this that were setf-supporting.

Guyed towers are usually triangular (three-sided), and linear without
taper from to to bottom (Fig. 7-2D. You may estimate the distance from
the tower of the guv anchor that will be farthest from the base as 70%
of the tower height, For a 300-foot tower, this anchor will be about 350
feet trom the buse. Remember that guyvs come oll the tower in three
divections and ke up i tot of room.

Self-Supporting Towers

Self-supporting towers are ustatlv made of heavier tmembers, mav
be cither three or four sided, and taper from a lirge bottom 1o a small
top. These have no guy wires and depend upon the ower o hold iself
up. Such towers are usuallv more costhv than a guyed wwer of the sume
height. Fstimate the space required tor the base as about 10% of the
tower height. For example, i 500-foor self-supporting tower will have a
base widich of about H0 feet on cach side,

Tower Bases

Guyed towers have two tpes of bases: the fixed base and the pivoted
base. On a fixed-base tower, cach leg bolts direethy 1o the mounting bohs
cmbedded in the conerete pier. On a pivoted-base tower, the three legs
of the base converge to a single mounting point with the conerete pier.
This tvpe is generally used when there s a possibility that the founda-
tion miy settte because of poor load-bearing qualities of the soil. Should
the foundation seude, the wower can still stand straight and plumb, for
the base will pivot. "The fixed-base tower is used when the foundation is
not expected 1o seute, Before any tower is designed, whether guved or
setf-supporting. drillings should be made at several places in the soil
and subsoil for soit samples. These samples should be laboratory-tested
Ffor load-bearving qualities.

Radio Towers

Many present-day radio antennas are lightweight guved towers,
Atthough most towers were setf=supporting in the carlier davs of vadio,
the number of radio stations today necessitates the use of directional
antennas more often than not. In order to keep down the cost of several
towers, lighter, fess expensive towers are used. These are designed 1o
support onhy themselves, Many of them cannot caony the added weight
of one of the korger ub i antennas, although some towers may be rein-
forced and reduced in height. Lightweight antennas may be side-
mounted on some of these towers. Inall cases where vou consider using
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existing towers, the tower manufacturer’s engineers should be con-
sudted about what the station proposes to- do. They will soon tell von
whether it can be done or not.

The heavier antennas, sach as the pelonand the helix, orany antenna
designed 1o be top-mounted. will bolt directly 1o the wop plate of the
tower. Guys extend only trom the tower as no provision is made for
guy points on the antenm.

Lightning Protection

Al owers should he grounded for lighming protection, as the con-
crete picr is not a good ground. .\ wide copper strap should be brazed
or bolted to the tower and run 1o a copper rod driven several feet o
the ground. No tower can be made lightming proof. but lighming rods
and a good ground will keep charges drained ofl betore they can baild
np cnough potental to strike. Fxen with the best protection, a beacon
Famp will be knocked out occasionally by lighining.

Painting

Painting galvanized towers takes special preparvations so that paint
will adthere properly to the metal. Galvamizing makes the best weather
protection, especidlv over the vears, and the painting is required by the
FAA so that the tower will stand out. Paint, of course, also contributes to
proservation of the tower. Hosurtaces are not properly wreated before
paint is applicd.inca shorewhile Tavge strips of paint will peel oftand tall
from the towerand a new paint job may be necessary within a vear, This
1y one reason why i station should contract the painting only 1o a reput-
able tower-painting company. Many painters can get the paint on the
tower, but making it stick tor a long time requires experience and
know how,

Windloading

MostU TV towers are designed tor 3%, pound windloading. T his means
they can withstand e steady wind pressure ol 50 pounds per squate foot
on projected Il surfaces and 33 pounds per square foot on round
surfaces. For partcular aveas 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 ctors
should he considered in the windloading, such as microwane reflectors,
which manv he added ata later date.

Tower manutacturers are justly proud of the fact that veryv, very few
towers have ever come down and many haive been standing tor 20 or 30
vears. I tower should fall because of weaknesses or poor design, the

tower manafacturer’s veputation would he dealt a very serions blow,
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Fig. 7-22. An ice-encrusted tower. The antenna is enclosed 1 a radome
for this severe weather location. (RCA)

Few customers will buy from a company that has had one of its towers
fall. This 1s another reason why every tower mstallation is custom-built.
Il you already have a tower erected for a radio or an FM side-mounted
antenna. vou may find the tower manufacturer very reluctant to have
vou place a one- w three-ton antenna on the op of it

Antenna and Tower Care

Because the antenna is somewhar out ot reach and out of sight for all
practical purposes. there is a tendency to torget about it uniil trouble
develops with high standing waves or ghosts. However, there should be
regular inspections of the antenna. justas there is with other equipment.
Ot course. i1 1s more ditheult 10 keep as close a check on the antenna as
with other equipment, because few station engineers are also climbers.
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Finding somcone 1o climb the tower s generally not dithceolt. The
veal problem is iimding someone who will also be able to do some good
while he is up theres Most climbers can tell vou i bolts are missing,
members are loose, or paint s peeling oft, but they may not recognize
small cracks ininsulators, ightlv-burnt joints, or other sources of pend-
ing trouble. Fheve will he times when vou arve fortunate enough to
discover i climber who, even though he mayv not understand electrical
problems, will be alert o almost anvihing on the tower or antenna. Such
a person can be taaght to look for and recognize potential troubles and
will bring back correct information.

Reporang of information mayv take several forms, One of the hest
methods by firis pictares, I a climber ¢an operate a Polavoid camera,
much usetul intormation concerning the condidon of insulators, con-
nections, windows, and porential trouble sources cn he delivered
the ground. Further implementation of this information with sketches
and exact measurements will make it casier lor both him and vou w0
discuss possible remedies for whatever sitmation mav be present on the
tower. The dimber should be instructed o look for anvihing that s
obviouslv wrong, of course, and nmany of the following conditions,
which can eventually develop into veal ditheulties,

Paint in the wrong places is o real headache that will worsen as it ages
and oxidizes. Some painters get very sloppy while working high on the
tower, because they helieve vou cannot inspect the work, Sometimes they
will paint over the slot covers on the pylon antenna and the insudators
on the hehix and zig-zag or the feed points on these latter antennas, On
the pvlon, painted windows will detune the individual sfot. which may
cause burning at its feedpoint. The whole pattern will be affected when
several slots are not radiating properhv. Similine effects will occur on
other antennas when imsulaiors or feedpoints are painted.

When the antenna and tower are beig painted. il the antennacisn’t
too high, i good pair of binoculiars will be ol great assistance in keeping
a check onthe painters trom the ground. Fven it vou can’t see such fine
detail as paint spots on the insulators or windows, the painters may think
vou can and will be more caretul.

Cracked or missing windows on the pylon antenna can canse trouble,
because rain, snow, ice, dirtand birds can get inside. Loose or warped
edges will allow the weather clements inside and a window i this con-
dinnon may blow away ina high wind, Damaged or missing windows
should be replaced immediatel. Don't give the weather a chance at the
inside of the antenman A few spare windows should be kepron hand arall
times, so that replacement may be made immediately withouat waiting
for pants to be shipped brom the factory, "These polvethvlene windows
come in one standard size only, so cach one must be cut for the slot size
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on vour channel The plastic is aovery tough matervial and is quite difheult
to cut while up on the antennae It is best to measure one ol the orviginal
windows white the antennacis stith on the ground and 1o cat the spare
windows 1o that size. This will save tme and trips up the tower whena
replacement is needed.

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

Two-way conversation between the man on the tower and the gronnd
can be accomplished in different wavs, Small, vansistorized walkic-
talkies will be very helptul from all locations on the tower, Telephones
may abvo be used by rinming telephone cables up the tower and pro-
viding outlets at a number of elevations.

Iee and Its Effects

Many areas ol the country experience heavy icing i the winter
months. Antennas are designed o handte smalt amounts of ice. which
will not aflect antenna performance oo much. .\ heavy icing, however,
is a severe problem The weight of heavy glazing with move the antenna’s
structural design parameters closer to the hmits of safety, even though
the antenna design includes an ice factor incits application. Electrically,
heavy ice will detune the antenna, causing o mismateh with the trans-
mission line and. consequenthy high standing waves and ghosts.

Heaters will take care of the ice problem, it they wre trmed on and
working properiyv. Tn o severe ice storm, even the heaters mav have
trouble keeping ahead of ice formation, but they will prevent enough
ice from torming to give anv trouble, although vou mav have o olerate
some increased VSWR and ghosting in the transmitted picture,

Temperatures at the antenna level are usually colder than at ground
fevel, The steel i the tower is colder than surrounding air because the
nuss of the steel tkes longer o change temperatare. Anv moisture or
condensation will freeze on the antenna is the temperature of the steel
s below treezing, With this in mind, don’t wait until the VSWR starts
1o increase before turning on the heaters, Iy 1o anticipate ice con-
ditions, especially severe icing, so that the ice will not have a chanee to
get ahead ot the heaters,

Some manutacturers will supply awtomatic equipment that turns on
the heaters when icing conditions are present or equipment can be
instatled that will i on with the tower tights @ night there is usually
some frosting on high antennas). With the later method, a switch should
be provided so that the heaters miay be trned off during the warm
months. Some type ot indicator ac the base of the tower or in the build-
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ing ~should function as aoreminder that the heaters are turned on or ofl.
Without it, vou may think that the heaters are on when they are notand
the ice will gevahead of vou. Such an indicaor will also prevent the pos-
sibility of the heaters operating all summer long (which has happened).

Remember, absol that ice on the antemu witl not stare o mele uniil
dav orsoafter melting his occurred on the ground. You nman be search-
g tor other vroubles atter the ground is thawed when the e is sl
atfecting the antenna’s performance.

Checking VSR

The quickest indication of trouble at the antenna will be a high
VSWR. Most operaors check the VSWR at the beginning and the end
ob cach day. .\ low reading in the morning and a higher reading at the
end of the day are indications of pending trouble. becanse something
is probably heating with v-f energy in the line. OF course. high VSWR
can be inthe ansmission Tine dselt. A split bulle, poor connection
heating, or new dent will change the characteristic impedance of the
fne and mismatch the antenna and transmission ine. Inosuch i case.,
the new VSWR will probably remain constant.

Regubiar checks on the Hine and antenna VSWR with a sloted ine are
recommended. Such checks shoutd be nide throughout vour channel
width at every quunter megacvele: the reflectomerers on the transmitter
indicate VSWR at the carriers onhe "Fhe antenia and Hine should have o
very low VSWR across the whole channel width. Otherwise, degradation
of the picture will occur in the form ot ringing and ghosts. "T'his is
especially rue i vou transmit color. Fhigh standing waves in the area
ot 358 mc above visual carrier will cause phase shifts of the subcarrier,
Exen color cancellation may take place due 1o phase changes.

‘Fhe bestmethod of making VSWR checks is opening the transmission
e ac the antenna and terminating it with i resistive load of proper
mipedance. Follow this with o check of both the line and antenna to-
gether, This will help indicate where the sonrce ot trouble mav he
developing. A d-c resistance measurement of the whole svstem will also
mdicate changes in the joinis,

Fhe RCN Service Company will make these measurements on a
contractual basis. cither as a part of a proof-of-performance of the
whole svstem, which must be done every vear, or only a vearhy chedk of
the antenma system. They have dimbing engineers who do this work.
You can purchase the necessary equipment to do the job vourselt, but
itis quite expensive and will seldom be used. especiabiv since there will
be no other use for it except on the antenna. Most consulting engineers
have the equipmentto do this work. as do the field enginecrs of diflerent
manutacturers,
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Cost Estimate — A Representative Installation

It has been pointed out several times that the tower, transmission
line, and antenoa installations are generally: customized to suit cach
station’s requirements. However, the reader may get somie idea of costs
in thisarea from the following representative instatlation. (T'he estimate
for this example has been very gencronsly given by RCA's Tower
Merchandising and Antenna Division.)

Example station:

Charnmel: 35,

Antenna: RCATTFU-24DM.

Tower height: 400 feet.

Tower tvpe: Guyved (with no special guving problems).
Transmission line size: 34 -inch, vigid.

General equipment: Lighting.

Here is RCA's price quotation, given verbatim:

L. One 400-foot guved. partially galvinized, nonimsulaed ower,
Tower 1o be designed to resist aanitornn windload of 40 pounds per
square foot on tlat surtaces and corrected for rounds as outlined in
ELA Stundards RS-222 while supporting the following equipment:

() RCATFU-24DM ULHLF amtenna, channel 35.

(h)y One 3% -inch transmission line.

(¢) Lighting in condarit,

() De-icer conduitand wiring for stecomelters onanmenna and auto-

matic control unit,

Tower o be uniform, triangular cross=section, 5 feet on aside, with a
pivoted ar ixed hase. Leg members to he of high-strength tabular steel
or solid rounds.
Platforms at all light levels.
Provide for an inside ladder.

Leg assemblies will he given one shop coat of paint after fabrication: the
balance of material 1o be hot-dip galvanized atrer Librication,

2. Lighting equipment in accordance with FCC and FAN specitications
governing structures of this height, Ty pe A-3 kit Necessary conduit,
wiring. junction boxes, photo-clectric control, and flasher mcluded.

3. De-icer conduit and wiving tor operation of slectmelters on antenna
and automatic slecnmelter control unit.

Price of ower, lights, de-icer material (FOB factoryy o000 $17.000

4. Necessary Libor and equipment to erect the tower described above on
foundations installed by othersaccording to specibications and drawings.
The following work 1o he performed:

() Unload tower material at railroad siding and haul to construc-
tion site (distance considered, 1O miles).

(b Erect 400-foot tonwer complete.

() Install one RCA FFU-24DM UHEF antenna, channel 35.

() Install one run of 3%-inch transmission line and associated
support hangers from base of antenii 1o hase of 1ower,

www americanradiohistorv. com


www.americanradiohistory.com

THE UHE ANTENNA 183

() Insall lighting equipment o base of tower.
() Install de-icing cquipment 1o base of tower,
() Paint tower and antenna —one ficld-applied coat,

Price tor all erection services itemized above oo 0oL S12.000

This estimate does not indude fignres for the conerete toundation or
guy anchors. These will depend abinost entirely upon soil conditions
the tower site, which can be determined after test dritlings have been
made and the soil analvzed. As o guess, these anchors and base will run
somewhere between $5.000 w0 $10.000. This work is usually done by a
local contractor according 1o 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 TTFU-24DM, uht antenna will
cost $17.500,

The wotal cost of this istallation is as tollows:

Costotrower .00 e o STHT000
Costob antenma . oo e 17.500
Cost of transmission line (from Chapter 6y ..o oo o0 0oL 1.223
Coat of concrete base and anchors Gipproximatey ..o 0oL 8.000
COstof Crecton ... 12.000

Total  $H8.723
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Chapter 8
Film

Ihe single Largest item ol program material for a non-network aflil-
red station will be film, Uhis will include features, hatf-hour shows,
fill films. public service and commercial announcements, and tocally
made film of sporting events, news, and special events,

Film Damage

Good reproduction of fitm noc only requires that projection equip-
ment be kept in good repair, but also that the handhng and preparation
he done with care, both tor a smooth presentation and 1o avoid damage,
Many film distributors, especially of teatare films, will require payment
for the film if i s damaged. This continued damage pavment can be-
come very expensive, especially if one of the projectors is at fault and
mam films are dimaged.

Features or series are usually sent out on o “bicyele™ e trom one
station to another around a delinite circuit until they retuarn 1o the dis-
tributor. 1f vour projectovs diumage the film, the next station on the
circuit may not be able to use itand, therefore, may lose revenue for
that period. This same thing can happen 1o vou it vour predecessor
diumages the film, especially if the diomage s not discovered until im-
mediately before show time, when it is 100 late 1o get another printg

The only wav 1o prevent loss of a show due to diamaged filim received
is through inspection of all film received orgat least, inspection off the
features and similar revenue-producing shows, Free films and filters
need not be checked, but the short commercial spots should be. Onh
in this wav can vou be reasonabhy sure that filnn will be in good condition

184
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for showing ind that vour own cquipment is not causing any damage.
It could happen that vou may lind vourselt paving tor 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 ready-to-show position. On one occasion, an
hour show that was on two reels had the second halt labeted #1 with the
academy leader and tide atached o the front of it The plot line of
that particukar showing did not make much sense. There have been
films that were rewound ill(()l'l'('('lh <o that the \])l'n('k('l holes were on
the wrong side, with o keved reel that would go on the projector only
one wav. Such films have to he wound properly before they may he used.
In other cases, broken fihn had not heen respliced but merely wound up,
or the break had merely been taped withhmasking tape. Many odd things
can happen to film as it goes around the circuir.

Film Previewing and Inspection

There s a difference between inspection and previewing, as indicated
i Fig. 8- When a filnis previesed, it is ran ona small portable pro-
jector, The whole show is reviewed on i sereen and the sound s heard
on a speaker systent, There are many occasions when previewing should
he done. You witl olten only preview sections of the show o determine
the hest place for a commerdcial, For this purpose, the sound must also
be heard so that the correct mood pomtmay be chosen. There are many
shows that alveady have a place for a commercial inmmouncement, some
cven with white leader in this area, especially those shows that have
been television shows and are now coming around the cireuit on o re-
run basis. Previewing takes up aclot of time: as long, at teast, as the film
is to run on the air, because most projectors do not have a last forward
arrangement on then.

hispection, although not as thorough as previewing, at leastis faster,
This method involves a small viewer mounted on a rewind table. While
the film is being run through the dmer, itis also ran through the viewer.
Scratches or bad processing will show up in the viewer. Sprocket hole
inspection is done by holding the fitm lightlv: between the thamb and
forelinger over the sprocket holes as they move switilv by (Fig. 8-2),
Pressure should be Hight: only enough 1o feel the holes. With o hiade
practice an operator witl be able 1o determine what condition the holes
are inc (1 the filmis held oo tghthytorn film can cat the lingers,) There
1s no sound cheek with this method, but il there are no seratches or other
dimage, vou can be reasonably sure the sound will be alvight 1t the
emulsion is sovatched badlv the ilm can be put in o projector and a
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MOVIE PROJECTOR

LOUDSPEAKER
(A)

REGULAR REWINDS

[ — ra By i FILM
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/ > BENCH
VIEWER SCREEN

(B}

Fig. 8-1. (o) Previewing fim. (B) Inspecting film.

FILM BEING PULLED RAPIDLY THROUGH REW IND
SOUND

NTRACK 16 MM FILM /|
N DD
\5\\? = Q = @GW/\
A
= \

SPROCKET
HOLES

FINGER AND THUMB HELD
LIGHTLY OVER SPROCKET HOLES

Fig. 8-2. Manual inspection of sprocket holes on film.

listening test will determine whether the sound is poor or not. \ visual
inspection of the emulsion side with the maked eve will often show up
scratches. I film with a magnetic stripe is being inspected, vou nity
listen 10 the sound on the film beneh with a small transistorized plav-
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 fthnis broken, the sprocket holes are chipped or torn, the
emulsion is scratched, or thie outer edges are damaged orworn. (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
dav-to-day tvpes of dinmage.)

Seratehed Film

Seratches are caused when the emulsion rubs against sonme 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 vails are worn down, the emulsion will
rub. The greatest offender in this area will be the skids at the wp and
bottom of the film gate in the projector. At this point, the pressure shoes
are holding the film tighthy against the vunners and the motion of the
fihm is also tending to throw it against the skids, T seratching is occur-
ring. check these skids for wear, The surest sign that seratching 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 sereen at one
time or another. 1o will start out as a hair or string thickering near the
top of the picture and continue 1o build up until there is quite a tangled

=
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Fig. 8-3. Birds’ nests are created when emulsion s scvaped off the film
Iy the projector or dirt accumulates in the projector gate.

mess of black material, cither standing still or waverimg around. While
this may be dirt or Hnt that has been picked up.in most cases it will be
cmulsion that is being sevaped ofl the fihn, Whichever it is, it shoudd be
cleaned out immediately, because this accumulation will contibute to
further seratching, as well as ook bad on the airs A squirt of film
cleaner or even a dab of salivie will clean the gate out quickly when the
fitm is running. Never use oil ona filim, as this will ching and cause dint
and dust to cling 1o the tilm, and in both cases will show on the aived
picture.
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When dive or other foreign material is altowed o build up o aroller
where a film must pass, whether it be in the projectors or in viewers or
tmers, it can cause seratching, Al sach surfaces should be kept clean
at all times, Film seraches will show on the air as aneven or random
vertical Hnes in the picture. Badly serached film can be very annoving
1o watch.

Damaged Sprocket Holes

Chipped or worn sprocket holes are caused when the film s pulled
over the weeth ona sprocket instead of the teeth seating in the holes
as they should. If an intermitent wype projector loses loop and the
fihn is pulled cither ahead of or hehind s correct timing position, the
claw will not fall into the holes correcttv. T it hits between holes, it will
probably tear the film or the hole, I icis mistimed just i simall aimount,
the claw teeth may cut the edge of the sprocket holes and enlarge them
(Fig. 8-4). Fnlarged holes allow the filn to wobble as it goes through and
is pulled down, cansing the projected picture o jiter.

FILM

SPROCKET HOLES
SPROCKET — TORN AND ELONGATED

HOLES

~(I7 CLAW HITTING
R0 BETWEEN MAY TEAR EDGE
f/% HOLES [_—OF FILM ALSO
-2, I
[ - 70 | \NORMALS|ZE
SPROCKET HOLE
PROJECTOR
PULL-DOWN—""]
CLAW

Fig. 8-t Film is invariably damaged when the film loop is lost.

Detecting jitier and wobble can be done readily it vou have test film
on hand. One such filnis o white ball on a black background. A loop of
this test film is made up and vun in the projector and the picture is
viewed onaomonitor. Any jiter or wobble will be quite evident. In case
there is no test film handy or vou can’t stop and check out the projector,
observe the vegukur projected program material on the air. This will
take longer, of course, and will not be as conclusive as wowest film, bt
these observations should be made all the tme that regukar program-
ming is being conducted.
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Jitter and Wobble

Jitter i afast vertical movement of the projected image that occurs
when succeeding frames of il are not in the same place when the
light is projected through them. "o check tor jitter ina program film,
witch the lettering of the titles at the beginning. a building which has
a roof line across the top edge ot the picture, or a steady background
ohject that has a horizontal edge near the wop of the picture. Teis best
il the line is very near the top, so that the edge of picture blanking can
be used as a steady vreference. (Persons or other objects in the picture
are usualhy moving around and are not o usetul for jitter checking)
You must be certain the svne generator is not causing the elecronic
picture to jitter. Also vou should observe several ilins, even it the jitter
in one of them is very bad. Filmomaking equipment today is held o
close tolerances, but some individuad films mav come out poorly because
the film was stretched.

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

Generally speaking, most movies or feature films will be quite steady
in themselves, 10 jitter or wobble is present, it is probably due 1o faults
in the projectors, Another test to use when a specihie filmis guestionable
is 10 run the film or a section of it on another projector. Comprre the
same section of il on both projectors. B is highhv unbikeh that two
projectors will he out of adjustment or worn i exacthv the same wav o so
if’ jitter or wobble is present on both projectors, the faultis most likely
1o be e the film.

In dav-to-day operations, the control operator should be atertto these
things as him is being progranmuned. I 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, don’t ex-
pect lilm 1o be as steady as the pictures you get from a live, studio-
camera picture. Fhere will alwavs be some shight movements of filn,
You should not be oo concerited with these, but should be able to derect
when movements are g('lling worse.

Green Film

Losing loop on the projector can be due to nmproper threading of the
film onto the projector. sprocket shoes that are not adjusted properly.
or “green” film, which s tacky. Green il will asuably stick hethe gate
because ot the hear at this point. When the hin hesitates, even for an
instant, TV projectors will tear it up. 1 the plavout reet has too much
tension the film loops may pull out, because the film isn't feeding
properhy.
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Generally, sprocket shoes should be tight enough so that two faversof
ilm will just pass casily and one Taver cannot be pulled past the teeth
by hand. Clearance for two favers is necessary so that a sphice may pass:
otherwise, it will be pulled apart or jam (Fig. 8-5).

2 PIECES OF FILM

SPROCKET
SHOE
PROJECTOR
THICK O " FILM SPROCKET
FILm
SPLICE

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

When bl does lose foop or s incorrecthy threaded, ip svne will be
off. The lips of the person atking in the picture will not be synchron-
1ized with the words that are heard. Lip syne can be ofl 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 pencit or finger and pulling the film loop down while it is running to
correct lip syne. Ordinarily, such a procedure will corve the hip svne
problem. but it can also cause fitm damage. "T'he best procedure is 1o
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 1o run green film is to cure it first. This can be done by
running the bl through a special chemical bath which will cure and
harden it There are machines on the market avaitable tor this purpose.
There is sull a better and less expensive wav—the use of small units
and some home-made adapiers,

Film Cleaners and Hardeners

You can buv a small cleaner unit that is designed to be used on the
film bench in the il room. A small container of cleaning fluid is fed
to a felt pad, which in o wets a double aver of famnel, "The tilm s
drawn between the thannel Lay ers. which are very soft and Hndess. You
should have two such units, one tor each projector in the control room,
You will need 1o build vour own mounting brackets so that the unit
will it on the modet projector vou have, This cleaner should be mounted
so that the film comes direcdy from the play-out reel through the
cleaner,

www americanradiohistorv. com



www.americanradiohistory.com

FILM 191

This can be developed into an automatic system by secnring two elec-
trically operated valves that will open up when the projectors run
(Fig. 8-6). These valves may be purchased on the surplus market. A
single tank mav teed both cleaners through hoses i the projectors are
close together. Before the Huid gets 1o the valve, install a small hand.

Fig. 8-6.  This small, bench-type filn cleaner 1s mounted on the front of an
RCA TP-16 projector. 11 aulomatically cleans, hardens, and lubricates the
1 before it goes into the projector. (WLBC-T1’, Muncie, Indiana)
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operated shutolf vabve and a0 glass tube, This tbe s the tvpe that is
used as boiler pressure wbes. The small valve will permic adjustiment
of the flow so that the fluid onby drips. Too much flaid will appear on
the projected picture as “golt” balls,” which are really: bubbles. The
common tank should have a lid onicand should have a capacity of abo
one gallon. Another feed svstem may be used for these cleaners. Some
old-tvpe ol stoves use a smadl tank and drip adjustment 1o teed the
burners. Obtain one ol these for cach cleaner and mount it on the
projector inasuitable place.

Running film through rewinds puts i small el trostatic charge on the
film which attracts dust. These linde cleaners, installed in this fashion.
will clean, Tarden, and tubricate each hilm Just before it goes into the
projector and hefore it has had time o pick up dust or foreign material.
The projected picture witl alwavs be a clean one.

An iexpensive cleaning and hardening Huid 1o use in these units is
called Cholorothene. For cach gallon of cleaning Huid. add one teaspoon
ol Dow-Cornimg silicone tluid #200, 350 ¢s. Both of these may be obtained
through chemical supphy houses or diveet from the manufacturer,

Reels

Bent steel veels will cut the outside edge ol the film. The most inex-
pensive and best way 1o avoid this damage is 1o use a plastic reel (Fig.
8-7). A very good, tough plastic reel is availuble that is pliable and al-
most indestructible. b holds the il well and will not cuarse damage
i any wav. Also, these veels cost less than steel reels. Made rom o
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 1o the serviceability ol these reels. We received
asample reel when they were first released for sale. Being skeptical of
plastic reels from past experience, we considered this reel as just another
tow-quality. plastic rech. The detter that came with the reel snggested
we test it any way we desired: we did so. The anchor put it on the tloor
and stood on it Such reatment would normally damage a steel recl
bevond repair. Upon inspection, the plastic reel showed no signs of’
dimage. We then tested it rigorously —throwing it on the Hoor, twist-
ing it out of shape by hand, winding tilm very tight on it After trving
evervthing we could think 1o try and damage the reel, we gave up. That
rect fooked just Tike it did when we took it out of the box, in perfect
shape with not & mark on i, After two vears of daily use as the main
takeup reel o owr control room projectors, it is still just as good as the
diy we recened it (with the exception of some signs ol discoloration due
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Fig. 8-7. Several sizes of plastic veel. (Plastic Reel Corpr. of Ameriea)

to handling). Not only is the veel superior o a steel reels but i costs
Fess. 1600-foot steel reels will cost about $1.75 cachy in gquantiny pricing,
while the same size plastic veel will price ontat S1.30 cach in quantities.
(I'he reelis made by Plastic Reet Corp. of Americas)

Projector Maintenancee

TV projectors are held o tighter tolerances than are howe snle
projectors. Consequently, these machines are often Tussy about the con-
dition ot the hilm they will pass. When something goes wrong, more
often than not damage witl ocenr 1o the filime Splices must be good or
they will pull aparte 1 a splice is oo thick or if s edges project, the
film will hikelv he o,

Dailv cleaning and oiling of” the projectors is w must. I the hlm
schedule is very heavy, the gates and rollers should be cleaned more
often than once a dav. The projectors should be torr down and gone
over thoroughly cach month, RCA Service Company, with trained per-
sonnel, will service vour projectors once amonth under contract. Re-
placement parts are also supplied under these contracts and you will
receive as many additional emergeney calls as are necessary, Otten, the
cost of the replacement parts used in o month will more than pay for
the contract. Unless vour personmnel are capuble of doing this work, 1
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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 cconomical
anangement.

Film Room Equipment
A heavy film schedule calls for adequate handling cquipment in the
film room. A few basic items are mentioned here: cach staton will add
other equipment to meet its specific needs. The best cquipment avail-
able should be purchased 1o handle film: it will pay for itselt in inany
WAVS.
Bench

A suitable benele should he constructed that is covered with a counter
top of some casv-to-clean material. Cleanliness is a must around film.

Power Rewind

A heavy duty, power rewind (Fig. 8-8) is a worthwhile investment.
The smaller rewinds will wear out in a short tme and will need o be
replaced. A hand-operated rewind will prove 1o be very ineflicient,

il

Fig. 8-8. 4 heavy-duty power rewind. (Hollywood Film Co.)
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especially with a heavy film schedule, The power rewind should have a
foot-operated contre il

Playout Rewind

The plavout 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 o the operator., 1 when film s
being rewound rapidly, it begins o spill for some reason,an operator
mayv grab the plav-ofl veel with his bare hadd. 1t this reclis asteel one,
he can be cut badly.

Fig. 8-9. The Synchromaster; film timer. This model will time two flms
simultaneousty. ( Neumade Products Corp.)

Film Timer

A il timer is guite uselul on the fitm beneh, but it should be con-
structed so that it will not damage the hlm. You cannot depend upon the
timings shown on the feature films, hecause they may have been dam-
aged and part of the film removed. Withouta timer, programming can
hecome very uncertain and a poor on-the-air product results. Several
tvpes of timers are shown in Figs, 8-9 and 8-10.

Viewers

Some viewers are quite dinand must he operated with the room lights
wrned down or ofl. Seleet o viewer that is bright enough to leave the
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Fig. 8-10. This film tomer will time four Silms sinmltaneously. (Newmade
Products Corp.)

Fig. 8-11. A mavual, 16 snm film splicer. (Newnade Products Corp)
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lights on when it is used. Ttis better when the operator can operate in
the light. A viewer iy indispensable for film inspection.

Splicers

A splicer (Fig. 8-11 is a must and should be of very good qualinn, TV
projectors are critical of sphices and will cither pull apart poor splices
or the il will be torn. The cement used should he fresh and of good
grade. 'Fhe splicer should be kept clean oy splices can’t be made prop-
erlv. Phere is an autonutic splicer available that does a very good job.
It is more expensive, but may be well worth the additonal cost. s s
the case with most automatic equipment, it is more fussy about the
handling it receives. Unless it is constantly kept cleaned and properhy
adjusted. it won't do avery good job. (Italso happens that many people
who do film work have trouble with anv complicated picee of equip-
ment. For such people. a manual splicer will be hetter.)

Hand Tools

Two small hand tools will be ol great assistance in preparing hlim,
One is for punching cue marks on the film These small holes are usualhy
placed newr the end of the ilm so the operator in the control room
knows just how manv seconds are left before he has o amake a projector
switch. Fhis will present such i smooth program flow that viewers nin
not even know there was a Change made from one projector to another,
There is only one dithculty with cne marks at the cnd of areel of hihn,
After it has been around the cireuit, it may have a number of such
marks, all ditferent. As these flash onto the comner of the sereen, the
()l)('l'zll()l' Ty become ven ('()llill\('(l.

The second hand ool s intended 1o clean up sprocket hotes that
may be torn, This punch will notch outa torn hole so that there are no
rough edges 1o catch. Tt can’t hetp il more than one hole is damaged
in sequence. because the daw needs at least one hole to pull the ilm
down and past the gate in the projector. 1t several holes e torn out
sequence, it is better o splice the film 1o corveat 1.

Film Storage

Storage of Lilm should be given careful consideration. Not onhy will
space be required for day 1o dav il handbing (film being prepared
for the dav's showing., film that is received and that which is being
shipped oun, but space will also be required for tess-trequenty used
film such as commercials, features, news, documentaries, and other such
fitms that belong 1o the station. Over a period of time, il in these
categories will gradually increase in butk. They should be stored so
that they are kept free from dust and damage. Film mav be stored in
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Fig. 8-12. A txpical plm storage cabinet. (Neumade Products ( lorp.)

plastic or steel cans, shipping boxes, or cartons, and should be prop-
crly labeled for casy identification when it is needed. Steel cabinets
(Fig. 8-12) arc also available that have doors on them so that the cabinet
mav be closed. Such film need not be stored in the Hilm room, although
itis the most logical place 1o keep it

Preview Projector

A preview projectorisa must. Fhis should be one of the better-quality,
home-type projectors with good quality sound reproduction (Figs. 8-13
and 8-1-4h. Cleaning and maintenance of this projector is often neglected.,
with the resnlt that film damage is often caused before it gets shown on
the air.

Shoot Your Own

The local market station will do much in the wav of local interest
material for programming. This may be news, special events, or sport-
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Fig. 8-13. oA small 16 mm projector, the RCA 400 [r. suitable for film
previewing. (RC.1)

Fig. 8-14. A small 16 mm projector, the RCA 400 Magnetic, suttable for
previewing film with optical or magnetic sownd tracks. This projector is also
«@ magnetic vecorder. (RCA)
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mg events. Here again, the extra money spent in buving good filming
cquipment will payv for itsell inavery good quality product tor air pres-
entation and theve will be fewer maintenance problems.

Many 16-mm movie camevas are available Tor TV ase, such as tha
shown in Fig. 8-15. Make sure they will operate at 24 frames per second,
The older types operated at 16 franes, which is why the movements in

old movies shovwn on 'V are very jerky.

Vig. 8-15. The Kodak Reflex Special. a 16 mm camera. (Easiman Kodak
Compuiny)

A movie camera can be cither asitent model or one that will record
sound on film opticallv or magneticallv. Cameras ave available in 100,
400, 600, and 1200 foot magazine sizes. Eachecamera can hold fihm only
up o it maximam magazine capacity, Some adapters o hold Targer
magazines are supplied for smaller cameras, but they mav not work as
welll sinee the mechanism mav not be able o pull the extra weight of
the film. Consequently, there may be speed variations in these cases.
However, a camera designed for Trger magazines will handle smaller
amounts of film with case.

While magnetic sound vracks allow o smadley ampliticr and give beter
quality sound yeproduction, it should be pointed ont that there wre some
supphy problems. As of vet, vou cannot buy ilm with the pre-siriped
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magnetic sound tracks. Ordinarity, processing centers and other film
centers will do this striping for vou at a cost ot about 3% 10 1¢ per foor.
This is in addition to the cost of raw ilm. As the demand tor pre-
striped film becomes greater, it undoubtedly will be available as a shell
ien.

Cameras come in different sivles, sizes, and prices. Many ot the
standard cameras have been modilied by other companies, who sell
these modified cameras. Most of the modifications are usually in the
sound svstem. Because of their hight weight, compactess, and low
voltage  requirements, transistors are making guite an inroad mto
camera amplificrs. In most cases, the objective has been to reduce the
size and amount of equipment necessary to shoot sound on film. One
such moditied camera even includes an age amplifier built ino it; the
whole amplifier is mounted divectly on the base plue of the camera.

Magnetic and Optical Sound

Magnetic sound tracks give the best quality sound, but they also have
thenr drawbacks, Because the method is relatively new, many places do
not have equipment to play back the sound because the projectors imust
have magnetic plavback heads on the sound svstem. For vour own
purposes, both TV projectors and the preview projector must have pro-
visions tor magnetic sound if this is 10 be used. Most TV projectors
are often equipped to handle both optical and magnetic sound at the
same tme.

RCA supplies three, reasonablv-priced models of small projectors
for film previewing, One model s especially usetul it the station s
doing any filming with magnetic sound tracks. This unit. the ™00
Magnetic,” will reproduce both magnetic and optical sound tracks and it
also incorporates a magnetic recorder so that sound mayv be recorded
or edited on the magnetic vrack. For example. during an interview,
someone may use fanguage that is not acceptable on the aars ihe vrack
is magnetic, it can simply be erased. 1 the track is optical, the il will
have to be cut, the objectionable part removed, and the film respliced.
Filming ol news events, tranvelogs, and such, can be done sitent. In the
studio, the announcer can add the commentary as he previews the i,
None ol thiscan be done with the ordinary opuical sound tracks.

Muany institutions or organizations do not have equipment 1o play
hack magnetic sound tracks. In many instances, should a station get per-
missiont to film a local sporting event, such as i high school or college
tootbatt o1 buskethall game, the schools will usually want the Bl atrer
the station shows it on the aiv. The coaches and teans use these filims
10 review and discuss their techniques. Giving the film to the school
after the station is done with icis a good inducement to get the permis-
ston to film in the first place.
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The safest procedure in purchasing a camera will be o get one that
can record the sound cither optically or magnetically, Then, it high-
quality sound is desired when making a commercial or other such fibn,
it can be done with the magnetic sound vracks. 1 a school or other or-
ganization will be using the film and they canmot use magnetic sound,
the optical vrack can be used.

Sporting Events

Many sporting events will make good program material for 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
Jobo Tewill ke some careful on-thessite editing and footage minding.
so that film does not run out in the middle of an exciting plav. How-
ever it chimges are gauged to be made during time outs or other periods
of lide inactivity, very litle of the action will be lost. Film shot in this
mamer will also require much editing back in the film room. Since the
camera will be stoted and stopped quite often during the gawme, there
will be mamy 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 beneh
so that the on-air product will appear o be a smooth-flowing. action
film ot 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 o 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; ie., (-\-<-|-)(lni|1g 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 shides (which are
positives). complications can develop ar the operating position, be-
cause the operator must throw a switeh 1o pick up the opposite polarity
video, “There will also be trouble when it is desired to super ashide over
the ilm picture on the air. In this case, it just won’t work.

Stall processors are not very speedy, so it will take some time o gt
the tilm processed, depending upon the length of film 1o be handled.
They are fast enough 1o handle news film so that it is available in a
relatively short time. A full ball game will ke much longer.

In a twentv-four frame svstem, as is used for television, film runs at
36 feet per minute. Therefore, a 400-foot reel will contin T minutes
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of program miterial and a 600-foot reel will hold about 16% minutes,
A full badl game may have about 1600 feet or more of film 1o 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 speedy machine, it will

Vig. 8-16. The Cramer 60-1,a 16 mm film processor for hoth negative
and reversal plm (Milseo Manufacturing Co.)

handle the small station Hilm load. T is normally run at 4 feet per min-
ute. but with an auxiliary dricr unit, it can run at 6 feet per minute.
At the lower speed. a ball game on 1600 feet of film will be processed
i about 6% hours.

The processor makes a lull reversal print, but can also make a nega-

tive print. Several accessories are available; c.g..a warning buzzer o

www americanradiohistorv com


www.americanradiohistory.com

204 PLANNING THE LOCAL UHF-TI" STATION

warn the operator that processing is done, a temperature control,
water-mixing valve that will automatically mix the correct temperaare
water, or a dolly with casters, cte.

One filling of solution will process 400 feet of reversal film. T'he com-
pany setls the processing chemicals abready packaged in kit form, so
that no measuring or mixing is requirved. Each kit will process 100 feet
of film. "The processing does not ive 1o be done ina dark room. as
davhight spools are used tor the unprocessed film and full processing
action can be carried on i broad davlight. No rewinding is required
cither, as the film comes off the processor ready o put on a projector,
with the front end and sprocket holes in the correct position. The
processed film winds onto a regular reel at the end of the processor,

Another feature that makes this processor ideat for the small station
is its physical size. eis onby 10 inches in overall length, 12 inches wide
(165 inches with legs), and 40 inches high with legs (30 inches high
without legs). Thus, itis a small, compact unit that can ficinto a small
space. No special plumbing is required either, as it can be attached 1o
running water through hoses.

Film Equipment Costs

Basic ecquipment is specified here as astarting point. The individual
station will probably expand 1o meet its own requirements. Benehes or
tables are not included, as these may be cither home-made or purchased
ready-made.

Film Room

Dynmamice rewind with handbrake (Neumadey .00 000 o0 00000 8 27.00
Power rewind (Hollywood Film Coo oo o o000 S124.50
Griswold splicer, model R-3 (Nevmadey ..o o000 00000000 S 36.00
Svochromaster model 161, film timer (Neanmadey ... S135.00
Film viewer (RCA) ©. o S 38.50
Spot film cabinet, MM-180-16 (Neumade)y oo o000 oL S$115.00
Feature film cabinet, RK-150 (Neumadey .o o000, $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 ..o o000 S385.00
RCA model 100 magnetic, less speaker o000 o000 %$751.00

The first model will reproduce optical sound onlv, The fast modet witl
reproduce both magnetic and optical sound, and will also record mag-
netic sound.
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Film Camera
Prices of 16-mm Hilin cameras vary considerably, depending on
whether it is silent or sound, optical or magnetic, or both and what vou
desire in accessories. Maguzine size also affects the price. Many modi-
ficd caameras are available, so only a range estimate of costs will he given.
Sound cameras will run from about $1500 for a 100-fool magazine
to about $4500 for a 1200-foot magazine. Modified cameras with tran-
sistorized amplificrs and 400-foor magazines will average about 53000
after a suitable selection of Tenses, tripod, and so torth, are added.

Film Processor

Cramer Model 60-1 (Milsco Mig. Coo oo S8Y5.00

Chemical kit For 100 feet of processing ..o 8 475
Totals

Filn ROOIL © o e e e e e e e e e e S OHL00

Preview projector (optical) oo $ 385.00

16 T Gamera GVETAEe) oo oo e $3.000.00

Processor and KiU . .o e $ 899.75

$5.225.75
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[’lanning the Buillling

The basic building plan should 1ake the future into consideration.
Even when future expansion seems 1o be a far-fetched faney, vou should
provide for it in your building plns so that expansion mayv take place
when the needs are pressing and funds avatlable. Fach room or section,
although specifically designed 1o fitand meeta 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 arca. Because some future type of operation is planned and de-
sired, temporary, thimsy buildings and facilities are istalled in the be-
ginning, with the thought that they will be replaced Later. 1 the expected
revenues do not materialize as rapidly as expected or never reach the
desired level, these nethicient, poorly constructed facilities become per-
manent. Revenues may not reach the expected level for a number of
reasons, such as cconomic or market conditions, but one such reason
could be the ineflicient facilities that have been initally installed.

Plan vour facilities so that future operations witl be direct expansions
of the present facilities. This doesn’t mean a haphazard growth patiern,
where additions are fit inanvwhere as the need tor them becomes press-
ing. Future additions should be planned for and space should be alloted
tor them from the start. When this tvpe of planuing and construction
ol faciliies is done, it expected vevenues do not develop, an efficient
facility will be working for vou and not against vou, 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 tme and no duplication of equip-
ment.

206
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Fig. 9-1. A modern studio-transmitter building. Notice that the roof tine
of the studio is higher than the vest of the building.

The plans and equipment in this book have been geared 1o a mini-
mum operation, small studio originations, once-man control room opera-
tons, and i 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 1o keep the technical
cquipment going. plan for its upkeep, and store sparce parts.

The basic staple for a non-network afliliated station will e film. With-
out a network, the film center wkes on great importance. Theretore,
space should be provided for film editing, storing and projection. There
will he much hive filnting, especially of news and other events, which will
NCCOSSIALe i processing center.,

A news center will be of the nunostimportance intocal programming,
Since small stations cannot expect to compete directty with the korger
market station, viewers must be given something they can get onlv on
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vour station, and this product is news of local events and local items
worthy of airspace. It is important o provide adequate space for a live
WIre 1Hews operationn, not just some cubbvhole with a teletype news-
printer and desk.

Programming needs adequate space for tratlic and a quiet arca for
copywriters. Copywriters and those who must do creative work should
not be subject to constant interruptions.

Other areas also need adequate space and some need privacy, so there
should be some private offices. A place for chients o discuss business,
review their prospective spots, view an air presentation, or observe a
fifim 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 atforded at the beginning,

Types of Strueture

Your arca and climate will have a great etfect on the inal design of the
building. Hot, dusty arcas will call for a different stvle than that used in
cold climates. Masonry is a suitable matervial in most arcas, although
other materials will serve just as well.

The section of the city in which vou are located will dictate stractural
design and materials. A tansmiter building located on an isolated hill
can be purely functional in design without looking nice. However. in the
ciy, there is a certain amount of’ l)l‘('\'lig(‘ that must be maintained.

Some consideration should be given 1o a two-story plan. A one- story
plan can become so spread out with future d(l(lllmns that cthiciencey
dwindles and boulenecks appear. Your original building can be so con-
structed that the footings, sidewalls, and partitions are of suthicient
strength o carry a second floor when Later expansion is carried out.

The number of windows and openings will atfect insurance premiums
and the appearance of the building. Fewer windows and doors provide
greater satety agamst theft and break-ins, but will adso cut down gl
and air. Windows of glass blocks and such materials can be used 1o pro-
vide light. Outside doors should be provided only where necessary 1o
maintain the planned efficiency of operation. For instance, props and
products should be delivered directly 1o the studio from an outside door.

Heating and Air Conditioning

Proper planning of heating and air conditioning both for the be-
ginning and fuwre expansions witl pav oft” in ctliciencies in cost and
comfort (with a consequent better product).
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Ihe transmitter and other technical equipment give off considerable
heat. Unless this heat can be diverted 1o the outside in hot sammer
months, the control room can become a “hoiler room . with consequent
poor cethiciency from personnel and equipment breakdowns, A con-
ditioning will be ot liude help and would probably break down.

Provisions should be made 1o use this waste heat Inothe summer
months. it should be exhansted to the outside with outside air piped in
for cquipment cooling. I 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 sorain on the heating
plant. One station using this system was only getting token gas bhills cach
month. The gas company sent an inspector out to check the meter be-
cause they suspected it had become tauby., since it should be impossible
to heat o buitding ot that size with that small amount of gas. "The in-
spector discovered this small amount ol gas wias onhy used 1o heata tour-
car garage with space heaters, Even in the coldese months, the onhy time
the furnace come on was during the period atnight after the equipuent
had been shut downn,

WEBJA-TV in Binghamton, XY Cabso uses this system of heating. The
station reports that they are located on op of Ingraban Hill, known
tocally as "Windy Hil” and in a completely exposed position. Even
though this section of New Yook state has rather severe winters, the
station reports their heating costs are extremely fow,

Dusty areas require some (vpe ol air tiltering 1o avert equipment
troubles becanse of dust accumulation. especially on high voltage points.,
One station tocated in a steel manutaciuring centere where the ans is
quite dirtv, even added a deviee that clectrostatically cleans the airwith

high vohage.

Traffic Problems

For our purpose. the station’s tratlic means the usual navel ol people
and’or cquipment from place o place. 'l hought should be given o the
flow of the product, from the reception by Sales through the Dathe
Department to Program/Production and. finalhv, 1o Engineering. Fach
ol these arcas should be tocated so that much of the time will be spent in
uselul work. not just in watking from place to place delivering materials,
A considerable amount of this travel can be climinated by instathing an
intercom systemn ot sone iy pe. preterably ot the relephone sivke

Visitors should be able 1o locate the tront entrance with case. Phe
author has olten had the experience ol going to a strange station where
it was quite diflicutt 1o find our which was the main entiance. he en-
trance should be dearly marked mand 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 arcas 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 divectlv off the driveway.,
Otherwise, all materials may have to be carried all the way through the
building. These service doors 1o the studio should be Lirge enough o
drive an automobile into the studio. There will be occasions when vou
will want to do this for commercials or program purposcs.

Other Considerations

The placing of the building on the lot can mean cost and future ex-
pansion problems.

The tower will usuallv be located in the center of the ot this is accept-
ed practice. "This permits the guy wires, if used, 1o be on vour own
property. and it the tower should fall it will land on vour property.
There will also be less chance of paint getting on suwrrounding buildings
and ice talling on neighborhood houses, which will lower the inswrance
premiums. Wherever the building is located. it must connect to the tower
by expensive coaxial transmission line. Longer lines have greater r-f
losses.

ICE FALL
FROM TOWER

.
N ///
5
N
COLD WINDS ?Krowm

—|BUILDING
WARM WINDS PARKING
. | DRIVEWAY

Fig. 9-2. Proper tower location in relation to building, parking lot, and
driveway. (This location is in the miduwest.)
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City water and gas lines must be extended o reach the building. "T'he
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 it you are
located inan arca where snow and ice are a problem. "The city and high-
wayv crews will keep the main streets cleared, but vou will have o pay to
clear vour own, Sometimes it is difheult to get someone to clear the drive
right awav, a time lag that may result in stuck cavs and traflic 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 vour 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 it ofl the
tower. Therefore, in this arca, 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 tall harmlessly onto an open ficld. Falling ice can
put dents in cars, break windows and windshields, injure people, dam-
age the building and voof, and damage the transmission line. Proper
tower location can eliminate most of these hazards.

Inside the building, some suitable place should be allocated asalobby,
even ifitis part of the general oflice, Outsiders should not be permitted
to wander about the station unescorted, both tor 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 oft the air.

The operating area should have closed doors. Visitors will not open
doors, but it it is just a hallway, they may be inclined to wander around.
Large, felt ropes or even a planter will serve to mark oft the lobby from
the general office. 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 as a starting
point or as a terminal operation if no future expansion is contemplated.
With some modifications, it has been used by an existing uhf relevision
station in a mediom market for the past six vears,

The floor plan may be reversed in different wavs, depending upon
how vou wish o locate the building with respect 1o tower and driveway,
Reversal may be from left to right, so that the tower is on the leftand the
driveway is on the right, or reversal mav be trom the top o the bottom,
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so that the entranee is at the op and the studio is on the bottom,. Ex-
pansion of the building is possible on three sides. "The side toward the
tower iy be expanded somewhat, depending upon the distance ot the
tower hrom the building. 1t is expected the tower will be close 1o the
building. however.

Foundations, sidewatls, and inner supporting watls should be strong
enough 1o support a second floor il expansion is desired i this way.
Although the building has been designed with minimum concepts in
mind, all dimensions mav he expanded equathy by several feet it more
“cthow room™ is desired.

Transmitter

The basic design strted with the transmiter. These units will vary in
size. depending upon the manutacturer and power. Enough room is
prepared, so that vou may start with a lower power nnitand kateradd the
higher power units with their water cooling devices and transformers.
This method will not disrupt service very much nor require additional
cquipment during the transitional period. Also. the building will need
no additions. The spare arcas provided may cither be shut off and un-
used or temporarily used for storage or other purposes.

Ceiling height near the transmiter witl be important, especialh af
vour transmitter uses kivsron tibes, These tuabes are several feet tong.
depending upon channel. A block and tackle arrangement is the best

G
% %
SMALL P Z
TOWER ™~} %
/ ?
% /
7///////////////////////// 2
REGULAR CEILING BLOCK //
w7
TACKLE [
KLY STRON TUBE ?
= é
o %
PA %
o L~ CAVITY %
Z
o
’ ?
‘ ROR Y ) %

Fig. 9=t If the transmitter voom cetlimg is too low. a small tower showdd be
built to facilitate veplacement of kivstron tubes.
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method of changing the wibe from the cavitv. These tabes are not
changed while in the vansmitter itself. A small area can be set aside for
this changing process, with a small tower built into the ceiling if the
heightis not enough (Fig. 9-). This would be similar to the hose-dryving
towers of fire stations.

Control Room

The control room has been designed for one-man operation of con-
trol position, ansmitter, and projectors.

The wall oft the hatbway is simply a partial wall, only a few feet high,
mtended primarily 1o define a hallway and at the same time o 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 divectly from the film room to this storage area next
to the projection equipment.

N
N
N
N CONTROL
STUD10 ROOM
WINDOW
N
N
N
FLOOR

FLOOR

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.

The tloor of the control room: may be raised about two feet higher
than the studio floor, it desired (Fig. 9-5). This will permit the divector
and control operator 1o see into the studio. even though there mav be
several people in the wav. Another method for clear viewing would be o
raise the director’s position onlyv. The control room mav be on the same
level as the studio Hoor, but people should be instructed o keep the view
clear. If the two Hloors are level, construction problems are eliminated
and there will be no need for ramps, steps, and the like.

Engineering Office

Space is provided tor engineering work. a drafting board, instruction
manual filing, engineering material filing, and the like, directly off the
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engineering section. The walls should reach the ceiling (at least the one
towards the workshop arca) because the other side of this wall should he
used for parts storage in binsand 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 draft-
ing and planning is being done.

Workshop and Parts Storage

Space is provided behind the transmitter so that work may be done,
when necessary, on the transmitter. Because ot the transmitter’s odd
shape, much of this space would ordinarily he 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 korge 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 vear entrance. Engineering deliveries and shipping are also handled
from this entrance.

The wall of the film room that faces the hallway s really no wall
alll 1t is made up of tilin 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 il room for editing. This
room is located between the film room and the rest rooms. This location
provides closer outlets to the ranning water and drains thatare available
i the rest rooms,

Studio

As deseribed in Chapter 3, a 20- X 25-foot staging arca, 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 o come. Should expansion be required, more of the camera
mancuvering 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 direcdy into the studio. Several doors ot 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 property. The studio should be above outside grade fevel and
a ramp provided so that an automobile may be safely driven inside. This
arrangement does not anticipate that deliveries will be made 1o 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 arca. “These will be a
hindrance to show production and mancuvering the camera. Some ity
building codes may give you trouble here, but proper supports will per-
mit a ceiling of this width without supporting posts.

The minimum ceiting height shoutd be 12 feet: maximum will be 18
feet. The roof line of the studio may be higher than the rest of the
buitding, which is often normal practice.

General Office

The oftice should use glass or plastic partial partiions, so the stafl,
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 1o
form a haltway from the lobby to the studio. This will allow visitors to
go 1o the studio without interrupting those working in the office.

Lobby

Glass or plastic partitions are atso used to define a lobby. A few chaivs
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 o
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 desive 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 othice is. In sueh an arrangement, the
news room would be right next 1o the film processing room, where
news film could be processed and then wken direcily to the control
room. In such a case, however, some change would be required in the
engineering filing svstem, because such things as equipment manuals
should be handy o the control room.
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Chapter 10

Planning the L(l}'ﬂltt

General Layout

Power Entrance

Power should enter the building behind the transmitier room. All
power distribution within the building should be made tfrom this point.
The direction of the high-lines and pole transformer should be such
that they are as far from the guy wires and tower as possible.

When making the prefiminary estimates of a-¢ power requirements,
both for the whole building and for various arcas 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 ditferent sections ot the
building if desired. For example, the office arca may have all its hghting
and outlets controlted from a circuit breaker panel in the hallway, right
oft the oftice arca. This would permit shutoft of any of the oflice 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 vour 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 trom there o outlets at cach point in
the building where a phone may be anticipated. Make this conduit of
targe enough diameter so that any future expansion of the system will
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permita larger telephone cable to be pulled through it. Some telephone
systems also incorporate an intercom system, which uses large cables.
[t would be well to consult the local telephone company for size. A less
expensive method would be 10 provide the intercom circuits vourself
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 1o 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, vou 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.

It possible, uy to balance the power load on each of the legs of the
power input circuit, so that one leg is not carrving inore 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. Evervthing should be bonded 1o
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 10 prevent ground loops, FM
and AM pickup, and other interference problems due 1o a poor ground
system. A heavy ground should be made from the separate units o 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 outets should be provided at ditferem 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 ool and equipment frames will be grounded, protecting the
operator it a short occurs.

Outside lights should be placed in the parking area and main entrance
and around the base of the tower and transmission hne. 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
vandatism around the tower and transmission line.

Heating and Cooling

Heating may be from a central source, using gas, oil, or clectricity.
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 alive show is on the air. Since studio lighting gives off a ot ot heat,
arrange these heaters so that they switch off when the microphone comes
on. This can be done automatically by connecting the turnace to the
“on-air™ light relay.

tHeating can be simpler and more effective by using partial walls
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 10 various sections of
the building. The ducts can be laid in the concrete floor while it is being
poured. The same arrangement can be used with a hot water system,
with copper pipes laid in the conerete 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 o the outside.
Heating for the building described in Chapter 9 can best be obtained
at the east cost by using small auxiliary heaters in different arcas, 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 1o take care of the entire building, using the
same air ducts for both functions. A less eflicient method would be the
use of small units for different areas of the building. Whatever the
method selected, the heat from the transmiting and control room
equipment should be exhaunsted 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 ry 1o 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. Fach manufacturer supplies
all the dimensions for his units, along with suggested lavouts and ducts.
You are not required 1o use these suggested plans, but vou should ask
the sales engineer i there are any special reasons for their particular
lavout.

Once the transmitter and its accessories are selected and your future
power increase is determined, vou 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 1o other uses temporarily. When this is done,
however, care should be used not to mount permanent fixwres that may
have to be removed later. Such an example would be the filterplexer. 1f
i is installed in the space for future equipment, the station may have to
lose air time relocating it

Air Intake and Exhaust

Air intake on some transmitters is from the rear through an air filter.
In hot weather, outside air can be brought in for cooling. Otherwise,
air-conditioned air in the building, will be exhausted outside through
the transmitter. The tansmitter will work cooler, 10 be sure. but it will
severely overtax the air-conditioning unit.

An air duet from the outside should run in the Hoor so that it appears
divectly 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 tansimitter into an exhaust duct 1o control the
waste heat (Fig. 10-1). Movable vents or a duct to the central heating
duct should he constructed so that waste heat may be pumped into the
regular building heating system. Shutoff dampers will divert this waste
heat 1o the outside in hot weather, This outside exhaust will need a
blower at the end of the run or oo 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 1o move out freely.
Dampers should also be installed in this exhaust line so that the outside
outlet can be closed 1o prevent cold air coming in when the heat is
intended 1o go into the building. Blowers and dampers of this pe can
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Fig. 10-1. With a setup such as this, fresh air is fed into the transmitter
through a floor duct. Hot 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 controlted by thermostats. For manual operation, someonce will be
sure to forget 1o have them in the correct mode.

When waste heat is being exhausted into the building, remove the
outside air intake 1o the ransmitter. This will permit the inside building
air 1o circulate, rather than warming cold outside air and the trans-
mitter will work beter, especially i very cold weather. A vent and
damper system can be arrunged with the air intake system o work
awtomatically and in conjunction with it; when the ransmitter s ex-
hausting hot air to the outside. the air intake is getting its air from the
outside and when the exhaust is teeding hot air to the inside ot 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
nany fans pumping air out of the building will develop lower pressures
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within the building. Consequenty, the outside air pressure will force
air inside the building at any point available to it to cqualize the inside
and outside pressures. This can cause trouble with the exhaust fumes
from the furnace, and ammonia tumes from duplicating equipment and
the pilot lights in the furnace may blow out. The best procedure is to
allow the outside air 1o enter the building and equalize the pressure, but
in a controlled manner. Using outside air ducts to cquipment 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 1o an air-conditioning system; a blower
torces 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. 1f it is not closed, the water
will freeze in the exchanger. If it freczes, you won't be able to get the
transmitter on, because it will not work unless there is water circulating.

Frequency and Modulation Monitors

Irequency and modulation monitors should be located somewhere
near the transmitter. The mput signals 10 these units are uhf carrier
trequencies fed on coaxial, tlexible cable. Very long runs of this cable
may lose so much signal that there is not enough left 1o 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 wayv on video cable,

Control Room

Ducts should be built into the concrete Hloor for all the audio, video.,
and convrol circuit runs, as shown in Figs. 10-2 and 10-3. When design-
ing these ducts, make sure o connecet all present equipment and carry
the duct system 1o other locations where future expansion is planned.
A steel cover or some other sturdy lid should be made for these duets,
one that fits flush with the floor level and is tight enough 10 keep out
dirt. 1f 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 tloor ducts.

When it is necessary tor 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.

www americanradiohistorv com



www.americanradiohistory.com

PLANNING THE LAYOUT 225
90 LID SECTIONS
1/4" FISHPLATE " 4'T06' LONG
STEELLIDS >~
. o
el
HOLE CUT IN EACH SECTION 1A
TOLIFT LID BY FINGER OR HOOK
MOLDED LIP IN CONCRETE FOR LID
TO REST FLUSH WITH FLOOR LEVEL
1/4" STEEL LID
FLOOR LEVEL FLOOR LEVEL
e CONCRETE
. FLOOR SLAB

" TRENCH "+ ¢
810 12" WIDE
6'TOR'DEEP ()

Fig. 10-2. 4 typical floor trench (or duct): (A) Top view. (B) Cross-
vection.

NO. 1 LOW POWER TRANSMITTER

NO. 2 CONTROL OPERATOR POSITION
NO. 3 FILM CAMERA AND PROJECTORS
NO. 4 PRESENT RACKS
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Fig. 10-3. The layout of control voom equipment. The hroad, 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 o 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, ete)). He can’t do a satisfactory job it
he must be constanty shiding up and down the control position from
audio to video when the equipment is in the standard in-line arrange-
ment. With a Usshaped arrangement adl these functions will be within
reach (however, there will be no room for a second operator). The con-
trob operator is also stacking slides and loading projectors, so this equip-
ment cannot be placed in another room. It a film should break or a
slide jam, he must be able o clear it with as litde 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 1o see the indicating instruments from the operating
position. Therefore, an unobstructed view of the transmitter must be

AUDIO VIDEO SWITCHER
SWITCHER AND MONITORS
o) 1)
[ T | % o[
O 0 0 O o] o]
o O
o o
T
FILM
CHAIN
CONTROLS
© AUDI0
CARTRIDGE
o TAPE UNITS
STUDIO CONTROL
CAMERA OPERATOR'S
CONTROLS POSITION
o

Fig. 10-4. The U-shaped control position.
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provided. Frequeney and modulation monitors are equipped 1o 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 i, it is sometimes better o make up a remote metering pancl,
which is mounted at the operating position. On this panel will be meters
for the audio and visual tansmitter carrier-frequency deviation and
audio modulation, overmodutation kunp, and reflectometers for the
awral and visual ransmitter output,

A Us-shaped control position is casy 1o design (Fig. 10-1). Place the
studio and film camera control/monitors on the left side of the UL Place
the audio consolette, video switcher, remote controls, and monitor with
pushbutton selectors in front. On the right leg, place the audio tape
cquipment.

Projection Center

The projection center should be located only a few feet behind the
operator. Quict running projectors are a big advantage in this arrange-
ment. Plan for film and slide storage of the matervial 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 whena hlm 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 ditheultv. (Two or
three feet will be suthicient. but it more is available, use i) The wop of
the racks shonld be boxed into a duct and handled in the same way as
the transmitter 1o exhaust hot air. The ends of the racks should be
closed off with a door to form a plenum chamber. A fresh air inlet to
this plenum chamber will provide proper ventlation tor the racks.

A plenum chamber is simply an enclosed space where air may he
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 dncts. Actally, this space is walled in from ceiling o floor, with a
door at either one or both ends for casy access 1o the equipment and
working space. On the outside wall is a ventilator so that fresh outside
air mayv enter the chamber and at the opposite side are the airintakes of
the equipment. ‘The room must be reasomably tight so that the blowers
within the equipment will pull fresh air in fromn the outside, across the
room, and into the equipment. it the doors are left open, the trans-
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Fig. 10-3. 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 an the studio side af the control room.
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mitter room air will be pulled into the equipment also. Hair condition-
ing is being used in the transmiter room, the air conditioning unit will
be overworked. No harm will come to the equipment and it may even
function a littde better, but the air conditioner would not. To maintain
proper pressures for proper circulation of air, the outside air opening
should be at least the same size as that in the tansmitter itselt and
preferably: somewhat larger. This will provide an adequate supply of
air. The outside opening should have air filters installed o 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, cither below the eyve atan
angle or suspended from the studio ceiling (Fig. 10-6). Overhead moni-
tors are not as casy to view, especially when one has to follow copy
also, und they are difheult to work on. "These wonitors may be mounted
in the control room it 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 shde commercials, will
be taped. The booth would then be used only during live shows, Tlow-
ever, this announce position can be direcdy in the studio without sound-
proofing. Under these conditions, people on the show must become
accustomed 1o having the announcer’s microphone live when they arve
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 re-
mendoush. For example, the same announcer could also be acting as
divector during a live show. Tt would simphfy the operation considerably
it he taped his commercials or other annmouncements prior to show tine.
With the announce booth and its own taping equipment, he could even
tape these announcements while props were being hauled inand setup
in the studio.

If the control room tloor is higher than the studio Hoor, use ramps
to change the level nstead of steps. Steps are a nuisance, especially
when it is necessary to roll some picee of equipment from one place 1o
another.
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Allow enough room around all cquipment 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. Ditheult or
mmpossible working - space at these times can he very frustrating and
delay vour retarn to the air,

A sound lock should be constructed if there will be trathic between
the control room and studio during a live show, otherwise noise and
monitoring will cause feedback on the air. 'T'he 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 film room by i wall, the film room will
muroduce additional noise in 1o the control room.

Studio

House lighting should be separate from the stage lighting with s
own switches and separate breaker boxes. While Hluorescent fixtures
may be used for the house lighting. faulty ballasts may generile noise
to the camera preamplifiers. Fluorescent lighting should not be used
anvwhere in the studio,

Stage lighting should enter the studio at one location through circuit
breaker panels connected directly o 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. 1t 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-
tages to mounting them alongside the director, as he can turn on and
ofl'any lighting during a live show for special eflects. 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 1o use wire Lirge enough to carry the light loads that will
be placed on cach cireuit. This is also true of the breakers for cach run.
Since each run has the possibility of several Limps being plugged into
it at one time, it can be easilv overlooked. A single 500-watt lamp draws
+amperes and it wouldn't take too many of them o overload a cireuit.
Use large enough wire 1o carry several lamps and then use the correct
circuit breakers for that size wire. Should vou get 100 many Laps on
the cireuit, the breaker will open before the wire can be damaged and
vou can redistribute the load (Fig. 10-7). T'his can be a problem, especial-
Iv since various wattage lamps will be used in the svstem and Lumps will
be changed from one cireuit 1o another quite often as new sets are
arranged.
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20 AMP BREAKER
500W  S00W 100W  100W 750w 150w 150W
4,163 + 4.16a + 0.84a + 0.84a + 6.253 + 1. 253 + 1.253 - 18.75 AMPS

Fig. 10-7. The curvent developed across each lamp adds and may oon
overload the circuit breaker.

To simplity the figuring of tight load on cach circait, have achartal
the breaker box position that shows each kunp size by both wattage and
amperage. When someone makes up a setcitis then an casy matter to
add up the amperage for the ran on cach individual cireait breaker.
such a method would make it simple for nontechnical people to make
up a set, instead of trving to teach them o use power lormulas.

Stage lighting outlets should also be provided inthe canteranmancuaver
arca. even though vou will not be using this arca for staging at the
beginning. Having the outlets here will allow an occasional use o this
arca for staging. If later expansion calls for continuous use of this
ared, no new wiring will be necessary.

The microphone outlets should ran in conduit and all conduits
should be bonded 1o the buitding ground svstem ground bus.

Heat Exhaust

Much heatis given oft 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-
e, but it air conditioning is not used some type ol exhanst tan should
be installed 10 pump this hot air outside. "This exhauost fan should be
quict in opervation. 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 feave the outside doors open for cooling un-
less they are well sereened. Otherwise, the studio will fill up with flies,
moths, and wasps. ‘These insects must have a litde ham in them, becauase
they are not usually seen until the show gets going. Then, they are
vight on set, usually in the performer’s face.

Camera Cable

The camera cable can be handled in different wavs, 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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mto the control room where it has a plug on the end of it 1o connect o
the camera control unit. Several of these ontlets may be provided around
the studio and wired in parallel, although onlyv one cameri can be used
at any one tme 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 vou can
put the plugs on vourself. The outlets and plugs have metal serew caps
o protect the plug when it is not in use.

g [
STUDIO CONTROL STUDIO CONTROL
ROOM ROOM
g 4
CAMERA CAMERA
INDOW
WINDO CONTROL WiNDow CONTROL
UNIT UNIT
¢ 2
? [/
CAMERA WALL H FLOOR CAMERA
CABLE OUTLET I~ — = ] = CABLE
FLOORE ¢4 ~— ~— 77 FLOOR
(A) (8

Fig. 10-8. Camera cable connections: (A) Connected to wall outlet; (8)
Run through the wall directly to the control unit.

Camera cable can also be connected by running i through a hole in
the wall between the studio and the control room with no specktl attach-
ments. In this fashion, the regular camera cable can enter the control
room and plug directly into the control anit. This is an acceptable
practice, but caution must be made to cover the hole so that audio feed-
back and noise does not enter the studio from the control roomn, T'he
hole should be Luge enough for the plug to go through it. An casilv-
made. detachable cover will saundproof this hole (Fig, 10-9). Itis best o
hive this hole apen divectdy into a duct within the control room.

Should the small studio, as described here, be used as a starting
Facility for o station in a larger market, where future expansion en-
visions more studios and more cameras, it would he hoth pracucal and
cconomical to plan for a camera cable patch panel near the video loca-
ton in the control room. This would permit cameras and contol units
to be casily substituted for others in ditferent studios or if one should
fail during a live show.
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COVER OPEN

COVER CLOSED

LARGF HOLF
THROUGH V. ALL CABLF

Fig. 10:9. 4 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 anv position ol the staging arca. This is especially helptul when
sets are located against different walls. When the monitor is rolled in
front of the set. the performer on set can glance at the monitor directly,
without the viewer being aware ol it Another monitor may be placed
on a high stnd or suspended from the ceiling. so that visitors or specta-
tors may view the show on i monitor also. The video monitor mounted
on a dollv is also called a “roll around.™ This unit can contain a clock
and a speaker and thereby provide completely portable tacilities thai
are alwavs in view on the set, regardless of which wall the setis placed
against.

For news. sports, and similar pancel shows, where only one person ora
few persons sit at adesk or a table, a small 8-inch monitor may be
mounted at an angle within the desk. so that only the monitor face is
visible above the wble 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 letvin it should
contain a lew of the most olten-used wols, To prevent these tools from
becoming “lost” with the other station 1ools. 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 beneh need power at the same time.

Onc or more video cables from the patch panel o the shop will prove
very helpful when icis desired to check out a picce of cquipment with
picture and syne. 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 beneh with one, the cable can be plugged into cither a
spare power supply in the rack or the normal power supply for the
unit.

Al smalt test equipment may be mounted on a shelt above the beneh,
plugged mto a-c power (it they require i, They will then be ready o
use on the beneh at any time by merely wrning on the power on the
mstrament.

It 1s best to mount the tools on a tool board. You can waste a lot of
time rummaging in a tool box to find the ool vou need. Keeping the
tools in the shop area will also discourage others from borrowing them.
Announcers, production people, and janitors have occasion (o 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 mav be pur-
chased and left in their departments. (A few diflerent serewdrivers, a
hammer, a saw, and cutters should be suflicient.)

The diplexer/sideband unit will be mounted in this room also. 1This
mayv be suspended from the ceiling or positioned on a wooden platform
on the floor. Tt should never be mounted directly on the Hoor, because
drafts and temperature changes will cause detuning of the line sections.
Dents in any of the tuned sections can be i serious problem, so it is best
to keep this unit out of the wav and protected from accidental damage.

The most preferable placement for the filterplexer is 1o 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 diflicalt sk, However, there are rarely any
problems with this unit. It it is mounted overhead and out of the way,
1t will not only have more constant temperatures around it, but it will
be less susceptible 1o accidental damage from nonelectronic forees.
This position will also conserve vaduable floor space.

The shop area is also a good place 10 make provisions for changing
klystron tubes, it vou use them. As these wbes are several feet long,
a block and ckle suspended from the ceiling is i good method of pull-
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ing these tibes out of the cavity. I the ceiling is high, say 12 feet, there
mav be enough room. It the ceiling is low, a simple raised ceiling may
be built to accommodate this operation. It vour transmitter uses kly-
strons, cither in the present unit or in planned future power increase
amplifiers, consult with the manafacturer o determine just what size
the tbe will be on vour channel. Then vou may plan accordingty.
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Chapter 11
Test Equipment

Basie Considerations

You will find different test instruments on the market. some of which
are multiple purpose, white others will serve only specific functions. Tt
15 often tempting 1o 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 o
use them may arise only occasionallv. I the same ests can be done with
another imstrument which is already on hand, even though not as quickly
or casily, serious consideration must be given 1o the justification for
purchasing a new instrument. Before purchasing any mstrument vou
should determine if using it is the only way to solve the problem and
how often the problem can be expected to arise.

There will be applications when only w special instrament will do the
work. Even though this work will be imtrequent and on a must basis, the
spectal instruments will have o be purchased unless vou can borrow or
rent them for the special occasions. The station's vearly proof-of-
performance measurements are a case i point. A number of special
test mstruments are required o make some of the needed measure-
ments. However, i this area, there is an alternative: the stuion consult-
g engineer can make these measurements, as will the service com-
panies ol some manufacinrers. These people have all the necessary
cquipment to mike 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. V1-1. Test equipment is arranged for immediate use on this typical
workhench. The instruments at the top are used for aligning off-air veceivers
and for color. (WLBC-TV, Muncie, Indiana)

Even though a complete proof-of-performance should be done once
a vear, nany tests should he done on i weekly and monthly basis, just
to keep the station at peak performance.

When selecting test instruments, buy i very good quality product. T
doesn't cost 2 manufacturer much to enclose an inferior imstrument 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 vou 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 vou are concerned. Such features are usually superfluous or
duplicate other imstruments alrcady on hand. However, when vou
are selecting equipment with none on hand, it is well 1o investigate some
of the multiple-purpose imstruments. Quite often, the cost of the single,
multi-purpose imstrument will be ess than all the individual mstruments
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 mstruments
sell for $3000 1o $5000, which is fess than the total combined cost of the
individual instriments that perform these featres.
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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
cither. Such imstruments 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 serviee shops will not be suitable because a broadcasting
station’s requirements are more stringent. For example, all studio video
cquipment has a bandpass of at least 8 megacveles, while one would be
lucky 1o find more than a 3 megacvele bandpass in a home receiver
(excepta color receiver, which must have at least 4 megacyeles).

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 1o damage in these instances than on
the beneh. Danger of overloads will be more prevalent, especially when
working inside the transmiver with its high voliages.

Test leads and accessories should also be kept in good repair. There
is nothing more frustrating than 1o be required to fix test equipment
betore work can begin. Broken shields. test clips. and ground clips, and
loose knobs all happen with regularity. As cach of these conditions
occurs, repair it immediately. The usual intention is 1o repair these
as soon as possible after the station is back on the air. Somehow. it always
scems ditlicult o get these small chores done —until the next time the
mstrument 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 eve than they are 1o the car. Hum is one good example. On a
musical or similar radio program, a hum level of 35 10 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 welevision 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 svstem may
be oft several db at the high end and the only result may be that the
audio sounds a bit bassy. But it the high frequency response is off in
video, the picture will have soft cdges or appear 1o 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 mavze of technical equipment required to ereate 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 mstru-
ments are expensive and may quickly be made obsolete by newer
mstruments.,

When a test instrument has been made obsolete by a Fater model that
probably also makes other measurements, it is not uscless. It will serve
the same purpose as it did before the newer instrument became avail-
able. This happens often because ot the vapid progress made in tech-
nological refinements.

The mstruments described in this chapter may soon become obsolete,
just as these may have made others obsolete. In many cases, vou can
find a good used instrument on the market which is an older model.
With careful buving, vou can build up an impressive avray ot good used
test cquipment at a reasonable price, equipment that you may not be
able 1o afford otherwise, and thus keep vour station at a top level of per-
formance. Many of the farger stations periodically update their equip-
ment by purchasing the Lutest models on the market. Their older model
instruments are then usually available at a reasonable price.

In the area of overall station technicat performance for the smalier
station, the author would recommend an agreement or contract with
the station consulting engineer, the RCA Service Company, or the field
engineering division of vour equipment manufacturer, to make the
vearly proof-of-performance measurements. These people are equipped
with the experience, knowledge, and test equipment to do a complete
proof-of-performance. As vou acquire the necessary cquipment, and
il vour technical personnel are qualified, then yvour station may start
making the proots 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
dav-to-day maintenance can be done. This will be with evervday test
mstruments such as the mulumeter, the tbe checker, and the oscillo-
SCOpe. Soe system neasuring: 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 feast once
a month, while the overall video svstem should be checked atleast once
a week for frequeney response and the transmitter bandpass. The
author has as vet to see a system that will stay within FCC regulations
for an entire vear without some constant checking of the system during
the vear.
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Basic Instruments

Oscilloscope

I'he oscilloscope is the most indispensable instrument in a television
station. A good scope will help solve halt the problems of maintenance.
It will be in use consantly, more than anyv 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-tvpe scopes will be of any real value here. because of thei
limitations. A good scope should meet these minimum specifications:
tlac vertical vesponse out o 10 megacvcles; preamplibers which will
read very low voltage levels; display of the same polarity voltage on
the CRT as is being measured: stable 60-cycle locking: a delav circuit
so the entire vertical interval may be viewed; a good stable horizontal
oscillator that will rein a siationarv display of one equalizing pulse:

TYPE $23A0 CATHODE.RAY OSCHIOSCOPE VISTICAL AMPUIER = Casmtnior

<

Fig. 11-2. The Tektronix Type 524AD oscilloscope. (Tektronix, Inc.)
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a held shift switch so the other field mav he viewed; a one microsecond
internal marker; an accurate internal voltage calibrator so peak-to-peak
wavetorms may be measured; and coaxial input connectors.

One such instrument thar mects all these specifications is the Tek-
tronix 524AD television oscilloscope shown in Fig. 11-2. This instru-
ment was designed especiallv for television use 10 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 tor moving it from place to
place (Fig. 11-3). The scope remains on the Scope-Mobite 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 itis needed. A small drawer is avaitable in the
cart so that test teads, clips, and other accessories mav be kept handy,

Learning o use a scope will take some time, bu it will pay ofl richly
in shortened vroubleshooting time. Most of vour ditheulty will be in
lcarning how to nterpret the wavelorms that are obtained.

Multimeter

You should have a multimeter with at teast 20,000 ohms-per-volt
d-c scales (Fig. T1-4). Accuracy, again, is a must. This istrument will
fimd use all over the station. 1t doesn't take power and is much simpler
to use for wiring continuity and checking resistance and cables or i
the racks, transmitter, and many other places. The case should be Bake-
lite or some other plastic material so that 1t is insulated.

Fig. Ll-. The Simpson 260, a 20K ohmas-per-volt multimeter. ( Nimpson
Electric Company)

VTV M

The vacuume-tube voltmeter (viviny does have many uses, espectally
on the beneh, but it is less convenient to use than a regular mulumerer.
Because of its very high input impedance, it will find its greatest use
i cheeking r-f voltages in the tramsmitter and aligning ofl=air receivers.
Most vivin's have high voltage probes available for measuring power
supplies for monitors. If vou have to muke a choice between either a
good multimeter or a vivin, the author would recommend the multi-
meter. Most vivin's use an unbalanced input, with the case tied to one
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Fig. 11-5. The Simpson Model 303 vtom with insulated case. (Simpson
Electric Company)

ol the test leads. I vou can obtain an instrament thate has a Bakehite
or other imsulated case, this would be preferable (Fig, T1-5).

Video Swceep Generator

A video sweep generator is a necessity. It should be one of the farger
TV station models, rather than a service-tvpe instrument. e should be
able 1o sweep below zero frequency as well as above frequency o at
feast 10 megacyddes. This instrament will find many uses in alignment
of the camera preamplifiers, video monitors, cables, ete.

RCA has available a combmation imstrument which will serve as a
video sweep generator and check the sidebands of the transmitter under
power. This is the RCA Sideband Response Analvzer, model BWU-5B.
It is a rack-mounted unit, but mav be carried from place to place when
needed.

Tube Checker

A tube checker is also a must, because vou cannot use the tube sub-
stitution method inasvstem: that may have thousands ol active tubes.
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A dynamic mutual conductance wbe tester (Fig. 11-6) is the only kind
recommended, the straight emission-type testers are too limited in use.
The dynamic type will test wibes under simulated operating conditions.
This method will give a truer indication of tube performance, but it
sull has its limitations, because tubes often behave differently when
they are amplitying 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 vou have wrouble in the
multiplier stages of the transmitter or frequency monitors. It should be
an instrument that will work cither on a hot or cold circuit. The scales
should be reasonably accurate, and, if vou can get it calibrated, so much
the better.

Watt Load and Wattmeter

A small 80- or IH0-watt load and wattmeter (Fig. F1-8) will find iself
in use quite often when work is being done on the tratsmiuer. With
such an instrument, vou can often determine quickly it a particular
stage is opevating 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
from the meter case. (Measurements Corp., a division of McGraw Edison)

Grating and Cross-lHatch Generators

A grating generator or cross-hatch generator is quite a usefud device.
Without it, it is almost impossible 1o get the cameras and monitors in
correct linearity. Many syne generators have a grating generator in-
corporated within them. These are also available as separate test in-
struments. The RCA T'G-2A syne generator contains a grating gen-
crator and supplies two differently sized dots for making convergence
adjusunents in color monitors.

Test Film

Test film is available for checking out the optical system as well as
the mechanical svstem of 16-nmm film projectors. One such filim has a
two-tone sound track, known as a buzz track. This permits adjustment
of the posiion of the sound svstem for correct alignment. Another
tone test film permits adjustment for best high frequency response.
There are other filins available that help check tor jitter, wobble, travel
ghosts, and system auwdio response. Some filims contain many such tests
on one him.
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Fig. 11-8. The Termaline R-F Load and Wattmeter, Model 6150 (150
watt model). (Bird Electronic Corp.)

Special Instruments for Special Applications
I

Receiver Sweep Generator

ATV receiver sweep generator will help keep off-air receivers in
good alignment if” you use an ofl=air pickup system. These receivers
are manufactured with much tghter olerances than home receivers.
When buying a generator tor this purpose, get the best available. Accu-
racy is very nnportant here.
Marker Generator

Marker generators, which are very stable, accurate, and crvstal con-
trolled, should be used in conjunction with the receiver sweep gen-
erator. Don’t skimp on cither of these instruments. An inaccurate in-
strument will only get vou into trouble that vou may not be able 1o cure.

Actually, off-air receivers are rugged and seldom need alignment,
unless there have been some major repairs., such as replacing the uner
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
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than o invest in the necessary test equipment. Even sending the re-
ceivers back occasionally for a checkout at the factory will prove less
expensive than the necessary equipment. However, it one has several
receivers in constant use, purchasing the equipment will prove to be the
tess costly method.

Linearity. Stair-Step Generator

A Hinearity, stair-step geonerator is an instrument for checking sys-
tem hincarity, especially i the video tramsmitter power stages. Poor
lncarity in o monochrome picture will not be too noticeable, but its
cffect will be worse on a color picture. Hvou transmit color, the lincarity
must be maintained within FCC specaifications.

A hinearity generator may be modified so that avideo sweep signal can
be fed into it This is an excellent method for checking ot video equip-
ment without disabling the clamp circuits,

Phase Analyzer

A phase analyzer is important for checking video system phase tol-
crances. Color is especially susceptible o phase changes and the svs-
tem phase must be kept within tolerances. A monochrome svstem can
stand farger 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 trequency response in the video svstem. Sweep generators are
not accurate below 100 ke, so the square wave generator fills this gap.
The squanre wave is also an excellent signal tor adjusting phase equal-
izers, which are required i a color converted station.

Audio Signal Generator

The audio signal generator is the same instrament found in any
radio station for making proof-ot-performance measurements and
troubleshooting and serves in the sime category i the auval part of a
television station. The Hewlet-Packard signal generator (Fig. 11-10)
also mcorporades calibrated pads within the instrument so that an ex-
ternal attenuator panel is unnecessary.

Distortion Analyzer

A distortion analvzer is the companion mstrament to the signal gen-
erator. [t measures the notse, distortion, and frequency response of the
audio system. The Hewlett-Packard model 330D, shown in Fig. 11-11,
also has a calibrated, audio vivin associated with it and calibrated in-
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Fig. 11-9. The Tektronix Square-Wave Generator, Txpe 105. (Tektronix,
Inc.)

Fig. 11-10.  Hewlett-Packard’s Audio Signal Generator, Model 206A.
(Hewlett-Packard)
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Fig. 11-11. Hewlett-Packard’s  Distortion  Analyzer, Model 330D.
(Hewlett-Packard)

Fig. 11-12. The Hickok Model 870 Dynamic Beta Transistor Checker.
(Hickok 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 equipmentand test instruments
are now being partly or completely transistorized. Depending upon how
many of these vou 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
lime. "These must be disabled and cireuit continuity restored before
measurements can be made. H a modified stair-step generator is avail-
able, sweep with syne can be fed divee tly into the amplifier without any
modifications of the clamps and the circuits will operate normally, (Since
most imstruction manuals desceribe how o sweep by disabling the clamp
circuits, it would be unnecessary repetition to add it herel) Most cases
of video alignment will not require stage-byv-stage checking as in a re-
ceiver. Simply feed the correct level of sweep and syne to the input and
read the output on a scope with the amplifier properly terminated. The
stages are then touched up 1o make the overall .lhgmncm correct. This
is tor simple problems. You may also check through the svstem with a
scope o make sure that no one stage is overpeaked to compensate tor a
poor alignment of another stage. Such a case can cause clipping.

A very fat pattern on the scope with an abrupt fall-off in a response
curve may look nice on the CRT, but unless there is a gradual roll-off
on the high end, the picture will have ringing, or outlining, or both.

Manv recommendations have been made 1o 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 cnvelope will be displayed with the
msides filled with r-f. A detector only lets vou see one side of the en-
velope, even though both are present in the system (Fig. 11-13). De-
pending upon polarity anvwhere in the system, one side may be over-
loading. 11 this is the side observed on a detected envelope, it mav in-
dicate a perfectly Hlat response, which just isn't correct. When both sides
are present on the display, it is very casy to see if clipping is taking place.
The only real reason tor a detector is to overcome the poor vertical re-
sponse of service-type scopes, since the detected envelope is only a 60-
cvele wavetorm.
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NO DETECTOR USED
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Fig. 11-13. 4 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-
bitizing wmplifier, the unit should be properly terminated so that levels
and adjustments will be correct. But when vou open the circuitand only
have a scope across it, the unit is unloaded and the readings will be in-
correct. This situation mayv be remedied with a V1™ coaxial connector
at the scope and a serew-tvpe termination (Fig. 11-1-40). "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 \@
VIDEO CABLE
—0
NOT TERM INATED
(A)
0SCILLOSCOPE
SQUARE WAVE _|
FLAT AND LEVEL
CORRECT 75 OHM
VIDEQ CABLE TERM INATION
(8) N coax T

Fig. 11-14.  (A4) 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 shoun the wave will appear and read as it should.
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3. An excellent scope cable for test purposes, especilly for meas-
uring right in the jack field, can be made from RG-59 coaxial cable. On
once end of this cable, mount a regular male coaxial cable connector.,
On the other end, use the plug trom a regular video patch cord (Fig.
H-15). Now you can plug directly into the jack ficld and will have a
termination available at the scope, if needed. Since you tore up a video
patch cord, you sill have one plug left over. Make up another one of
the cables described above. This can be used 1o feed such things as a
sweep generator directly into the jack field.

REGULAR PLUG FROM

RG-59 CABLE VIDEO PATCH
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 1o operate into a definite impedance. Wrong im-
pedances can show up as poor frequency response, especially on the
high end, and incorrect fevels. 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 F-watt, 600-0hm resistor inside the plug. This plug (Fig. 11-16) mayv
then be readilv used in the audio jack ficld when a termination is re-
quired for test purposes.

PLUG FROM AUDIO
/ PATCH CORD

@ < I

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.

It 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 atest termination is required, simply use a
patch cord from this set of jacks to the one vou want terminated. In
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both above instances, different vidues 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 vou have a Hewlett-Packard or similar noise-distortion analyzer
that uses banana phlugs 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 feads. Simply solder a 600-ohm resistor across
these terminals, You mav use any vidue 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 receptactes 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 cach other 1o keep
them {rom being scattered.

t:)_j \BANANA

PLUG

600 OHM __—
RESISTOR

Fig. 11-17.  An audio termination suitable for use on an instrument made
from a banana plug and a resistor.

5. The scope can be a very useful imstrument when making audio
measurements, once vou have become efficient in its use. When making
noise and distortion measurements, plug the scope into the scope ter-
minals of the distortion analvzer (Fig. 11-18). Most modern analvzers
use the null method when checking distortion: the fundamental s
nulled out and evervthing left over is read as distortion. This reading
may include harmonic distortion, 60- and 120-cvcle hum, mbe noise,
extrancous noise, ete., but there is no way of determining which.

The scope will show what is present immediatelv. A high hum level
will read as a high distortion on the analvzer, which it veally 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 s 120 cps from a
power supply, this can casily be checked unit by unit, with a shorting
plug on the mput of cach unit in turn. "The hum will disappear as soon
as the defective unit is passed. This method s also of great assistance
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DISTORTION ANALYZER 0SCiLLOSCOPE
Hi1GH DISTORTION

@//READING

o O (o]
? ?\ SCOPE ?
RMINA
EQ I;JME . e )
U NT
UNDER TEST SCOPE SHOWING

HIGH 60 CYCLE HUM
AS PART OF READING

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 mceasurements of waveforms, vou 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 ¢ do it, but
remember (o use the voltage formula for decibels: multiply 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. 1t may upset the
circuit or short out one-half of a transformer winding. When measuring
n 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
mput were plaiced 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 ransmitter with the scope, alwavs measure from
high side to ground, through a capacitor, i’ possible. Make it a rule.
If it s necessary 1o place the ground clip on a high voltage point 1o get
a waveform, do not do so: oy some other sater method. The volages
mvolved could injure you fatally.

The vivin can get vou into trouble in the transmitter in the same wav.,
Itis also an unbalanced input with the ground clip connected 1o the
mstrument cabinet and most vivin's have an uninsulated metal cabinet,
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SCOPE

—o
-~ —o
[ FRAME AT
B+ POTENTIAL
B+

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
af the oscilloscope at this potential.

Test Equipment Costs

Two groups of equipment are listed below. The hasic group should
be in cvery station and will assist in troubleshooting the dav-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 analvzer, The second group will help in keeping a check on the
audio svstem on a regular basis, as well as troubleshooting audio prob-
lems. Depending upon how much of” the equipment in the station is
transistorized, a transistor checker is highly recommended.

If the station will be transmitting color programs, there are several
other test instruments that are necessary to maintain the video system
within color specifications. Inall cases, mdividual stations will undoubt-.
edly add different test instrimnents 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 it there are a number
of complaints from viewers of poor signal strength i their arcas,
especially when there should be a good signal ac that point.

While certain makes and models of cquipmentare shown here, others
ol comparable quality may. of course, be used. Specitic models are histed
to show the particutar class of instrument that should be obtamed.
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Basic Group

Model 524AD, T'ektronix oscilloscope with Scope-Mobile ... $1.400.00
Model 1105, Fel-Instruments sweep generator ..o $ 770.00
Hickok model 800A, tube checker oo oo o L. $ 180.00
Simpson model 260, multimeter ... ... oo L $  149.00
Meceasurements Corp., model 59, megacycle meter

(griddipmeter) ..o oo oo o $ 168.00
Bird, model 612, 0-20, 0-80 watt load and wattmeter . . .. ... $ 175.00

Total $2,742.00
Group Two

Hewleut-Packard, model 206\ (w/cabinet) audio

signal generator ..o Lo oo $ 900.00
Hewlew-Packard, model 3301 (w/cabinet)

noise and distortion analyzer oo o000 L L L $ 575.00
Simpson, model 303, vivin (insulated casey . .. ... ... $  74.00
Hickok, model 870, transistor checker . . ... ... ... ... $ 138.00
Tektromix, model 105, square wave generator . ..., $ 435.00

Group Two Total  $2,122.00
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FCC Considerations

On Your Mark

As a broadcaster you will soon be familiar with the role of the Federal
Communications Commission in the affairs ot broadcast stations.
Anyone working in broadecasting who is responsible for the aflairs or the
technical operation of a station should be tamiliar with the FCC Rules
and Regulations. This includes such people as station owners, managers,
program directors, chiel 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,
itis a good policy 10 have more than one person keep up to date on
them. For example, the station manager or owner can keep close watch
on arcas with which they are immediately concerned, such as owner-
ship reports, financial statements, commercial time limits, promise vs.
performance, political broadeasts, and the like. The program director
could be concerned with such things as correct and legal station ident-
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 techmical opera-
tion and proof-ot-performance measurements and watch forchanges in
engineering standards and such things.

When different statl members “specialize™ in the arcas that corre-
spond to their particular activity, therve will be fewer chances of oper-
ating outside the Rules and getting a notice of violation and, perhaps, a
fine. The awthor does not wish to imply that you should disregard all
arcas 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

www americanradiohistorv com



www.americanradiohistory.com

258 PLANNING THE LOCAL UHF-TV STATION

At least one complete set of the FCC Rules and Regulations should be
available at the station, where all personnel can have access (o 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 Oflice, Washington 25,
D. C.ata nominal fee. These are printed in a volume series, on a sub-
scription basis. They will send vou all the rule changes that occur, so
that vour set mav l)c kept up-to-date. The volumes of most mlmcsl 1o
broadcasters will be Volumes I, 11, and 11, 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 eventa price rise is imminent on equipment. This may be advanta-
geous, especially it the application must go into a long hearing. Should
the application be denied for some reason, vou mav lose the retainer
deposited on the tentative equipment order, especially it a price rise had
taken place, or the length of time it was held was abnormal. When ar-
ranging these tentative orders with the manutacturer, be sure o find out
exactly what the terms of the arrangement mean (m(l what happensif
vou fail 1o get the CP granted. Complete understunding in the beginning
can prevent misunderstanding later and hard fteelings,

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 vour 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 unoflicial opmion casily from someone at the Com-
mission when they are in doubr.

One such rading says that construction may not begin betore a CP has
bheen granted. Interpretations of this rule have gone so tar as 1o mean
vou can’t turn the first shovel of dirt 1o build the building, the equip-
ment may not be moved into its operating position, nor may any wiring
be run 1o 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 1o impose hines 1o angment its
authority to revoke licenses or not grant a CP. A station can be penalized
$1000 a day for cach day an offense occurs with a limit of $10,000.
Should construction have been carried on before the CP has been grant-
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ed and the FCC discovers this, vou may not get the CPatall or you may
be fined up 10 $10,000, or the station license may be revoked if it has
already been issued. Tt is best o play it safe and proceed according o
the rules.

Should the decision be made to purchase and acceptdehivery of equip-
ment before the CP has been granted, tet it sit where it is. The erates
mav be opened and acheck made for damage, but don’t move the equip-
ment into its normat operating position and especially don’tboltit down
or begin wiring. Actually, this is a good period o 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 o the error.
One H-kw radio station built a new transimitter into a wall, boxed it in,
and dressed it up. As wiring proceeded, the Chief Engineer spent many
hours trving 1o find a main terminal board where all the external con-
trol circuits entered the ansmitter. He finally discovered that it was on
the other side ol a panel, which was loaded with the farge plate con-
tactors, relavs, and various control devices. To get to the panel, he was
supposed o take off the cabinet “skin™ from the other side. Much to his
dismay, he had built the ransmitter tght against an outside masonry
wall.

Owners will sometimes sttt putting pressure on the chief” engineer
to get started on construction. In most cases, these people are just not
faanitiir with the FCC rules in this regard.

A time Hmit is specified with cach CPLso it is well 1o oy and tinish
within this period. Circumstances bevond the control of the station will
sometimes prevent thise In these cases, the FCC will extend the time
limit, providing vou apply for an extension. 'The basic purpose of the
time Hmit is to 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 1o wait for the actual instrument of authorization, for the FCC
will usually notify the station by telegram that the CP has been granted.
The authorization will come along later i the maib,

A CP looks hike a hicense 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 focation, (requency and channel, power, anienna
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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 specities 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, but can be run at 19,5
kw. Unless you apply for a moditication of the CP 1o the FGC and get
their approval, you cannot substitute the other transmitter.

While the tower is being erected, the permanent lighting will not be
mstallect. After construction has reached a height of 150 10 170 feet, de-
pending upon vour location, you must mount a temporary red light on
the highest point and it must be kept lighted after sunset until sunrise.
Make sure 1o notity the Federal Aviation Authority (FAA) as soon as the
erectors begin placing steel on the piers and the tower is starting to be
built. "This will put them on notice that a new structure will be appearing
in the air and that air vaflic must now avoid it. Keep them posted of
your progress, including the heights attained each dayv 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.

ING THE LOCAL UHF-TV STATION

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 thights, will probably not have an FAA
center. In this case, the local airport can tell vou where it is located. The
reports on tower light outages must be made directly o the FAA center,
wherever it happens to be. ‘These reports should be made by telephone,
not in a leter.

Construction may commence and proceed at whatever pace the cir-
cumstances will permit. When vou 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
correctly or hecause 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 vour area,
depending upon the strength of the radiations. These emissions may be
mterfering with FM sets, TV receivers on both ubf and vhi, and in-
dustrial two-way radio services. Defective shielding or traps mav allow
radiation that is harmful to these services. After the transmitter has been
fired up for ihe first time, cheek throughout nearby arcas to determine
whether any interference is showing up.
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The experimental perviod for AM radio is specified in the rules as 12
midnight to local sunvise: for FAM the period is I aM until 6 am: nothing
is specified for television. The safest method, from an interference
standpoint, will be 1o use the 1 am 1o 6 am period for the first applica-
tion of power to the antenma. This is especially true if there is another
TV station in vour city that is programming in the cvening 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 vour station to their viewers, especially since
vou hope they will change 1o viewing vour signals after programming
is started,

Before signal is applied to the antenna, you must notity both the FCC
in Washington, D.C., and the Radio Inspector in charge of vour district.
Simply send a telegram o cach of them, stating the date you expect to
begin equipment tests. Do this well in advance of the date you expect 1o
start tests. 1 the FCC doesn't want vou to puta signal on the air for some
reason, they will notify you by telegram. Equipment test authority is
automatically granted when the CP s granted, so no new request is
necessary.

There is another rule which is not cearly delined, but upon which
most inspectors agree: the operator must be able to observe the trans-
mitter meters. It is questioned whether this means that he must also be
able to read them. 1t is safest to assume he should. Arrange the console
and transmitter so that the operator can observe the meters trom his
operating position at the console and is close enough 1o observe if the
readings are deviating oo far out of tolerance. He does not necessarily
have to be able, trom this position, 1o determine just exactly how much
they are deviating. The power reflectometers, trequency deviation
meters, and modulation meters can be remoted to the console position
it necessary for good installation circamstances. By doing this, vou will
remove any question the inspector may have and avoid later eitations.

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 1o the antenna, the operator’s
license should also be posted with the CP.

Get Set

A proof-of-performance is requived 1o show that the new station is
performing according o the specifications of the CP and that it will
operate according 1o the FCC's Rules of Good Engineering Practice.

Few small stations will have all the necessary test equipment to make
all the required measurements tfor 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 vou. Of course. there is a fee for this
service,

The proof must be completed and its date specitied in the applica-
tion for station license. Most of the questions in the application form are
self-explanatory, but vour 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 1o be returned without action. This will cause unneces-
sary delavs before programming is begun.

Once the application for license has been filed with the FCCL vou may
apply for program test authority, This authority is not automatically
meluded in the CPas is the ecquipment test anthority. The request must
be made to the FCC at least 10 days before vou plan to start program-
ming and vou must wait until this authority has been granted before vou
may start. Even though a big gala opening is planned, with the Mavor
cutting a ribbon and all the rimmings, unless the telegram is received
which savs you can go ahead, yvou just can’t go on,

At the same time the request is made 1o Washington for program test
authority, vou must also notify the inspector in charge of vour 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 fater date. In either case, this will not interfere with the
programming going ahcad as planned, unless his inspection tetls him
the station is not ready (o go on.

Program test authority is just that. Tt is not a license, although vou can
program after itis granted and sell commercial time. The FCC reserves
the right o withdraw the test authority if they have good reason, al-
though this hasn't heen 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 GP: it does not have to
be extended during this time.

Go

Now vou are in the category of an operating television station and
many dd\ 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 manuenance log.
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No spectal form is required as tong as the necessary information, in
legible, permanent form, is given. Logs may be typed. hand-written in
ink, preprinted, or on special antomatic logging devices. Signatures must
alwivs be in ink: never use pencil or something that can be casily erased.
I 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 tog during his watch. These must be full tegal signa-
tures, not just nicknames or initials. For example, a full signature would
be James A Doce, or Jo AL Doe, not Jo.\ DL or Jim Doe,

Any corrections to the log must be mitaled 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 itso that it can
stll be read. When preprinted logs are in use, trouble often develops.
Betore itis used, 1t is a run sheet, but as the times and program changes
are made to conform with what actually went on the air, this becomes the
program log. Manv times, trathc people will not be famitiar 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 notinitial the enory.
The operator on duty must be caretul to see that these changes are made
and logged correctly.

The transniitter log should have all the required readings of both
visual and aural transmitters on a single sheet. I they are kept on
separate sheets, i might be confusing.

All readings of both transmitters, plus frequency monitors, must be
logged as they arve. They should not be togged after corrections for loss
of power, line voltage changes, or other reasons which have caused the
transmitter to be acting abnormallv. 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 reatly meaningless,
since it doesn’t indicate the true behavior of the transmitter, which is the
purpose of the log.

The maintenance log is a new feature, recently required by the FCC.
It had its origin i the granting of permission to use automatic logging
devices. Automatic logging takes many forms, such as roll charts which
are marked by an electronically driven marker, or printing devices. With
such togs there is no place to add all the addinonal 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 i 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 Engineer
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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 o 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
specily only two vears, but the license renewal application will require
information that will go back through the full three-year license period.
Station Identification

While there are many points spelled out in the Rules concerning log
keeping, there are too many to try and cover in this chapter. The author
would like to point out one area —station identification, The television
rules are somewhat ditferent 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 suttable 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
moring or its regular time and at sign off at the end of the broadcast
day. There should be a slide that gives the tull information, plus an
announcement on the sond 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 tvansmitters. 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. Anvone may operate the other equipment, but the
licensed man must be in charge of the transmiter and the vansmitter
and maintenance logs. He must be working in the transmitter room all
the ime, not somewhere else, such as the studio on camera during a live
program. The operator in a one-man control room should have a first-
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. If you are also operating a radio station and the
licensed men work at both places, a photostatic copy of 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 transmitier room, not kept in a file.

Tower Lighting

At sunset cach day, a visual inspection must be made of the tower
lights after they come on. You should not wait too long after this time 10
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make an inspection because it may be torgotten and the Jights may be
out. Some tvpe 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 mspection be-
cause it may show that the ights are on when a bulb may be burned out.
It is for vour own benefit as well as public safety o have the 1ower
lighted properh. A talb tower is especially danerous 1o aireraft. Should
a plane hit the tower, lives will be tost, much damage will occur, and
vou will probably be off the air for along time while repairs are heing
made. Such damage could entail the purchase of a new tower, antenna,
and transmission line.

When the ights are inspected and a beacon or narker hightis out, the
FAA must he notified within one half hour. The lights must be restored
to normal within 48 hours, unless there are circianstances that prevent
this. The FAA should be notified of such dithculiv. Remember to report
to the FAA when the lights are hack in normal operation, also. All this
intormation should be noted on the maintenance log by the person
making the report and signed by him,

Every three months it is requived that vou make an inspection ot all
the tower lighting equipment. This inspection will include a check of the
photocell, refavs and their contacts, plus anvthing else that may be
associited with the tower highting equipment. This inspectiion is a pre-
ventative maintenance measure o ensure that the ower lighting will
continue 1o operate with tew outages. "This inspection should be noted
on the maintenance log. Remembering to do this every three months
can become something of a problem. Seuwting up a schedule to do this
once a month will be more helpful in that vou wilt he fess apt o forget it
It vou fail to make these inspections, vou will receive a citation from the
FCGC the next time the inspector is around.

Frequeney Checking

Getting the transmitter frequeney checked once a month by an out-
side source can sometimes be a problem, especially il there is no com-
mercial frequency incasuring company within range of your signals. In
some cases, these people will send someone with portable equipment 1o
the station to make the frequency measurements. I vouw can’t find some-
one who will do this in vour arca, then vou will need some method of
making the measurements vourself. Secure a frequency meter of good
accuracy that can be cidibrated against WWV the Bureau of Standard’s
station in Washington, D.C. You may not be able to find i@ meter that
will go as high as vour carvier 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 o 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 factor of the multiplier stage must be
taken into consideration when vou compute the final measurement,

Every 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 tme, such as three-month
itervals, 1o s o the stadon'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-
urcements are hled at the station and are available for the mspector when
he makes an inspection ol the station. One set of measurements must be
made in the Tour-month period preceding the application Tor license
renewal. Remember that the date lor filing the application is 90 davs
helore the heense expires, so the four-month period should precede
this 90 dav period.

Tower Inspection

An inspection of the tower is required once a vear. There are nany
tower service companies who do this tvpe of work., A chimber will go up
the tower and inspect it for defects, weaknesses, and paint chipping.
He will change light bulbs, and, it vou request it, check the plumb of
the tower with a transit, tighten the guys, and straighten the tower ifit is
necessarye A written veport will be given to the station at the end of this
inspection. File this report and note the inspection on the maintenance
log.

License Reneiwcal

A Hicense is not permanent, but is issued on a three-vear basis and must
be renewed at the end of this period. T is not an automatic renewal; a
renewal application must be filed. These renewal periods are staggered
so thae all stations in the country 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 revewal must bhe Sled with the FCC in Washington 90
days before the license expires.

Preparing the license renewal application can be a lot ol work, espe-
cially if vou wait unal the st minute 1o begin its preparaton. There will
be all tvpes of questions asked whose answers should give the FCC
enough information 1o render a judgment on how well the station is
operating, technically and legally, and whether or not it is providing the
service (o its community that was promised in the original application
for a hcense.
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At any time during the license period, if” the 1FCC receives com-
plaints, or the Field Monitoring division inspectors find the station to he
operating out of technical wlerance, or transmitting illegal programs
and the tike, the license can be put in jeopardy. 11 the station is found
guilty of such actions, depending upon how serious the offense is, the
station mav be fimed or its license may he revohed, When astation toses
its Heense, it cannot sell out to another party, because there is nothing
1o sell, onbv such phvsical assets as equipment and buildings. Another
operator cannot buy this equipmentand put the station back on the air.
He would have to present a formal application 1o the FCCL as would
anvone clse who wishes to put a new station on the air.

In all such cases of infractions of the Rules during the ticense period,
the FCC must prove that the station is operating in such a manner as o

justifv aking such harsh measures. On the other hand, at Heense 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, slowh and caretulty, 1t is well 1o keep up o date
records on e running basis for such things as the program log analysis,
political files, and other such arcas which would require considerabte
lite-scarching and rescarch when the renewal application is made out,
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Things You Can Build for the Studio

You do not need expensive tools, equipment. or materials to build
niapy 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 imdustry have become accepted practices, it
doesn’t mean they are suited for the occasion vou have in mind. Do your
own experimenting and use the industry practices only when they suit
vou: otherwise, discard them.

The examples given here are just that —examples. Consider them an
indication of the sort of money-saving materials vou can produce your-
selt
Strip Lights (Fig. A-1)

Wiremold raceway comes in 1Y and 207 strips, with cover. The sockets
are separate items vou can buy: they snap rightinto the base of the wire-
mold. The cover strip can be cut to fill in the gaps between the lights.

SWIVILER
FLEX1BLE
SOCKET

Fig. A-1.  Homemade wire-mold  strip lights. (WLBC-TV, Munaw,
Indiana)

269
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The sockets swivel and can be wirned in any dircction: they ke a
Par-38 or R-40 Lamp.

Usce regular pipe strap, bolted 1o the base of the wiremold ar cach
end. Place large hooks in the studio ceiling or hook the strip light onto
pipes to hang it in place.

Par-38 or R-10 lambs come in both spot or flood stvles. The wattage
ratings obtainable are 100 w, 150 w, and 300 w. Use any combimation
vou wish for the desired results.

Parts required:

#3000B wircmold raceway (with cover). 1T0-foot length .o o000 S 442
10 #730 sockets (Swivilier Corp) ... (@$2.75) . . . . . . . . 82750
$31.92

Parts can be bought a any local electrical supply house.

REGULAR FIXTURE
PIPE CLAMP

REGULAR HEAVY DUTY
WATER PROOF OUTDOOR
LIGHT SOCKET

Vig. A2 A small, homemade \potlight. (WI.BC-T1", Muncie, Indiana)
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Small Spotlight (Iig. A-2)

This is an inexpensive, small spotlight. “The fixture is the regular
outdoor tvpe, which is more rugged than the indoor wvpe. It can be
tilted up or down and will take a Par-38 or R-40 famp. Attach this
fixture to a regular lighting fixture, pipe clamp, which is obtainable at a
stage-lighting company supply house. The fixtare 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, Kilkork Co.outdoor spothight oo oo $ 20

“CUdamp tor 2iinch pipe coo oo g

S
1<
~]
[ &1

P1PE CLAMP
-l REMOVED FROM
FIXTURE

\5/8" STEEL ROD
ADDED TO GET
DESIRED HE IGHT
OF FIXTURE

REGULAR
2 LAMP
FIXTURE

Fig. \-3. A Light hanger.

Light Hanger (Fig. A-3)

This is stmply a device for hanging one of the regular studio fixtures.
cither a spot or scoop. without additional expensive hangers, such as a
pantograph. The small stub that holds the pipe clamp o the fixture is
replaced by a length of pipe long enough o place the tight where vou
want it and still have it clamped to the overhead pipes. The longer pipe
is simply a 3 -inch steet rod. which may be purchased atalocal machine
shop.
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" 6" == T
A
LARGE 1
STEEL
CLIPBOARD >
LIPS ;
¢ s IS o) ™~ cAMERA
Qo0 28" CCAURED
O
BOLT WITH CAMERA
WINGNUT FRONT
VIEW
SIDE VIEW
OF ANGLE
(B)

Fig. A-4. (A) A cue card holder. (B) Mounted on the camerq.

Cue Card Holder (Fig. A-1)

This an inexpensive prompter unit. ‘The dimensions shown are tor
the image orthicon camera. For use on a vidicon camera, some adjust-
ments would be required.

Make the crossarm out of 14 - X 14 -inch hardwood. The angle
bracket is made of Y-inch steel, bent at a Y0-degree angle. T'wo holts
are all that are required to mount it to the camera. Mount the bolts so
they projectabove the camera case and are rigid Gitached o the camera).
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All you need are two wingnuts to hold the cue card holder to the camera,
Two bolts will hold the crossarm. [t vou have no machine to bend the
steel, have a machine shop bend it for vou.

Bolt farge clipboard clips on cach side of the crossarm. This will then
hold a card on both sides of the camera. The cards are 227 X 28" “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.,
5 THREADED AND
314" P1PE Tk N | o(\/ FIT 3/4"” PIPE
i___Bn_,_ ~
P1PE FLANGE
MICROPHONE
HOLE IN
'./TABLE ToP
R

L
//

TABLE TOP
PIPE

STUB

P1PE

Fig. A-b. A desk holder for a stationary microphone.

Microphone Desk Holder (Fig. A-5)

Here is a very simple item that will cost practically nothing. Use a
% -inch pipe nipple and a threaded pipe flange. Cata hole in the top of
the desk. big enough for the pipe nipple to go through casily. 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 T T
7" FRONT 752 l
| ] | 11/2"
L—lf‘"—'l I——vls"——--
CHANGEABLE SIGN SIDE VIEW
FOR FRONT
~~——__ STRAPS TO HANG
NEWS e |r ON STAND

Fig. A-6. A copy holder and sign.
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Copy and Sign Holder (Fig. A-6)

This copy holder is quite helpful both o the announcer behind the
desk and 1o overall scene appearance. 1o will hold the copy at an angle
for casier 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 @ magnetic
latch, embedded in the front of the holder that will fasten 1o 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.

o

3 RING BINDER

"N—r—

Fig. A-7. A flipbourd.

Flipboard (Fig. \-7)

Another example of an inexpensive, simple device made from seraps.
The board may be made from cither masonite or plywood. The snap
rings are from an old, Large ring binder.

The whole thing is small enough 1o set on a desk alongside the an-
nouncer, When he wishes 1o go 1o tlip charts, the camera can pan to the
thip chart, with the announcer reading the copy and tipping cards as
needed, out of camera range.

APPENDIX B

Modifying the TC-14 Switeher

Even though the TC-1A switcher is no longer available, it is possible
that vour mstallation is already equipped with one or vou mav buy one
on the used equipment market. If so, there are many modifications that
can be made that will increase its usefulness Many umes over, convert-
INg it 10 a semi-automatic operation.
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Manv of these modilications are applicable o other switchers, The
basic ingredient is a relay system. Audio consoles that use manual
switching, suclu as the BC-5B. do not allow too much modification,
unless vou want to change all the manual switches to refays.

The following points should be considered when modifving switchers:

1. Tally light voltages are available onall video switchers. These may
be 6.3 volts a-c, +280 volts d-¢, or both.

2. Many fap-dissolve taders have Himit switches attached 1o them,
These often have spare contacts available.

3. Be careful not to mix voltages (e.g.. a 6.3 volta-c tally light vohage
with +24 volt d=¢ relay voltages). When such a condition exists, it will
be necessary o add additional refays for “voltage conversion.”

1. Be caretul not to overload the power supplies with too many
additional refays.

ADD
4 NEW
PREAMPLIFIERS
K2
N 5 K4
172 3
N K5
- N~ 3 K6
-~ - K8 >
1> 3 .
[ 8 6 5 4 2J111
TO NORMAL
SWITCHES
k8 RKs RBKS K& RK2
A . N . A =—ADD 5 NEW RELAYS
-24v pC

DISCONNECT OLD
WIRES FROM
BOTH TERM.

v (v ot [t 21 AND 23 TERMINAL CONTROL ROOM
| | | | | 21 MUTING RELAY
T_I_ T_n_ TJ_ TJ_ T_l_ o—=olL
STUDIO MUTING

TERMINAL RELAY COIL
+24vDC 23

Fig. B-1.  TC-44 modifications to add new microphone channels and to
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)

Ovdinarily, the TC-4A will handle two microphones at a time, because
they appear on opposite sides of the same kev (#3). Four microphones
may be used at one time by using TUL, 112, G R, 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 for cach
microphone. The preamplifier outputs should be strapped for 150
obms, unbalinced, 1o 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 1o be made.

Adda wire from cach of the following pins of [11 (pins 2, 4, 5, 6, and
8). Run the wire from ecach pin number 1w a new relay for cach cireuit.
The common side of the new relay coil will go 10 =24 volts d-c. Dis-
connect the wire that normally goes to terminal 21 on the audio block,
which normally connects to relav K6, Also, disconnect the wire that
goes o terminal 23 on the andio block, which normally goes to relay K3.

Wire contacts of the new relavs in parallel. One side of this wiring
will run 1o terminal 23 on the audio block, which is the studio nmuting
relays the other side of the wiring will to 1o +24 volts d-c.

The new relavs 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 keyvs will now mute the speaker in
the studio and trn on the “on Air™ light. As the control room with its
transmitter and projectors will be oo noisy 1o use a microphone, the
control room speaker muting is not used.

2, Adding Microphone Presets (Iig. B-2)

Any microphone (or all of them). tape machine, trntable, 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 is operated in a position
that permits the video fader 1o be faded up. When using this method,
the regular console switch will not have 1o be operated cach time vou
wish o turn on a microphone. This modification is an extension of the
previous one.

For cach microphone that is 1o 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 1o make a common side. The other side of cach switch will go
to the particular control circuit that was extended. The common side of
the switches will wire to the switeh located on the video tader of the
lap-dissolve unit. 1f the lap-dissolve unit does not have plain switch
circuits, but carries tally light voltage, vou will need to substitute addi-
tional relays at this point, having coils of the tally light voltage rating:
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ALTERNAT IVE
| METHOD
m [ 2 ] | l
RELAY'S |
ADDED IN $ K 2A K2A
MOD. NO. 1 10 0
KaA ETC. | KAAETC.
r _(L_ I I D A
TOGGLE | Lol I |
SWITCH | / P |
PRE-SFTS | P | |
L_—d L_j-d
AUXILIARY | )
SWITCH | | |
ON VIDEO | }
FADER
L |
| 70 6.3V AC TALLY LIGHT OF STUDIO
CAMERA CIRCUIT OF SWITCHER
+240C | (AFTER FADER SWITCH)

Fig. B-2.  TC-4A modipeations to add presets. The alternate method
indicates changes possible when tally light voltage is present on the video
Jader contacts.

otherwise, the two different voltages will mix and blow fuses. H you
cannot pick up tally light voltage at the faders, it can be picked up on
the tally hights 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
stides, so the film chain is the logical place o tie in. Tie the control lead
to K3, which is the audio relay for remote position, if this is the position
vou will use. The connecting pointis pin 3 of JI1

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 1o a relay mounted in the
tape machine, across its start circuit. When the audio circuit is activated
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| ON VIDEO

_‘ FADER

K3 IN TC4-A TAPE
MACH INE
START
I I SWITCH
24V DC ©
-+~ NEW RELAY
[ B ADDED TO
| | PRE-SET o TAPE MACHINE
| | TOGGLE SWITCH r 1
L] }
- | NON-LOCKING
Ir n AUXILIARY | SWITCH ADDED
|
L

|
|
|
1 |
{ | swirck L _J_ _ | TOCONSOLE

+ 24y DC

Vig. B-3. TC-4A modifications to add remote start to a conventional audio
tape machine.

in the console, the tape machine will also run, (Cartridge tape machines
use aomomentary contact switching action for starting. ‘I'lie control
cireaits in the TC-4A are on all the tme 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. T'his arrangement witl permit
the operator 1o run up the tape machine unal it is properhy cued up
without activating the audio circuits in the 1TC-4\.,
5. Turntable Remote Start

A turntable can be started in the same wav as i tape machine. Extend
the "TC-EN relay control circuit for the position desired 1o operate a
refay mounted across the stot circuit of the tirmtable. When the audio
circait is activated in the 'TC-4A, the turntable will ran.

6. Off-Air Audio Circuits (Fig. B-1)

I you have two ofl=air pickups, the network may be brought o the
network and remote video buttons of the switcher. 11t is desired (o nse
onlv one fader for the audio, a relay can be used to do this, Use a dpdi
relay with a 6.3 volt a-¢ coil. Connect this coil to the tallv hght 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 1o ground. Wire the
contacts so that the number 1 receiver audio feeds straight through o
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RECE IVER RECE IVER
NO. 1 NO. 2
AUD10 AUD10
OUTPUT OUTPUT
» 'lJ‘ T0 NETWORK
| POSITION AUDIO
———— | INPUT
4
! ADD NEW
6.3V AC /RELAY
TALLY LIGHT
VOLTAGE
11 2 ]

TERMINAL BOARD
P-10B

Fig. B-4.  TC-4A modifications to operate twa off-air receivers’ audio into
ane switch position of the console.

NEW GAIN NEW
CONTROL AMPLIFIER

NET '—T_.r——‘
REMOTE '—Lrb

PROGR AM

FROM
MODULATION
MONITOR

LI

(oLD

'——T—.T—o
TT CUE O—T—‘T—o
PRO)J. ’—LT—*'

174 D—l>—oTOSPEAKERs
A

ERM,
11-12

=g
Ex
E v
]
=4
<
o
—
37 | a—
% i y TO SPEAKERS
31-32 9-10
REGULAR REGULAR
GAIN MONITOR
CONTROL AMPLIFIER

Fig. B-5.  TC-4A modifications to_separate regular air monitoring so that
it is in operation at all times. Addition of fader and amplifier so that all
cue positions may be monitored without hothering the regular speaker system.
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the network audio circuit in its relaxed position. When the number 2
receiver is 1o be used, the remote video button tally light voltage will
operate this new relay, feeding the audio from this source into the same
place as the first receiver.

7. Monitoring (Fig. B-5)

[t may be desirable to separate cueing cirenits from the regukar trans-
mitter andio monitoring. This would be helpful when it is NCCESSUry 1o
preview something which mayv take some tme when it is not desirable
to have the ransmitter monitor ofl for a long period. Also, yvou may not
wish this cucing to be fed on the line 1o the lobbv.

Disconnect wires from terminals 31-32 which conneet 1o the “Uums-
mitter™ pushbutton. Disconnect wires from terminals 11212, which 2o
to the turntable pushbutton. Disconnect regular monitor gain control
from monitor bus.

Connect regular monitor gain control directy 1o terminals $1-32 on
audio block, which will be the air monitor, now nonswitchable. This
will provide the studio, lobbv, and control room with on-air material
and allow cucing on another monitoring svsten,

Add a new gain control and connect it to the monitor bus. This gain
control should be hridging. Add a 4700-ohm resistor to cach side it it is

K2 NORMAL TURNTABLE ,_ - 1 TO MONITOR

CUE POSITIONS ALREADY
VWIRED | ! : AMPLIFIER

K4 | I
(N

e

| | K5
L o0— N TIE NEW POSITIONS "7 CUE" MONITOR
- — 70 K2, K4 BUS BUTTON

=
| [ Ké

LT
[P S

I I ke
L
TOP CONTACTS
(CUE POSITION)
OF K5, K6, K&

Fig. B-6. TC-+44 modifications to pick up cue terminals of relays so that
added microphones may be checked out on the cue swstem without getting
them on the air.
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not bridging. Connect output of the new gain control to terminals H-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 trving them on the air, which is poor
practice. Two of these circuits will already be wired in to Cue, since they
were originally turntable positions.

On relavs K5, K6, K8, in the TC-4A, pick up the unused cue contact
on the relay itself and to 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. | NO. 2
RECE [VER RECE IVER
AUDIO AUD1O
ouTeUT ouTPUT
MONITOR BUTTONS
- r— =77 10
r N | MONITOR
| | | | AMPLIFIER
[ ) l
nepanen BRIl
RELAY ADDED L ]
IN MOD IF ICAT ION B = o iR
NG, OLD TRANSMITTE
: NET POSITION POSITION

Fig. B-7.  TC-4A modifications to wire monitor buttons and both recevers
so that they may hoth be checked out if one is on the air.

9. Off-Air Receiver Audio Monitoring (Fig. B-7)

1t moditication 6 has been installed. there will be no way of checking
the audio of the receiver that is not being broadeast. "This situation may
be remedied.

Disconnect the cue line from network monitoring: position on Ki,
which goes 1o Cue button. Wire the network cue button e hirst receiver
audio before receiver switching relav that has been added. Wirve the
sccond receiver audio, before this relav, to the former vansmitter cue
buton, which is now spare. This arrangement will allow both receivers
to be monitored separately, using only one audio circuit in the switcher.
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Chan. Frequency

No. 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
170-476
476-482
182-488
188-494
494-500
500-506
506-512
512-518
518-524
524-530
530-536
536-542
542-548
518-554
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
635-644

Video

Carrier

55.25

61.25

67.25

7725

83.25
175.25
181.25
187.25
193.25
199.25
205.25
21125
171.25
47725
183.25
189.25
195.25
501.25
507.25
513.25
519.25
525 25
531.25
537.25
543.25
54925
535.25
561.25
567 .25
57325
57925
5R5.25
59125
397.25
603.25
609.25
615.25
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 15
81.75 46
87.75 47
179.75 48
185.75 19
191.75 50
197.75 51
203.75 52
209.75 53
215.75 34
475.75 55
481.75 56
487.75 57
493.75 58
499 75 59
505.75 60
511.75 61
317.75 62
523.75 63
529.75 64
535.75 65
541.75 66
547.75 67
533.75 68
559.75 69
565.75 70
57175 71
577.75 72
HR83.75 73
589.75 Tt
595.75 5
601.75 76
607.75 w7
613.75 78
619.75 79
625.75 80
631.75 81
637.75 32
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
710-746
746-752
752-758
758-764
764-770
770-776
776-782
782-788
7TR8-794
794-800
X00-806
R06-812
812-518
S18-821
821-830
830-836
R36-842
X42-848
R4X-8H4
834-860
R60-866
N66-872
R72-878
RUN-RRA
R84-890
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645.25
651.25
657.25
663.25
669 25
675.25
681.25
687.25
693.25
699 .25
705.25
71125
71725
72325
72925
73525
74125
71725
753.25
759.25
765.25
w125
7725
783.25
789.25
79525
801.25
807.25
§13.25
81925
825.25
831.25
837.25
813.25
84925
855.25
861.25
867.25
R73.25
879.25
885.25

Audio
Carrier
649.75
655.75
661.75
667.75
673.75
679.75
685.75
691.75
697.75
703.75
709.75
715.75
721.75
727.75
733.75
739.95
745.75
751.75
757.75
763.75
769.75
775.75
781.75
787.75
793.75
799.75
805.75
811.75
817.75
823.75
829.75
835.75
841.75
847.75
853.75
859.75
865.75
87175
877.75
883.75
889.75
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APPENDIX D

Equipment Suppliers and Manufacturers

(A more complete listing of suppliersand manuofacturerscan be found

in the proper section ol Broadeasting Yearbook.)

Alford Manufacuaring Co.
299 Atantic Ave.
Boston 10, Mass.

Andrew Corp.
I, O. Box 807
Chicago 12, 1.

Automatic Tape Conurol, Inc.
1107 East Croxton
Bloomington, 1l

Behrend Cine Corp.
161 E. Grand Ave.
Chicago 11, 1L

Berndi-Bach, Inc,
6900 Romaime St.
Hollvwood 38, Calit.

Bird Flecoronie Corp.
30303 Auroria Rd.
Cleveland 39, Ohio

CBS Laboratories
2927 High Ridge Rd.
Stamtord, Connecticut

Century Lighting, Inc.
521 W 43rd Su

New York 360 NU Y.
Conrac Division
Giannini Controls Corp.
19917 1. Foothill Blvd.
Glendora, Cahif.

283

(Antennas)

(Complete line of trans-
mission  lines,  wave-
guide, microwave an-
tennas)

(Audio cartridge  tape
cquipment)

(Film  handling  equip-
ment)

(Sound on film cameras)

(Load and watuneters)

(AGC amplifiers and
specialized audio)

(Studio lighting equip-
ment)

(Off-air receivers, video
monitors)
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Dresser-ldeco Co. (Towers)
887 Michigan Ave.
Columbus 15, Ohio

Eastman Kodak Co. (Film projectors, proc-
343 State St CSSOTS,  cameras,  etc.)
Rochester 4, N Y.

Federal Mfg. & Engineering Corp. (Modified  sound on
1055 Stewart Ave. film cameras)
Garden City, N. Y,

Gates Radio Co. (Complete line of studio
123 Hampshire St. and transmitting equip-
Quincey, 111 ment for radio stations)
General Electrie Co. (Complete line of audio,
Technical Products Dept. video, transmitting, mi-
212 W. Division St. crowave, etc.)

Svracuse 3, N. Y.

Hewlett-Packard Co. (Station monitor, noise-
1501 Page Mill Rd. distortion  mecasure-
Palo Alto, Calif. ments,  audio  gen-

erator)

Hollywood Film Co. (Film  handling equip-
956 N. Seward St ment)
Hollywood 38, Calif.

Houston Fearless Corp. (Camera pedestals,
Westwood Div, cradles)

L1801 W. Olvimpic Blvd.

Los Angceles 64, Calif.

Kliegl Bros. Lighting (Studio lighting cquip-
32-32 48th Ave. ment)
Long Istand City, N. Y,

Milsco Manufacturing Co. (Iilm processors)
2758 N. 33rd St.
Milwaukee 45, Wisc,

Miratel Electronics Ine, (Video monitors)

3600 Richardson St.
New Brighton 12, Minu,
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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, |

Radio Corp. of America

Broadcast & Communications Prod. Div.
Front & Cooper Sts.

Camden 2, N ]

Raytheon Co.
1415 Providence Turnpike
Norwood, Mass.

Rohn Manufacturing Co.
P. O. Box 2000
Peoria, HI.

Sarkes Tarzian, Inc.
Broadcast Equipment Div.
E. Hillside Drive
Bloomington, Indiana

Spindler & Sauppe
2901 Beverly Blvd.
Los Angeles 37, Calil,

Stainless, Inc.
Third St. at Montgomery Ave,
North Wales, Pa.

Tektronix, Ine.
P. O). Box 500
Beaverton, Oregon

Visual Electronices, Inc,
356 West -10th St
New York 18, N Y.

285

(Precision  mstruments,
grid dip meters)

(Fihm  handling equip-
ment)

(Plastic film reels and
reel paks)

(Complete line of audio,
video, transmitting, mi-
crowave, fitm, ete))

(Microwave equipment)

(Microwave towers)

(Complete line of studio
cquipment, microwave
cquipment)

(Slide projection equip-
ment)

(Television towers)

(High quality  oscillo-
scopes, test equipment)

(Complete line of tele-
vision cquip-
ment)

station
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Tower Erectors and Service Companies

Airway Steel Erectors, Ine,
735 N. Oukland Ave.
Grithieh, Indiana

John F. Beasley Construction Co.

P. O. Box 1624
Muskogee, Okla.

Dresser-ldeco Co.

875 Michigan Ave.

Columbus, Ohio

Kentuckiana Tower Serviee, Ine.
P. O. Box 96

English, Indiana

Mid-South

General Contractors, Ine.
P. O. Box 2503
West Jackson Station
Jackson, Miss,

RCA Service Co.

Cherry Hill, Delaware Township

Camden 8, N, .

Tower Builders Co. Inc.
P. O. Box 356

‘Angola, Indiana

Tower Specialties Co.
600 S, Summit Ave.
Villa Park, 1.

Tower Maintenance of Hinois, Inc.

RRAT. Broadway

Alon, 1.

Tower Maintenance Co., Inc.
P. O). Box 246

Glen Burne, Marvland

Most 1ower manufacturers usually erect their own towers or have 2

subcontractor who will do the work. Tower service companies are lo-

cated rthroughout the country. Your broadeast cquipment salesman can

usually recommend a COMpPINY in vour arca.

Trade Magasines

Broadcasting
Broadcasting Publications, Ine.
1735 DeSales St., N.W.
Washington, D. (..

Television Age
Television Editorial Corp.
Publication Othee
Garden Civ, N Y,

Broadcast E ngineering
T'echnical Publications, Inc.
4300 W. 62nd St.
Indianapolis 6, Indiana

(Weekly: a general news
coverage with other items
of interest to broadceasters)

(Weekly: special coverage
of programming, wrends,
and  business aspects of
television broadcasting)

(Monthly: devoted to the
technical aspects of broad-
casting)
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Broadcasting Yearbook
Published by Broadeasting Magazine (Yearly: complete fact and
dataa book on markets, sta-
tions, and  personnel,
cquipment manutactur-
ers, ¢e1e,)

APPENDIX E
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in this book and serve as engineering reference texts and guides to

cquipment use.
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INDEX

SAUFL (antenna height above average

terrain), 21, 26

Access roads, 7

Acoustics, studio, 45
Adjacent channel stations, 88
Adjacent properties, 4

AGC amplitier, 70

Air conditioning, 209, 2921
Air duet, 222

Airport, proximity, 3
Alignment, video, 250
Ampilifiers

age, 70

audio, 70
distribution, 66
Level Devil, 72
monitoring, 68
stabilizing, 64

Amplitude modutation, 90
Announce hooth, 29¢
Antenna charts, use of, 157
Antennas

field intensity contours, 16

GE helical, 169

GE rig-zag, 171

height above average terrain, esti-
mating, 17, 21, 26

helical, 150, 169

location, 15

maintenance, 178

pvlon, 164

radiation center, 29

RCA pyvlon, 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

138

Apertare, antenna, 151
Array, stacked, 151, 158
Audio

amplifiers, 70

aural transmitter, 108

basic control room equipment costs,
86

bhasic studio equipment costs, 50

cables, 81

control room requirements, 66

in film, 201

microphones, 43

monitoring, 68
rates for STL service, 10
studio acoustics, 45
studio outlets, 46
terminations, 2592
Audio jackfields, 83
Audio modulating signal, 91
Audio signal generator, 247
Aundio tape, 229
cartridge tape, 278
Audio terminal block sheet, 80
Aural center frequency. tolerance, 90
Aural modulation, 99
Aural reflectometer, 116
calibration, 116

Aurval ransmitter, 108

l)r()zl(lbzm(ling, 110
maintenance techniques, 114
modulator-exciter, 108
output, 110

Azimuth, antenna, 156

Backdrop lighting, 31
Backdrops, 47

colors of, 47
Backheating, cathode (UHF

92, 121

Back light, 31
Banana plugs, 253
Base light, 31
Bay, antenna, 154
Beam, antenna, 158
Beam dlt, antenna, 160
Beam width, antenna, 159
Birds nests, filin, 187
Black level, 107, 116
Bleeding lines, 143
Bonding, 83
Box wrench, 137
Breathing effect (AGC amplifiers), 71
Broadbanding

aural exciter, 110

klvstrons, 96
Broadcast antenna towers, 176
Building

airconditioning, 209, 221

basic floor plan, 211

coslt cxump‘cs. 11,12, 13

expansion, 206

front entrance, 209

heating, 208, 221

tubes),

288
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Building (cont.)
location, 5, 6
planning, 206
structure l_\L)('.\‘. 208
studio, 27, 98
tower location, 210
traflic problems, 210

Building codes, 3,8

Building ground, 220

Bullet, 127, 136

Burn out (image orthicon), 39

Buszs track, test film, 245

C

Cable
audio, 16, 81
camera, 231
for cavity coupling, 97
conduits Tor, 219
ducts tor, 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, 13
Cameras (see alvo Film camera, Image
orthicon camera, Vidicon cameri)
accessories, 47
basic costs, 19
cable, 231
control room requirements, 54
depth of field, 37
/ stop, 39
grayv scale, 39
lenses, 40
lighting tor, 31
operator qualifications, 57
patch panel, 232
rentote-controtled, 56
selection of, 43
room lens, 4]
Cathode rav oscilloscope, 54
Cavity circuits, 97, 103, 104
Ceiling height
studio, 29
transmitter, 213
Center frequency of aural, tolerance,
90
Channet assignment, |
Cholorothene, 192
Chopper, 100

Circuit breaker boxes (studio), 230
Circuit breaker panels (building), 219
Citations, FCC, 258
Clamping (I'FU-1B), 107
Claw, projector, 75
Clock, studio, 47, 233
Coaxial cable, rf, 103
matching, 118
video, 81
Co-channel stations, 88
Collector, 96
Color coding tools, 233
Color programming, future plans, 81
Combmed stdio-transmitter, 8
Communications Act, |
Complaints, 267
Compound markets, 17
Construction permit (CP), 258
display, 261
time hmie, 259
Contour intervals, 18, 20
Contour hnes, 18
Contours
ficld intensity, 16
map lines, 18
Control room
audio consolette, 66
audio requirements, 66
camera svstems, 54
control position, 226
cugineering, 79
film and shide ('({uipmcm, 74
mstrument momtoving, 227
Lavout, 214
projection center, 227
tape machines, 71
video requirements, 54
Closts
antenna, 182
building (examples), 11
camera tubes, 40, 43
color camera tubes, 40
control room equipment, 86
do-it-vourselt spotlight, 271
do-it-vourselt striphght, 270
film equipment, 204
film processing, 201
film projecrors, 75
film reels, 193
nucrowave, 9, 10, 11
stdio equipment, 449, 50
studio transnnitter links, 9
telephone company microwave, 10
test equipment, 255
tower, 174, 182
transmission line, 146
transmitter, 125
Coupling, cavity, 98
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Coverage arcas, 3
estimated coverage, 17
rue coverage, 16
Coverage estimation, 15
Cross-hatch (grating) generator, 245
Crvystals, transnniteer, 91
Cue card holder, 47, 2792
Cue marks, film, 197

D

Damage, film, 184

scratches, 187
Damper svstem, 223
Dark room, 215
Db, 15
Defect suppression, film, 75
De-icing (see also, Antenmas,

133,157, 167, 171
Depression angle, 162
Depth of held, 37
Detector,  diode
itoring). 100

Diplexer, 113
Dipole antenna, 158
Directional coupler, 100
Dircctionalizing, antennas, 154, 171
Director’s position, 229
Distortion analvser, 247
Distribution amplifier, video, 66
Dolly, 233
Drainage, land, 4
Drapes, 49
Dryvair pump, 142, 143
Ducts, wiring, 79, 224

VSWR),

(transmitter  mon-

Effective
154

1A flange, 131

Flbows, mitered, 197

Flectrical beam tilt, 154

Fleetronies  Industries
(E1A) standards, 131

Flevations, topographical,

Envelope, sweep, 250

Equipment test authority, 261

Fquipment tests, 261

Estimited coverage patteru, 21

Fxhiaust fumes, 224

Expansion plans, |

studio, 28

radiated power (FERP), 132,

Association
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F

F(50.50) chart, 16, 23
use of, 23
FAA Conorol Center,
Falling ice, 211
Federal Aviation Authority (F \\)
Federal Communications Conumnission
(FCCH, 1, 257
FCC field monitoring division, 267
FCC Rules and Regulations, 1, 237,
258
meanings, 258
Feedpoint, antenna, 157, 163, 171
Field lens, multiplexers, 61
Field strength, required, 15
F(50.50) chart, 24
Fikiment taps, changing, 121
Film
birds” nests on, 187
cameras, b8, 200, 205
circulation, 181
cleaners, 190
cleaning, 191, 192
duamage, 184
dark room, 215
cquipment, 194
green, 189
hardeners, 190 !
imspection, 185
Jitter, 189
making, 198
momtoring, 64
previewing, 54,
processors, 202
projection center, 227
projector location, 226
projectors, 714
recls, 192
room, 215
scratched, 187
scratch ehimimation, 75
sphicers, 197
storage, 197
tmer, 195
viewers, 195
wobble, 189
Filmr cameras, 58
chains, 58
fickd tens, 61
multiplexers, 60
opaque projector, 61
svnchronizing generator, 61
video switcher, 62
Film projectors, 74
Film room, 215
Filterplexer, 113, 116
temperature changes, 1144

260, 265

bR

=



www.americanradiohistory.com

INDEX

Fines, FCCL 258

Fixed base tower, 176

Fixed lighting. studio, 32, 34
defimuon, 35, 37

Flats, 49

Flexible line (heliax)y, 125

Flipboard. 271

Floor plan, basic, 211

Fluoreseent lighting, 230

Focusing plates, 94

Footage minding, 202

Foot-candle readings, 31

Frame, film, 202

Frequeney check, 265

Frequency meter, 120

Irequency monitor, 224,226

Fstop. lens, 39

G

Gas Dlocks, 142

Gas supplv, 143

Ghosting. 5, 157

Ghosts, 133

Grade A and B signals, 23
Graticule, 100

Grating (cross-hatchy generator, 245
Gray scale. 39

Grid dip meter. 243
Ground, building. 83
Ground rod. 220

H

Hand tools, film, 197

Harmonic hlier, 114

Heaer elements, 180

Heliax transmission line, 198
Fieheal atmenna, 150, 169
Horizontl pattern, antenna, 156
Horizontal run, line, 144

House lights, 30, 230

lee effects, 180
lee fall, 113
Idiot cards, 47
Hlegal programs, 267
Hltminaton @ncident light, 30, 31
Image orthicon camera
basic costs, H0
burn out. 39
i Grmera chain, 60
control room requirements for, 54

Jiver, film, 188,

291

lenses, -0
orbitor, 40
hmage orthicon wabe, 37, 39, 10
burn out, 39
Instruments, basic
generator, grating and cross-hatch,
245
grid dip meter, 244
multimerer, 242
oscilloscope, 240
uthe checker, 243
video sweep generator, 2443
vivn, 2442
wattimeter, 2:44
Instruments, special
audio signal generator, 247
distortion analvzer, 247
lincarity, stair-step generator, 247
marker generator, 246
phase analvzer, 247
receiver sweep generator, 246
square wave generator, 247
transistor checker, 250
Insulation, plastic, 81
Intercom system, 220
Interference. 260
directional antennas, 155
oft/air pickups, 72, 123
spurious enmssions, 91, 99
Intermittent mechamsm. projector, 75

J

Jack helds, 152
Jacks. video, 46

89

K

Klvstron tubes, 92,094, 95
ceiling height required, 213, 235
changing. 96. 234
descriptnion, 94
cihcieney, 96
water cooling, 96

Lag. vidicon tube, 39, 43
Lap-dissolve, 62

Lavalier microphone, 43
Lease, properiy . 4
Lens cap, elecronic,
Lenses, 37, 40, 41, 42

£
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License, 266
application filing time, 266
display, 261
renewal, 266
Licensed operators, 264
Light
hu(‘k. 31
backdrop, 31
base, 31
fixed, 35
mcident, 32
key, 31
Lighting
T)u('k. 31
backdrop, 31
base, 31
cffects on camera selection, 43
fixed, 35
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 cquipment inspection, tower,
265
Lighting tixtures, 30
dimmer, 34
do-it-yourselt spotlight, 270
do-it-yourselt striplight, 269
rrid, 34
h;lngcr. 271
pantograph, 34
Light meter, 31
Lightning protection, 177
Line, transmission (see Transimission
lines)
Lincar amplifier, transmitter, 105
Linearity  (stair-step) generator, 247
Line gas pressure, 141
Line installation, planning, 138
Line shelter, 143, 144
Live programs, 27
Load ;mg 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

PLANNING THE LOCAL UHF-TV STATION

M

Magnetic sound, projector, 77, 78
Magnetic sound tracks, 201
Magnetic stripe, film, 186
Maimtenance, 238

antenna, 178

tilm, 190

overall, 239

projectors, 193

proof-of-performance, 181, 236,
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, |
Mechanical beam i, antenna, 154
Metropolitan areas, coverage, 16
Mica insulators, 104
Micro-match, 118, 119
Microphones, 43
lavalier, 43
outlets, 45, 81
we-sets, 276
Microwave links, 5, 9
Microwave retlectors, 177
Mike boom, 43
Modulation, visual, 90
Modulation monitor, 224, 296
Modulator (I"TU-1B), 105
aural, 108
Monitoring
audio, 68
film. 64
placement of monitors, 227, 299,
233
transmitter, 99
video, 63
vswr, 181
Multimeter, 242
Multi-path (ghosting). 5
Multiplexer, 58, 60
accessories, 61
ficld lens, 61
Multipliers, transmitter, 91, 103, 108,
120
changing, 123
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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
Noise-distortion analyzer, 253
Noise level, 71

Noth filter, 112

Null, 158

o]

Oftfair pi('kups. 72
alignment mstrument, 246
antenna used, 72
audio circuits (TC-4A switcher), 278
ermission required, 72
Ofhees, 217
Oiling ilin, 187
Operator license display, 261
Optical sound, projector, 71, 78
Optical sound tracks, 201
Orbitors, camera, 40
"0 rings, 136
Oscillators, transmitter, 102
Oscilloscope, 240
testing, 253, 254
Outlets
audio, 46
studio, 49
video, 46
Outside lights, building, 221

P

Pan and tilt assembly, 56
Panmtograph, 34
Parallel ines, 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 chimber, 1749

293

transmitter operator, 7. 264
at transmitter site, 7
Phase analyzer, 247
Phase equalization, 112
Pipe hangers, backdrop, 49
Pivot base tower, 176
Plenwim chamber, 227
Political files, 267
Polvethvlene, 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 transformers, building, 219
entrance, 219
load balance, 220
Power tube testing, 122
Pre-printed Jogs, 263
Pre-tuned cavity, 96
Previewing, 59
film, 185
Principal community, 3, 17
required signal, 16, 21
Prisms, multiplexer, 61
Processing film, speed, 203
Profile construction, 17, 19
Program log analysis, 267
Programming
remotes, 83
sets, 35
types, 27,53
typical small-market, 53
Program sources
film, 58, 74, 184, 198
live, 27, 53
oft/air, 72
remotes, 83
shides, 78
Program test authority, 262
Projection area, 226
center, 227
Projector. hlm, 38, 74
continuous, 74
mtermittent, 74
magnetic sound, 77, 78
mamtenance, 193
optical sound, 78
preview, 198
Projector, opaque, 61
Projector, shde, 38, 78
Proof-of-performance, 257, 261, 266
measurcments, 236
Props, 28, 47
colors, 47
Pylon antenna, 174
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Q

Q, exciter civeuits, 110
Q. hlterplexer sections, 114

Racks, equipment, 82, 227
a-C outlets, 82
Radial, 21
Radiition center of antenna, 29
Rudio inspector, 262
Radome, 166
Ramps, 214, 229
RCA Service Co., 78, 181,
262
Recording booth, 71
Reels, plastic film, 192
Reflected wave, 100
ReHectometers, THE, 227
calibration technique, 1
FCC required calibration, 266
Remote control, projectors, 78
Remote meters, 227
Remote pickups, 56
examples, 83
Reversal filim, 202
Roads, access, 7, 9
Rules and Regulations of the FCC, L,
15
waivers, 8

193, 239

S

Screen control, AN150 stage, 124
Separition, between carriers, 90
Serrasoid modulator, 110

noise pickup, 124
Set l)uil(‘ing. 19
Shadow areas, 4. 6
Shiclded pairs, andio, 46, 81
Shutofl dampers, 222
Shutter, projector, 75
Sidchun(f.\. 112
Side-hire radiation, antenna, 154
Side mounting, antenna, 176, 17
Silicone grease, 136
Site selection, 1

alternatves, 5

basic factors in, 3

examples, 11

location setups, H
Skew-ray plate. projector, 75
Skids, projector, 187
Skin (‘HT(’('I, 97

{

PLANNING THE LOCAL UHF-TV STATION

Slotcovers, 179
Slotted antenua, 150
Soil samples, tower base, 176
Sound
magnetic, 77, 78, 201
optical, 201
Sound lock, 230
Sound tracks, 201
Splicers, film, 197
Split bullet, 181
Spotlight, 271
Spring contacts, 104, 117
Sprocket hotes, damaged, 188
Sprocket shoes, 190
Spurious emissions, 91, 99, 260
Square wave generator, 247
Stabilizing amplifier, 64
Stage lighting, 230
heat, 231
Stage oscillations, 120
Staging area, studio, 27, 45
Stur-step (lincarity) generator, 247
Stundards of Good Engineering Prac-
uce, |
Station identibcation, 264
Station inspection (FCC), 262
Steeplejacks, 135
Suiplights, 269
Studio
basic, 27, 215
cooling, 231
expansion, 232
floor covering., 45
outside door, 30, 210
wet floor, 17
Studio transmitter link (STL). 6
rates for service, 10
Sulfer-hexatluoride gas, T4
Sweep generator, video, 243
receiver, 246
Switcher, video, 62
Switcher (1C-1A), 62,274
Svne generator, 56, 61

T

Tuble of Assignments, 1, 88
Tape machines, audio, 71
I connector, coaxial, 251
Tetton line, 127
Telephone cireuits, 219
Telephone company microwave, H)
Termimated cables, 251
Termination, screw tvpe, 251
Test equipment (see also Instruments,
basic, Instruments, specia), 236
accuracy, 238
filin, 245
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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
crection, 260
cerection hazards,
FAA comsiderations, 3, 260
galvanizing, 177
guved, 175
mspection, 266
isurance, -+
lighting, 3. 260, 264
hightning proteciion, 177
location, <, 5, 210
maintenance, 26, 178
maximum height, 89
painting, 177
radio, 176
self-supporting, 176
soil testing, 176
special lighting, 3
windioading, 177
Transtormer 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 estiniites, 116
cutting, 136
diameter, 132
cfliciency, 132
cthow, 127
flexible, 128
gas block, 142
gassing, 141
gas supply, 143
handling, 135
hangers, 139
heliax, 128
wing, 143
length, 132
line sheler, 14404
losses, 25, 127, 132
planning mstallation, 138
protection, 137, 143
ratings, 133
selection, 13]

INDEX

size, 132

tetlon, 127

vawr, 133

wavegnide, 145
Transmitters

air intake and exhaust, 222

aural, 108

ceiling height, 2144

combined with studio, 8

cooling, 209, 213

Lavout, 213, 222

and hine size, 132

links with studio, 9

maintenance, 28

modifications, 123

monitoring, 99

remote control, 7

separate from studio,

tubes, 92

ulit features, 91

Q)

vestigial - sideband  filter-diplexer,

112

video requirements, 111

visual, 102
Traveling wave principle, 171
Traveling wave tube, 108
Trench, 82
Tube checker, 243
Twistiock plugs, 35, 82

u

UHF
attennas, 1449
audio requirements, 66
cliannels, 88
compared with vhi, 5
control room engincering, 79

cquipment  suppliers  and  manu-

facturers, 283

power, 89

propagation problems, 3

separiation, 89

special transmitter features, 91

transmission lines, 127

transmitters, 88

tubes, 92

video requirements, 5.4, 111
Unity vswr, 134
Universal line, 125
Unwanted coupling, 99
U-shaped console, 226
Utilities, 7. 9
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v

Vacuum tube volumeter, 242
Variable voltage capacitor, 111
Velocity nm(lululu{ beam, 96
Vertical pattern, anmtenna, 156
charts, 159, 163
VHE reception.
Video jackfields, 83
Video levels, standard, 81
Video response pattern, 25()
Vidicon camera
basic costs, 50
i camera chain, 60
control room requirements for, H4
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
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Wattmeter, 244
Waveform monitor, 54
Waveguide, 145
WBJA-TV, 11
Well water, liltering, 7
White stretching, 111
Windloading, antenna and tower, 166,
177

Windows

klvstron wubes, 94

slotted antenna, 166
WLBC-TV, 14
Wobble, film, 188, 189
Workshop, 215

arca, 234

WTAF-TV, 12

Y

Yagi antenna, 72

)4

Zig-zag antenna, 150, 171
Zones, 88
Zoom lens, 41



www.americanradiohistory.com

planning
ihe

local uhi-tv
station

Patrick S. Finnegan



www.americanradiohistory.com

]

e

WwWWwW americanradiohistorv com



www.americanradiohistory.com

