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HONDAY MORNING SESSIOR
September 15, 1947

The Broadeast Engineering Conference of the Twenty-
fifth Annusl Convention of the Natlonal Associetlion of Broad-
casters convensd at nine-thirty otclock in Room A of Conven-
tion Hall, Atlantic Cilty, New Jersey, Mr. Orrin ¥W. Touwnsr,
WHAS, Louisville, Kentucky, Chairman, NAB Engineering Exsocu-
tive Committee, presiding.

MR, ROYAL V. HOWARD [NAB Dirsctor of Engineering]:
The meeting will comes to order, please.

Good morning, ladies and gentlemen. I em sorry that
we are late. Thers has besen a 1ittls confusion as to the time.
The gchedule: showed that this was to begin at nine-thirty, so
we delayed as long as we could.

My name ig Howard. Most people think that I am the
Director of Enginesring for NAB; actually, I am the coordinator

of confusion,

We will start this morning session here under ths

[0

direction of Mr. Orrin Towner, Chalrman of the Enginsering

‘ Executive Commlittese of the Nstional Assoclation of Broadcast~

ers. Mr. Towner 1is a well-known engineer throcughout the
nation, Chief Engineser of WHAS, Loulsville, I will now turn
the meeting over to Mr. Towner.

CHAIRMAN TOWNER: Thank you, Mr. Howard.

Membere snd Honorsd Guests: We are very happy %o
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have you here in this first official NAB Broadcasting Confer-

sznee, and we are going to move rather rapidly on account of

the late hour.

We are very pleased to be able to present 28 the

first paper "Motion Picture Photography of Television Kine-

scope Images" by Mr. O, B. Hanson, one of our best experts in
television. Mr. Hznson is Viee President and Chief Engineer
of the National Broadcastihg Company. Wr. Hanson! [Applause]

MR. O. B. HANSON [Vice President and Chief Engineer,
National Brosdcasting Company, New York, New York]l: Thank you,
Mr. Townsr,

Good morning. It seems that Doc Howard was a little
optimistic when he expected to fill this auditorium to its
capacity with broadcast engineers at 9:00 a,.m. on ths first
day of the Convention.

After about fifteen minutes with this paper, then we
will show you some moviss of kinescope photography.

Television brosdcasting, the greatest mass communi-
cation gystem developed to Gate by sngineering genius, is a

technical miracle which fascinates all those whe see it, and

to the public the witnessing in thelr own homes of remote

events while they occur is an awe-inspiring miracle, the hows
and whys of which they never hope to uncerstand.
For a short period of time this fascination of a

technical wonder holds the viswer's attentlion, but sconsr or
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later he will coms to accept television in his home ag common-
place, as he dose radilo brosdcasting, telephone service, and
211 other electriczl housshold devices. He will expect 1t ©o
operate consiatently with minimum outages and expenae to him-
gelf, and his sole interest will be in the entertainment value
of the wrogram sarvice which ths miracle brings to him. The
greatest stage in the world with its technical facilities has
no greater value than the show produced upon it, and with tele~
vision it will always be the show hét counts., A television
program production, togsther with the nscessary performers and
ngme talent, can be expsnsive. As was the case in sound broad-
caating, it is nscessary to distribute such productlons over a
lsrge number of te;eviaion stations to inalude a largs televi-
gion audisnce to meet cozts.

For instantaneous presentation of events uhile they
are happening, intsrcity netrorka ars vitsl, but, unlixse the
early days of sound bhroafcasting, the facilities for network
communication do not exist in the quantity which was available
for thz building of 9 nstuwork system Tor sound broadcasting.
Some intercity television cireults are aveailable, and the con-
struction of furthsr links ars under way or planned, but there
will still be a large section of the linited Statzse that for
several years will not haﬁe available intercity connectlons
for television programs.

It is, therefors, important that other mesans of
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syndication be utilized. Following the pattern of electrica

sound transcriptions, there is an art fully developed which

L.

lends itself to that purpose In the Torm of film transcrip-
tiong. Such films Tor circulation to television broadcasting
stations, of course, can be made, using the standard technique
of directly filming the scene or productlion. However, this
method isg sxpensive, and synaication would require a large
number of stations to defray the cost of such gpscial Tilm
productions.

Another method is to directly photograph the televi-

sion imege from a kinescops while a {elevision producticn 1s

-
T

being producsd for the alr =t the key station's studlios. Such
a method permits the camers -and the sound recorder to run
continuously whils the show is in production, without the

usuzl stop and start and later assembly into a finished .film

j3)

with its waste film, as in the norma. motion picture technlique.
Such films, as photﬁgraphed from thes kinescope, can bs devel-
oped by rapid,proceéses, and ths negativs can be retransmitted
by televisioﬁ for a repeat show at = later hour. BSuch filns
made of outdoor events which occur during the day could be
rapeated in the evening for thoss unable to ses the original
svent directly by television. Posltive prints of sucii Tilms
could be made for shipmant to remote felevision broadcastling
stations to help increase the program gervice of the particu-

1lar stations whers a network connection either was nos
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available or was economicslly impractical.

Prior to the war the Netlonal Broadcasting Company
started to develop experimental apparatus to study the problem
of making motion pictures from kinescope images. These esrly
experiments were sufficiently encouraglng tc provide s stimulus
for further dsvelopment. During the war our experimental work
was continued, and equipment was developed for use by the mili-
tary. Since the war we have continued our work, looking
toward coumercial application of kinescope motion picturz pho-
tography. Special amplifiers and speclal kinescopes havs bszen
developed for the express purposs. A 16-mm. experimsntal
motion picture camera has besn designed in cooperation with
the Eastman Kodak Company, znd most encouraging results have
been obtained. New eamera designs are in manufacturs, and we
hope for improved performance when such caméras'are-available.

¥%hile ths televicion radio channsl set aside for
plecturse transmission is but four megacycles wide, the sguip~
ment uged in our studios is approximately eight megacycles
wide, with ths result that the resolution produced on our stu-
dio monitors is somewhat higher than that which would be
obteined in the home receiver, limited as it is by the radio
channsl width. Thus, the picturs on the special kinescops 1is
of higher quality and more satisfactory for recording on
motion picture film than that produced on the home recelver,

some of our work in this field has been done on 35-mm,
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film, but most of the experimental work in this field has been
conducted with l6-mm, film in order to rsduce the cost of film
stock so necessary to keep down the over-all cost of film pro-
duction., Today filme photographed by this method are of ade-
guate quality to permit their belng retransmitted through the
television system with acceptable regults. When this 16~mm,
aystem has proved out ite technical and commercial practlca-
bility, snd when television has more money to spend, it is
probsble that the system will shift over to 35-mm. in order %o
further improve the picture and sound fidelity. In the mean-
time, small-community television stations would find savings
in their capital investment by installing only 16-mm, projec-
tion equipment, as most citiss have stringent fire and build-
ing codeg governing the facilities required for use of 35-mm.
film.

Kinescops photography, regardless of 1ts synaication

possibilities, provides documentary and historic record of

‘television events; it is helpful for critical analysis of pro-

duction techniques, achting, et cetera, and 1is ugseful for audi-
tion purposes in sgelling types of programs.

I have with me hers some sample films of NBC televi-
elon shows which you will g22 in a few minutes. 1In the mean-
time, you will be intersated in some of our experiences and
methods. Some of our early attempts at filming kinescope

imsges were poor, due %0 the low intensity kinescopes, unsatis-

factory spectral responge of the phosphors, kinescopes
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operating on low voltages, #ndG camera drives which were not
aynchreonous with the thirty-frame television syetem, the lat-

ter producing shlfting horizontnl black or white bars, termed

0

8 th

R

cshutter bars, acro pleturs,
The first pictures that I wlll show you are plectures
that were takXen at, I think, eight frames with » standard 16-mm.
motion picture camera. Yhen you sgee them, they are going to be
run at twenty-four fram=ss, because we cannet slow that projeec~
tor down. The motion will be amvsing, but you will see the
shutter bars. All it indlcates is that we were able %o at
12ast have sufficisnt exposure to get = film. ‘

Further, the film availebls 8t that time had insuffi-
cient sensitivity to give vuroper exposurs synghronoué with the
televigion with the kinescops brightness availeble to us at
tnat time. During the war further equipnmsnt was developsd to
record images for ths bloeck and ring telsevision systems used
by the military. For military purposes 1t was not necessary
to use a synchronous system, with the result that a slow-moving
shutter'bar was seen in the projscted imape fleld. However,
theee picturss warz adequate for.the nurposss intended,

The next step was the use of ths fiftesn~frame-per-

@

econd camera drivsn by a synchronous motor. This method geve
an exposure time of Jjuct under one-thirtieth of a second with
s 170-degres shutter. By ecarsful phasing of the motor so fﬁat

the opening and closing of the shutter took place Guring the
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vertical blanking perlod, acceptable results were obtalned.
When projected at sixteen frames per ssccnd, no undesirable
results due tc change of spheed were noticesble. This mesnt
thet the film recorded two televicion fields for each motion
picture frame, thus permitting more adequate exposure at low
kinescope brightness.

Thers waeg 8 question as to whethsr we should design
our system to record at thirty frames per secong, to be syn-
chronous with the television system, or to develop a method
for recording at the standard rate of twenty-four frames per
gecond. It wes Telt that it would be best to record at the
standard twenty-four frasmes in order thét the films would be
ueable on standard equipment and the sound would bes recorded
at the normal rate of thirty-six feet per minute. Therefore,

our present system records at twenty-four frames per sscond

from a thirty-frame television systiemn.

w

I think our British friends have a little easler Jjob

pl
ct

they

)

there., Thelr system is a twenty-five-frame system, n
uge a standard twenty-four-frame motion picture projector in
their system. Of course, in recording they caﬁ run a twenty-
five frame, and the difference in speed 1s so negligivle that
you would hardly know the difference in the sound of the
increased motion or speesd-up on it and the higher pitch in
gound. I think I am right on that.

The camera is driven by a synchronous motor, and the
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shutter is so designed'that it ig open for exactly 1/30 of a
gecond in esach 1/2L4 of a second rotation time. It was neces-
sary to decrease the pull-down time of the film iIn the camere,
which ig normally of the order of 1/50 of a second, to less
than 1/120 of a second., Such a shutter ie open for 288
degrees snd clossd for 72 degrees. This allows for the expo-
sure of two complete telsvision fields. Each subgequent half
field corresponding to 1/120 of a second ig used for pull-down
time. In thls manner 48 fields of the television image are

photographed, and to produce 24 film frames, 12 remaining

iglds are used for pull-down during each éecond, the time of

one half field for sach pull-down period. The accuracy of
timing of the ghutter is very important, A flutter or “"wouw"
in the shutter movement will show up as a 1l2-cycle banding or
flicker, 1In some cases a white.band and‘a'dafk band wiil
slternate at a 12-cycle rate. 'Flywheels and other inertia-
damping devicss are used to remove this effect.

Can we have the lights out to have the first slids,
plesase? |

{81ide] This slide shows the seéméhté 5f exposure
and pull-down time on a camsra in relation to the fieid rate
of the television imags. I.think you will find it self-
explanatory. You see, the shutter opeﬁs and stays open for
the duration of two television fields., At that it clcses, and

the pulling-down period of 1/120 of a second 1s sxactly half
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the fisld. That shutter opens again, and you are splitting
fwo split images, 1f you want to think of it in terms of the
image shutting at the top of the frame.

[S1ide] This slide shows the experimental setup for
recording telsvision images, On the top of the tea wagon, left
to right, are the radio amﬁlifiey,the enclogure containing the
pro Jector tube and the camera with the cover removed. On the
lowsr shelf are a 30-kilovolt radio frequency powsr supply,
production chaseis; asnd on the end right a 300-velt rectifier-
§Cops.

This, of course, ic not =z finished product; it is
just laboratory experimental equipment, snd if such equipmsnt
was mede up for commercial use, 1t would be in a very pratiy
box, no doubt.

[81ide] This is the other slde of the same tea
wagon,

[81ide] This is a close-up of a kinescope with the
covsr removed. On the tube face is the actual television
image of a baseball pickup. It might interest you to know
that that picture was taken with two photoflood lamps in order
to get normal exposure to the camers, but in spite of that
smount of light shining on the face of the kinegscope, it did
not wash the image out entirely.

Have you any more slides down theret

[8lide] This is just a block diagram which shows

10
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how ths system is conhected info the tslsvisgion systsm. Ths
shuttér ahd camera are not SAOW%, but they occur as c¢lose to
the leneg as possible in order that the image of the edge of
the shutter will be out of focus on the film. I% would Dbe
desirable to install the shutter betwsen the lenses, out that
is a 1little difficull, not entirgly nscessary during ths
sxperimental period.

Over the periocd of experimentation a great meny films
heving different spectrazl sensitivity have been fested znd
matched to the phosphor spectrum to obktain thz optimum sctinic
efficlency. Without going into the detalls of the varlious
films and fluorescent materials ussd In vsrlous experimsnts,
it hus been found that the most effective screen is maue of a
blue fluorescent zine sulphiae, togethsr with a blus sensitive
film gtock. Sﬁch sz combinztion ls twenty timss more actini-
cally effective than the whits phosphor screen, P-4, such as

u

o

2d in home-~type kinsscopss, Thus we have more than enough
light for idesal exposure conditions,

The Xinsscope monitor now in ues operafes at thirvy
kdlovolts and is capébie of a contrast ratio of several hundred
fimes in the arsas of large detail. It is the nature of photo-
graphic film theat as the detail becomes finer between black
and white objscts, the contrast ratio in this fine detall con-
tinues to drop as the detail bescomszs finsr until it resaches

unity, which bscomes the limit of resolution of the film.

11
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Both television pickup devices and kinescopes exhlbit
the same type of characteristic. Vhile our kinescope is capa-
bls of contrast ratios of several hundreds to one 1ln areas of
coérse detail, it is desirable to so adjust the contrast ratlo
of the kinescope to approximately thirty to one in order %o
f2ll well within the latitude of the average film and thus to
allow some latitude for normal variation in adjustment of
video controls, average brightness'of kinescope pictures, and
variations in development of films.

While the major portion of the exposures density
occurring on the average film is something on ths order of 100
to one or 128 to one, depending on the particular film and the

method of development, it is very desirable to kesep the arid

contrast retio down to thirty tc one, something of that order,

in oréer that that rank should glids up or dowh al sxpasure.
The dengity curve wiil st11l stay in the linear portion, and 1
think that those of you who are famillar with $elevision gsys-
tems realize that when you have a field piclkup and you are
going to vibrats transmitters in the master control rooms,
there are s lot of ps2ople who can grab hold of the controls.
The engineer whe tries te make photographs of thet must allow
himgelf a little -latitude,

| Under such circumgtances it is possible to record on
films resolution dowun ?o approximately 500 lines as usesd on a
television test chart, at which point the eombinstion of the

i
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film and the television sysztem adéds up to unity contrast in
the fine black and white detall, This, of courss, refsrs 1o
frame size on 16-mm, film,

If we wers using 35-mm, film, the unlt contrast 1limig
on averasge 35-mm, film would probably be somsewhere arounc 1200
linee, but the television system would still be limited to
something on the order of 600 lines, and ths combinstion of
the two would give a result which might be, we will say,
aporoaching 600 but would be rather more than 5006, so it is
quite possible that later on, when television has some money
to spend, we might go to 35-mm. film.

One type of blue sensitive film which we have used
experimentally 1s a type of safety positive which has mach
higher resolution cutoff than normal negative stock., It is
lsecs eypensive than panchromatic film, and whlle 1t-only has &
neston equivalent rating of .5 for vhite light, thls is suffi-
cisnt to obtain satisfactory exposure when photographilag- from

ths sp2cia2l kinescope having the blue phosphor operatec &t

-4

30,000 volts. By the ws orisntation, Super X hzs a weston

y o
rzting of 50, or 100 times more sensitive.

The range, of courae, is much higher than 1t is ia
the safety deposit stock., Our objective there was to gsl very
low range, |

¥ith the limiting rssolution of ths film at approxli-

mately 500 lines, where the contrast is approaching unity, the

i
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sganning lines, being at » recclution fineness higher then this
cutoff point, sres not vicible in the Tilm or in the projscted
picture, This assumes, of cource, that the kinescope monitor
ie properiy interlacing ~nd has Dreoper spet oilze for the pur-
pese,

Tn some of these pictures thst you will see you vill

rou may think ie scostiering lines,

{"-
-

ne2 something in them the

.

but the serlier pictures do show egome lines, and the engineer

(6}

who made thoee pictures tells me thst there was interference
from his high~voltage radio frequency power a2t some plzsce. At
le=zst, that 1a hia atory.

It is obviously necessary to record sound, anc at
present this i3 done through the usa of a standard RCA Photo-
phons, PM 45, sound recorder nodified for 16-mm, film. In
oréer %o have a marker on both the sound and picture film for
i=ter synchronizing during editing and printing of the com=-
posite print, e 420-cycls tone ic momentarily lnjected into
both the pilcture and the sound channel. In the interests of
economy, of course, it would be possible to record sounc in
the camers on the original pilcture nsgative. However, =t the
moment ocur lsborstory camera is not <o eguipped, and for the
tins being we prefer to uss =2 standard racordsr, recording the

sound on a geparate Tilm, 5o 4s normal practice in the motion

-

éx]

pileture industry. By this method it iz possibls to proce

the sound film in such = manner as to produce the best
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passible sound track,

I hope that we can hear this sound so that that
statement will not smbarrasgss me.

T have some gamples of various Tilms here, =g well
ns photographic glides and diagrams of the setup, wvhich I ghall
now show you, The first portion of the film is some of the
early attempts, in order that you may orient yourselves to the
progress which hag been made, The sszcond portion of ths film
is a geries of shots vhotographed at Radio City of the Louls-
Conn fight after reception at Radlc City over a wire lins hav-
ing a cutoff at four megacycles, This particular film wasz
photographed using Super X film from a blue phosphor kinescope
operating at fifteeﬁ kilovolts and cdoes not reprssent tis
optimumnm,

Alsgo, 1t was made with Auricon cameras, the vary
first ones that were put out, -and is not necessarily a good
rspragsentation of what an Auricon will Go. %We have later ones
with Auricon pickups.

The rzgolution cutof? of the film is somewhat lower
than that which is now ussd, The latter portion of the Tilm
hag been photographsd with our vresent squipmsnt, using the
aafety positive film, Thess shots are not presented here for
their entertainmant value, Thsy wers taken at random by our
laboratory at such times as suitable signals wers available

for test filmg, =as part of ths general development program,
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They also do not represent the ultimate in results, but are
shown to you Tor your technical edification and to rsport
progress in this fisld of endeavor.

You may be the judge of the quality of thess pictures
ag they appear to you, and 1f there are any questions that you
care to ask following the showing of the film, I should be glad
to endesavor to answer them,

May we have the film now, plsase?

[Film] This is a silent film and is taken with a
standard motion picture camera of the setup. It shows you the
bars that I was telling about, the stratifiers, because the
camera, of course, was running at twenty-four frames. There
was no attempt to adjust the shutter time ss shown in that |
slide.

[Commentary] Early attempts st photographing tele-
vigion images were made wlth nonsynchronous motor-driven cam-
eras operating at approximately eight framss-per gsecond. The
following sample will show accelerated motion which projscts
at twenty-four frames pef gecond.

We are now in the National Bﬁoadcastlng Company's
experimental studio.

The Louls=-Conn match in 1946 made $elevision history.
The television pickup was madse with image Auricons. .The pic-
ture signal was transmitted by telephone cables from the Yankee

Stadium to Radio City, where it was photographed at twenty-four

16
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frames per sscond.
[Film] {Comm=ntary] The Giants-Dodgers ball gname

vhich follows was picksd up at Ebbets Fileld with image Auricons.

14

The signal was microwaved dirsctly to Empire State. The sig-

nal wes recsived =2t Radio Clty on standard televislion

n

receiver which fed the photographlic monitor. The photographlc
conditions are the same ag for the Louig-Conn film,

[Film] [ Commentary] The following excerpt is from a
live-talseng program'televised with lconoscope cameras. It was
photographed on safety positive film from a blue five-inch
projector kinescops operating at thirty kilowatts.

(Film] [Commentary] The following example was
photographed undsr ths same conditions as the preceding exam-

ple

ple, except that the image Auricon cameras are us2d in ths

tudio.

n

[Film] [Commentaryl] The following film is a very
rscent recording snd demonstrates tha quallty of resolutlions
that cz2n be obtained.

[(Pilm]

MR. HANSON: I am very sorry that I could not show
you these pictures with those windovws clossd down. We looked
at thz2m last night -and the contrast really helped them a.great
dsal. You, being engineers, will, I am surs, make allowances
for the fact that that screen had an awful lot of light on 1%,

The people sitting off on the side were getiing very dim
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plctures. That is the end of that ons. [Applausel

MR. TOWNER: Thank you, Mr. Hanson, for that demon-
stration of %echniques. Unfortunstely, our tims is running so
short that I will beg off any questions on this paper 1if you
will permit that. -

Now we plen %o go to s differsnt phase of brosdcast-
ing,

MR. HANSON: May I Jjust add ons wordd The engineer-
ing development work on this lconoscope photography was dene
by ons of our enginsers. Bob Frazier is here. Bob, do you
mind gtanding up? [Applause]

[Mr. Frazier stood to acknowledge the introduction.]

MR. TOWNER: Thank you. We appreciate that word,
Mr, Frazier.

Our next paper, "Frequency Modulation Broadcast Sta-
tion.Construction,“ the next phase of our program, is by Hr.
Pzul A. de Mars. Mr. de Mars is with the Raymond Wilmotte
organization and, with Mr. Wilmotte, heads thelr construction
consulting practice. Mr. de Mars!

MR. PAUL A. de MARS [Consulting Radioc Enginser,

¥washington, D. C.]: Gentlemen and Ladies: When Doc Howard

‘first extendsd an invitation to address this meeting, the prob-

lem seemed avery simple cne, especizlly in view of the fact that
I sm currently engaged in directing the planning, design, and

construction of gsome ten FM stations. However, reflection
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convinced me that, acﬁually, it is a vsry complicéted subject,
and to attempt to desl with it in 211 phases in the time
allotte@ here is sn impoesibility. Consequently, I have chosen
to treat the subjsct by calling attention %o some of the out-
standing considerations that are involved, broadly speaking,

in bullding broadéasting stations and FPM brosdcasting statlions
in parsicular.

One of ths rsasons why the subject is difficult is
thst we are concerned with building broadcasting facllities
with powers from 250 watts to tens, and in the case of FH even
hundrads, of kilowatts deslgned to Turnish the services that
are in the interest of small communities,'metropolitan arezg,
and, in some cases, all regions.

However, no matter what the size of the statlon, the
broadcasting facilities, we are dealing not with the construc;
tion of a simple item, but we are dealing with the sssembly of
componente into a system, the object of this system being to
transmit programs of informétion énd entertainment into the
hone,

Except in some of the very smsllest facilities, con-
struction of a broadecasting station requires knowledge and

ekill in many fields, in the field of radlo, audio mechanics,

ecousvics, and architecture.

In the case of stations in which the transmitting

facilities run into kilowatts of power, it is essential that
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the buildings in which the transmitiing facilitles are housed,
or the buildings in which the studic Taeilitles are hous=d, be
very carefully designed snd coordinst=d with the equipment

thst goeec in them. The resson, while plain, is not salwvaye

The emrll treznsmitter is normelly 2 complete pack-
age which can be crated up, shipped, uncrated, placed in the
Gasired poeition in the room into which it is going, connected
to the powver supply, tc the esntenna, to the audio lines, and
i1t i= resdy %o go; it i¢ 2 geing concern,

Wien we get into largsr povers, the equipm=nt 13 not

eo sinple. It means th=t the various componants must ba

enginesred into the bullding construection and that plsnning,

design, and Fforsthought must ge into their layout., Otherwise

ct

performanes requiremsnts will not be met, or hs cost of the

projeat wlll be excesaive,

Posalibly the most important considseration in bulild~

o

ing stations is to rsalizs that integration anG coordination
of thz componentsare th2 imporiant factors that will affect
sound design snd result in aﬁtaining.desired performance

We are o211 more or less familiar with the conaitlons
arounc. AM., After all, we have been building AM stations for a

re resgsonably famlliar,

w

grter of = cantury or mors, and we

Se

therefore, with thosa factors that enter into the dsasign and

building coneideratiocns.

~“
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All of those, in general, apply to FM, but, in addi-
tion, FM is peculilar for the reason that it has been rssiricted
more by FCC rules - and standards than AM, In Tact, the FCOC
rules and standards lsave only a relati#ely small smount of
freedom to the engineer in designing his Tacilities., By that
I mean thet in a2 lsrge portion of the United States, from the
standpoint of population--and it is even getting to be & large
portion of the United States geographically-—the Commission in
its rules snd standarde of good engineering practice practi-
cally specifies the facilities that shall be put in, except as
to choice of individusal componsnts. I am referring to ths
SOO—fdot height, 20-kilowatt effective, radiated power formulea.

Were it not for such a restriction, the engineer
would have much more opéortunity in connection with the cholce
of site, the amount of power that he would use, the considera-
tion of the arsa which he was gerving, and how to Go it with a
combination of power;antenna,;height,'and location.

However,.in spite of these limitafions estubllished,
there are still a lot of technical problems that the englneer

face; for instance, ths three factors that affect anda

ct

muas

rmine the coversge of an FM station are fthe amount of radi-

cr
4]

cet
ated power, thes height of the antenna, and the terrain over
which the signal is pfopagated.

Due to the moderate wave lsngths involved in Fi, 1t

ig possible to incrsase the field intensity tangentizl to the
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sarth's surface by stacking up 2 number of radiating elements
and attaining in this manner in the antenna so-called power
gain. All other consideraticns being waived for the moment, if
we degire twenty kilowatts of radiated power, it is immzterlal
whether we radiaste twenty kllowatts from an antenna which has
no power gain, that is, by delivering twenty kilowatts of
power %o a no-gain antenna, or whether we deliver one kilowatt
of powsr to an antenna which has a gsin of twentiy.

Actually, some very practical considerations enter
when we try to carry this concept very far. 1In the first
place, as we lncrease the number of elements in ah array to
increage the field intensities tangentially, we establieh cer-
tein requirements with respect to the accuracy with which the
antennae zre designed mechanically, the present sifuation wlth
which currents and the proper phase of those currents can be

maintained in practice.

There are other considerations; for instance, as-the dimen-

sions of the antenna get larger snd larger, there are attenua-
tion losses from the point at which the. transmittzr power is
f2d to the array in the elements themselves.

There has not as yet been enough experience to sccu-
rately determine the extent to which antenﬁa gain will under
all conditions bz the equivalent of transmitter power raGiated
from a simple antenns, I think that 1t is up to the englneers

to be cautious in this respect. It is my fesling, based on
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sxperience, that in mzny csses in the interest of initial cost
=nd operating economy stations are under construction in which
the results are eventually going to be both disappointing and
possibly not meet the rsquirements of the FCC, due to falilure
to realize the game actual signel intensities by combining low
power and high gain as woulé be obtainad with the power radi-
atad from simple antennas.

I do not think there is any guestion; I think ths
consensus is that asntenna gains of five, six, seven, poseibly
ailght, are practicé . I% dozs not mesn that all antennae pur-~
porting to havs that gain are satisfactory but that at least
00d design will psrmit utilizing this fortunate characteristic
of the shorter waves langths.

Evar since FM was called to the attention of the arg
a grest deal has been talked, and many demonstrations have been
made, of the high-quality characteristics of the system, There
is no question ambout the inhersnt characteristics of FM making
it possible, through reduction of noise, audio band width,
freedom from static, to permit the transmission of really high
fidelity.

The FCC has, I believe wisely, established very high

standardé with respect to the over-all audlo performance

rsguirements. As a matter of fact, they have established

standards that are probably about as high as it is possible to

attain under the best circumstances.
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Whils the manufacturers have dons an excellent job
in designing, manufacturing, and providing componante for us,
vhen the large number of muGio components are aadzsd to the
gtudio to trangmit a length into the tronsmitter itself, only
by the most careful coordinstion and integration of thece
facilities, only by installation practicss that taks svsry
advantage of shielding againat noiss, of matching so that dis-
tortions 4o not occur, is it possible to meet thess high
standards,

I think that very few of thaz FM stations bﬁilt to
date will Tind that their systems will meet the reculrements
of the FCC. I urgs every snginssr who is charged with ths

resgponsibility of designing an FM gyestem to exercies

1,

pcseible sources of information and the witmost care in the
planning, Gesign, sndé layout of his awfilo gystem, because
while the FCC to date has not insisted upon establishing proof
of performance of operetion of the over-all system, thisz iz =2
requirement under the standards, anc the day of rsckoning is
bouna to com2. It is obviously going to cost much mors o

shat doss not mset th2 requliremenis

o

have to revamp a syatenm
than to instell it propsrly in thé firet nlace.

I think probably one of ths reasons for not giving
too much concern avout the audio performance of FM 1~ that
right now it is in whet I would call the news, weathsr, and

phonograph stsge, but FM is rapidly going to outgrow that
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stage and join the ranks of big broadcasting opsrations.

Normally, if we were considering the esgtablishment
of an FM station purely as an engineering problem in a system
of free snterprise, it would be impossible for us to divorce
the facts of propagation from consideration becsuse, after
2ll, what we are attempting to do is to set up a facility
which will serve zn area. |

Unfortunately, we are gulded--and we have no chcice
in the matter--by curves published by the FCC and figure our
service areas by an arbitrary method estsblished by the FCG.
Many of us realize, and new operators in the broadcasting
fi=ld arse quiékly coming to the fealization, that under many
conditions the methods of ‘estimating coverage or seérvice by
the FGC;s go~called ground-wave curves areg grossly in error.
Unéler certain conditlong it is found that signals are heard
'way béyond the expected range. In other condltions gsrvice
is not satisfactory far withlin what is expected to be a good
coverage range,

There are two considerations involved here: one is
the abnormal diffraction of the radiated wave due to conditlons
of the atmosphere, which is responsible for the snomalous long-
range conditions and the shadow loes behind hills and mountains
which ls the principal resason for faillure te attaln expected
coverage.

Becauss I think that more knowledge of this

P
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consideration iz lmportont, L an goin&-to put on the screen
(end nov ssk for the firet slide) some more detaillsd informa-
is matter of propsgavion.

[siice] The Tiret slice showe Tield intenslity
versus Gistance.for varlous antenna heights and, by mesns of

-

the gecale on the left, for variou:s antenna povers. I direct

your attention firet o the dot-dash curvee which repre sant

-

the signal intensity vergus distance computed on the bugis of

tmosphere and, in Tzet, are taken

“D

£ slowsd earth and standard
from the FOC standardés andé ploited for antenna heiphts of
EQG,QOO feet.

Two other curvss, solid curve and dash curve, rapre-
sent, respectively, signal intensitiss that are excesded 99
per cent of the time and 1 per cent of the time for ths sntenna
height and power gonditions indicated
age of time, were chosen

icture in this way. Their

Q
ot
5
o

sory of come int

family is 2 high-grade gervice, znd the service ought to be

o]

good at leaat 99 per cent of the time. I want you to notice

[

» the fluctuationse that

o
o
ct
t
1w
=
2
5
'—
o« e
=
©
=t

that =g we go away Trom
occur szbove and below, ths su~called ground-wave Curves,
increase yitn dlstance, ana at = glven aistance they wre less
the highef the antenna, so that thers ils a very lmporinat
regeon for ubilizing =an antenna wirich is as high above the

ths surrounding terraln as possible, =g T as clving

=ty

L C

1

(D

v

(D
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sn interfsrance~frse ssrvice with any consliderable distance,
because, Tor example, with the 100-foot antenna, when we get
out s distance of more than forty miles, ws are getiing enor-
mous fluctuations abovs and below the msan valus, anc if we
ars going Yo consider a 99 per cent service, then this signal.

intensity is the only one we can rely on for gervice. On the

other hsnd, thie signal intensity hers ls the signal intensity

or
=
)
ot
[
o

T

otentislly an interfering signal.

I do not want tc belabor this matter too much, ani%

time iz short, so I will ask for the next silide, please.
[31ide] This is a nomograph vhich takes into con-

siderstion thz plan shown on this sketch and estimatss the

chedow losa in DB below that which would be the résuit wers

1he hill not there.

The gource of thig was from som2 restricted informa-

o

tion pranared by the Bell Lahoratoriss during the war an
the meassuremente which I have mads in various bands.

It gives 2 reasonably good approximétion of what we
£ind in practice, I want to c3ll attention to the tremencous
1ogsses that ean result in hilly or mountainous terrsin. For
example, we happen to bs a community located, say, within Tive
miles beyond the thousand-foot-high ridge. The signais to
that community are going to be fourteen, fifteen, DB down, due

to the shadow effect of the intervening hills.

from

27

When ws remember thst in most of the northern section
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of the country and the westsrn scaboard a large portion of our
population lives in pretiy uneven country, topographlcally
speaking, 1t means that an awfully large portion of the listen-
ers are going to havs to get slong with a signal whicih is many
DE bslow that predicted by the FCC curves.

Since, evsn under ths limitations under which we have
Gesigned, built, and located our statinns, we do have consid-
erable freedom in the cholce of site, .one of thes most important
considerations is to select a site so that the shadow losses
to the area we want to serve are at a minimum.

[s1ide] Unfortunatsly, this is not %oo good a slide,
but it attempts to combine the smooth earth propagation curves
with the nomograph and come¢ cut with a more realistic statement
of signals where the affects of terraln are important. This
curva in one Torm has been publishsd in the May issus of Fi
and is going to bs republished in this form in an early issus.

That is all for the slides, and may I have the
lights’

I think about 211 that I can say is tc conclude by a
very brief summsry that construction of broadcast stations,
either AM or FM, represents a rather complex uncertaking, that
they should be treated not as a unit, but as a system's design
problem, that we are in a nsw bramch of the art, in which lots
of information is current but thers is not very much. substan-

tistion of a lot of the claims, particularly of antenna
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performance, and so forth, Therefore, the engineer should
look with mome skepticism on ¢laimse. The safe procedure is %o
bz bonserVative.

There ig no question but what FM is going fto rsvolu-
tionize radioc., There have beszn recognized quits a few i@plica—
tions as & result of the estsblighment of many, poséibly'even
thousands, of new broadcast fzcilitiss in ihe Unitsd States.
The effect upon the editorial policy, for example, that 1is,
whether the Governmasnt regulatory body should, in view of fthe
possibilities for an almost unlimited number of stations,
change its rulss end regulations in that reaspect.

I would Just like to wind up on a zort of bizarre
note. We hear a lot sbout ths coming atomic sge. There have
been a lot of serious and semiserious statements made that
because of the vital importance of broadcasting in our national
life, broadcasting stations, atl least a certain number of the
lsrge key ones, may have to bs put underground in orader %o
prevent s natlonal panic in the event that our pregent faclli-
ties should be totally wiped out. Possibly the largs number
of FM stations that are technically feasible and that will in
21l probability be bullt scattered gll over ths United States
within the next decade may furnish ths national service, even
in the event of atomic war, that will take the place of the
almost impossible problsm of putting the old standard faclili-

ties under ground. Thank you, gentlemen; [Applause]
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CHAIRMAN TOWNER: Thank you, Mr, ¢& Mars. we are

surs that thers sre many qusstions, orobably more thin we can

Y

¢ Mers, vho has had such = wesalth of sxperi-

w

a
ence in plonesr FM work, Foar a few minutses ws will sntertaln

cueastions, I =m sure that hs will be vsry happy te ansusr

MR, WILEY P. H8RRI3 [Genersal Manasger, WJDX, Jackson,

Mississippil: Hae the studio-statiom lengthbeen developed, and

is 1% 2rac
MR. de MARS: The use of radlo o transamit the pro-

grem from studlo to ststlion ip =us old 285 the FM, The Yankse

30

Hetwork, = pionser ingtallation in Boston with studios in Boston

and transmitter in Paxton fifty miles 2way,.used zn FX studio-
to-station length, =n¢ thers havs besn nuwmerous casssg since in

-

which studio-to-station lengths have besn used. There 1ls no

@D
(o]
s
=

cuzetion about the technlce

B

1l end nomic feagibillity. How-

i

(}]

ct

on the frscusancy szpectrum, it

o

aever, due to the grest demand

T

hae besn necszsary to o2t up the assignsd frecuencies for ihis

sarvice in e region not very highly developed, and the manu-
facturers have been slo in developing and offsring equipment
in the band assigned. It is my understanding that squipment
is now being developed, =nd possibly has been developsd, and
will very soon be shown znd made availebl2 %to brozdcastsrs for
gtudio~to-station -lengths.

MR. BARRIS: 1Is the efficiency in every way
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comparable to that of the equalizedlinse, say with your tele~-
phone lines equalized to 15,0002

| MR. de MARS: There is no gusstion but what the
studlo-gtation length can meei all of the requirements &g to
freguency range énd, in most cases, on the basic of the sconom-
ics involved can attzin the standserds of signal nolise in dig-
tortion, whars ths telephone line facilities cannot.

UNIDERTIFIED LwBDL]: You made a statsmsnt that FM
will override AM, How, inasmueh a8 our telephcne lines or
chain broadcasts are limlted to around 5000 cycles and, at
lsast for a chain over a long renge, 1%,000-cycle response is
oractically out of ths qﬁestion, do you Tigure that AM will be
overridden by FM, =2t least for chain broadcastst I am inter-
soted in it, because I would like to know whether, when we go
into i% this fall, or maybe five years from now—-

MR. de MARS: I hops thst .others have not miscon-
strusd anything I have said to the effect that F¥ is going to
override AM, I think the point of thse queétion is, How,:in
the face of economlcs, and go Torth, is FM going to hold its
own when the cost of distributing it, and so forth, ic goling
to be so much greater than AM? Is thsat, perhaps, correctt

There sre a lot of answers to thet, end I would like
to leave it thic way. Thers is going to be a demonsiration
given to you gentlsmen here of FM end it is going to demon-

strats to you how programe can be relayed from sfation to

31
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station‘by F¥M. I call your attention %o the.rapiq growth and
succesg of the 'Continental work, which 1is carrying lits programs
from shation to station by picking up and rebroadcasting those
programs from one of the sbations of the chain to other sta-
tions beyopd.

Do not misunderstand. FM is not going to work on a
nation~wi§e basig for stations picking up and rebroadcasting
programs, but that procedurs ig going to be a big factor in it.
As the demand for 15,000-cycle facilities increases and grows,
the common carriers are going %0 find waye of supplying that
service at costs which the broadcaster can afford, even though
at this time they are greater than AM and appesar to the FM-ers,
who sre working in the red, as a sort of impossible limitation
to further growth.

MR. O. K. GARLAND [Chief Engineer, WJHL, Johnson
Clity, Tennessee]: There is ons gquestion that 1 sm particularly
interested in: that 1lsg about our transmitter, If you locate a
transmitter on a hill opanygﬂacs elge and make measurements
or maks observations of covarags, say, of 250 watts, then go
to 10. kilowatts within the range of the 250-watt transmitter,
do you' think that theee sight measgurements will.be very power-
ful in determining the coverage you would receive? What hap=
pens to the fluctuation?

MR. de MARS: If measuremsnts are made with 250

watts, and carefully made with all of the precautions that are
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necegssary in these hizgh freguenciss, they ouvght to be an exact
indication of the perforaance thai will be obteinsd with 10
kilowatts., It is not a matier of power so much 2¢ it ic @ miat--
ter of distancs.

You will recsll the Tirst slice thrnt I put on.
BeyonG a distance of, gay, twenty or twenty-Tive miles with a
560-Toot antenna we bsgin to get fluctuatlons in signal
intensities Gue fo the westher.

Obviously we have either To compare a serien of
maasurements, sey at FTifty miles, with a 250-uwall Job and a

uee e night

oy

10-kilowatt job in order to get agresment, bec

have msde the Tirst measursments when we were having supser

ot

he atmosphers, and we might have made our chsck on

refraction in ,

the higher power when we were having substandard conalitions,
Bt th=at does no% change my original statement thal msasure-
.menfs at low powsr do represent yhaet we can sxpeet a% high
powser, but it doss not teke into considsration the propags—
tionsl chesracteristics of this bhand.

I would say thet measuremsnts beyond twenty-five or
thirty milss, unless the sntenna i =mong top antennaeg, would

not be of toc grest value, unlsss they are made over = period

of time.

-

MR. GARLAND: Wwhat would you concider the lengih of
the period of timet whether it was made in daytize or nighi-

$ime or both-~ In other words, would the change in temperaturs
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in daytime dus %o coamic Tays, w2 will eay, =nd so on and go
forth, have very much effsct on refraction, and so on?

MR, de MARS: The changes in signal intensity due to
atmospheric changas go through a daily cycle,whileh lg zimilar
all ovsr the country, =«nd a g¢eagonzl cyele, So if we wented

to geot measursmente that would check, we wculd really have o

b3

o through almest a yzar, However, the srror can be rsducsd a

great G622l by choosling th2 wsather and the time of ¢ay.

ccted or disturbed, that is,

3
——d
-
[T
N
e
G
e
r.l
U
i)
5]
[}
‘—l
O]
]
o
3]
+h
rh
o

propagation is mestsst the theoretical during the middle of
ths dsy. Rsfresction normelly increasess 2nd signals ries in

Lan

the evsning, being high during the n.ghit, but aleong durinz the
middals of the day, =ay from ten in ithe morning until two or
three in the aftsrnocn-- Also, conditions will be disturbed

ir mas:

N
5]
D

during ths passage of 25, thst is, passages of <old

winda, werm windsg, or any marked changes in the wsather. DSo |
if we chocas to make our m2ssursments uncer conditlons which
repracent meat nsarly so-called standard otmoaphﬁrn or the
median condlitions, we can sliminste a lot of errors.

A good time is vhen the alr ie clear, = modsraise
bresze 1s blowing, Just & nice dGay, rather than
period when 2 ctorm is epprozsching or z storm is receding or
there is scme meteorologlcal disturbance goling on, Under

thoge conditione ynu are going to get your maximum desparturs

from errorz,., %o in order to limit the amount of time and
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reducs your errors, make your measurements during the middle
of the day Suring sstiled weather which represents geagonsble
weather for that ssason ol th2 y=sar,

CHAIRMAN TOWNER; I regret that our time is running
out here. Psrhaps Mr. de Mars will be kind enough to answer
some of your cuestions afterward. I understand that his.
organization will h=zve s sults cver at the Ambéssador, and
perhaps you will catch him there.

MR. de MARS: V%e will be very delighted to have you
peopls drop in and discuss your probleme with us if you would
1ike to. Thank you., [Applause]

CHAIRMAN TOWNER: Our next paper is "Audlo Consider-
ations for Broadcasting Stetions, Dealing Principally with
Improved Physical snd Electrical Operation." Ve are very
fortunate in having Mr, John D, Colvin, Audio Faclilities
Enginser of the American Broadcasting Compsny, to bring us
this paper. Mr. Colvin, [Applausza]

MR. JOHN D. COLVIN [Audio Facilities Engineer,
Americsn Broadcasting Company, New York, New York]: I am not
moving this microphons %o exerciss a prerogative of a second-
rate artist, but I am trying to achleve the Maxvell effect.

Is this about right for a speech, Mr. Nixon? It is about

As I talked with Dr. Howard a month or so ago when

the éubject of this paper came up, I asked Doc what sliould be
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considered under the topic of "Audio CGonsiderations." Doc
started out very enthusiastically and said, "Well, we ought to
include studio design, studio construction, studio switching
systems, conslder master control rocm leoyouts, msster control
room systems, recording rooms, whet modifications we might be
G¢oing, then, at ABC to modiry the standard communicetions type
of equipment, a whols long 1ist of such things."

Then Doc added, "And you must give it in thirty
minutes.® {baughter] |

Any one of these subjects, to be propsrly covered,
would take at lesst 2n hour =znd a half or two hours, so 1 have
cut it down gulte 2 Dit.

Another thing Doc zaid was, "Do not réad your psper."
That rather took the wind out of my salls, but I guess Doc
meant it, because yeaterday afternoon Doc's szeretary took the
only copy of the paper I had away from me; he sald 1t was for

T

ths pregs. ¥Yhat th s needs ths paper for 1 do not know,

[

pre

[}

but the only thing I have left is a slip of paper, =o,
gstripped for action, I will procsed with the paper, because I
only have twenty-nine minutes and thirty seconds to give-the
thing in. (Laughter] . I will Just give you what I intend %o
cover im this hslf-hour period.

Ths suggestions are things that we have been dolng
at ABC Headquzrters in New York. ©Some night seem simple, but

they were done for reasons. The first one covers microphone
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switching with regard to 1its connection with the speaker inter-
locked relays; =2lzo, cubtting of turntables and two definite
mathods of operation of turntables showing some of ths latest
devices we have developed fthere at ABC; 2lso, ﬁhe subject of
noigse depressors will be covered in soms dstall. If I may
have the first slide, we will get going here,

[g1ide] Spesking sbout microphone switching and
turntable inpubs, this block diagram of a studio that we
reacently installed at our outlet in Hollywood, KCA, this par-
tiouler diagram, represents s block diagram of the setup that
we used, and it covers pretty well whait I want to say sbout
microphone switching and one of the methods of turntable
operations, _

Let me %21l you what this studio is designed Tor,
You know, all the programs that go out of New York ana Chicago
to Hollywood during the daylight saving perlod are recorded
out in Hollywood and are then played back.at various times on
the different lanesg that go out of Hollywood. So many records
had to be played as a result of this that we had to set up two
new studios with snough facilitiss to handls all these records
that are played. Thus we have the two turntables and the two
microphones. One microphons is for local statidn—break
announcemants and the sscond one for occaslonal news broad-
casts that might originate in thigistudio.

Since the snnouncer's mike is turnsd on and off
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see that we allow the announcer to have an on~off push button
to turn his mike on and off as requirsd. That is about all
you can allow the announcer on the ¥Wzet Coast To éo. [Laughter]

These 1little blocks indicate the on-eff push button
on the annouvncer's pénel. The operation of thess on-off but-
tons through a relay turns the mike on and also operates the
Bpeaker interlocked rélay.

One thing that we are concernsd about nowadays in
equipment design 1s to eliminate as far as possible any
switches or relays in s2udic circuits. The fewer you have, the
lszsa trouble you are golng to have from them, espeeclally keys
and mierophone oircuits. It used to be, when we designed
studio controls, that slmost invariably you would find ths
microphone switches on top of the fader;, and the announcer had
to turn the mike switch on. Somstimes he might forget to do
it; other times, in the h2at of the program, he would accl~
dentally knock this key off. So we trisd %o leave thosse
owitchesz off a8 far =28 possible. The only times when a switch i
is requlred is for operation of the spsaker interlocked relay,
that is, the speaker in the studio. In this ecase, since the
mike was turned on and off by the announcer, we sccomplished
it by relay operation. As I pointed out, his relay phone 1is
at the microphoné. T will show you later on Jjust how this

interlocked circulit works out.
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Ths s2cond miks is turnsd on =nd off by the control
room operator, Hs simply opens up his fader, and the mike is
hot. Ws still have to turn off thz speaker in the studlo, so
%e accomplish thig by having %thz Daven Company pub a mika
switeh on the back of ons of thsir standard fadsrs. As soon

as it haes been turn=d on, the switch operates, the speaker

2
relay takes hold, and the speaksr goes off., You have no nesed
of any time-delay zciion in this case bstween the coming on of
the microphone and th2 going off of ths speaker, becauss the
fader is now in operation and you have an attenuation which
prevents any -.acoustic feedback., In the casge of ths
anncuncer's mike, which comes on and off with the fader hot,
come relay operation had to bz achleved, so we Gid not get the
feedback betwesn miks and gpsaksr,

While we 3%1ll have this slide here, I want to point

®

out thz one method of turntable operation. Thers ars some
cases, such ag the on2 that we ars talking about hers, vhere
the spesd of playing of records 1is not great; in other words,
almoat all records played through the studio are half-hour
ahows or Tiftesn-minuts shows. Playing the record for fifteen
minutes.gives the control operator plenty of itime to cue up
his next record, and the switoh~oyer very simply sbtarts up the
other machine and carriss on, He has time, and everything

runs very lovely, In other words, it is a turntable sstup im

which ths control room operator runs machines,
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To attain a cue, we use Daven's recently announced
cue attenuator, That, as you perhaps have found out from read-
ing the ads, will turn the fader off when it has gone back to
its opposition, then the input fader goes to what is called
cue terminals, That is indlcated here by thig switch, Eo the
opposition circuit comes down through this circult through an
amplifisr into the cue spsakers. As a result, there are no
swltches in the program part of the turntable circuit.

Sincé delayed broadcasts sre being played from here
and many of the shows sre of half-hour lengths, it is necessary
for us to have rapid getaway at times between one or two laps
cf supposedly half~hour shows. To accomplish thisg, we put a
key over the sttenuators for these first two machines, which
in this position takse the outward.

[Slide] This is a little sequence style of sgpeaker,
Thees two gwitches indicate the on-off button on the announcer's
panel,

The first thing thset happens is that it opens up the
output on the amplifisr circult. OContacts then pull up RL-L.
The third thing that heppens through interlocked contacts to
RL~3 is that RL-3 pulls up, snd the speaker circult is again
broken at this point, although no slgnal is now goinyg through
it. The output is pushed, RL-2 falls out first, anc the |
amplifier then goes over %o this point [indicatingl], doss not

get into the speaksr,
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The next operation gequencs 1is ;hat RL~1 falls out
and disconnects the microphone presmplifier; and, lastly, RL-3
then closss, 2nd the speaker circuit 1s complete, This opera-
tion tekas place quite rspidly. There are no spscial relsys
used, cuch as slow opersting, but the delay ls suffliclient to
prevent gpesker Teedback, Mile 2, which used the miks switch
on the back, simply opens into RL-3. When the fader is open,
RL-3 pulls up, and the spesker is open, the sequence not belng
neceesary on the next, bscause of the attenuation left at that
time,

[81ide] This is a picture of the mieroswitches that
Daven hzd on the standard asttenuators. We required two mike
switches in this case, one whlch opsrated the relay, the sec-
ond one which opsrated the indicator light of the studlc con-
trol psnel, We could not gst enough contact on our relay, so
we hed to add another mike switch on the back to operate this
indicatiﬁg light.

[81i8e] This is 2z view of the control pesnel usasd in
KCA control. Thies fader is the one for Mike 1 to turn on and
off in the announcer's hands, Miks 2 has the m;ke switch on
the back and,opening up, the fader fills the studio speaker.
Hera are the thres {urntable faders, the cue position with the
off position of the faders. This is the key for halfway
betwsen TT-1 2nd TT-2. The other gadgets on the panel are

normal for KCA's operation. This switches the lights that
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operate the master control system,
[Slide] This ig a visw of the studio as completed.
The econtrol panel that you just saw-- These two turntsbles on

this side are the onesg used primarily for playing delayed

)

broadcasts. The third 1s used to put on local cpots. The very
tip of the announcer's control box cen be gsen at the top.

{81lide] This now gets us into these two methods of
turntabls operation of which I just spoke. The first one was
the ons that you saw of the.KCA setup where record plsylng goes
on at a slower pace, but we have running conditions where
record playing procsads ot a very rapid rate. This was brought .
home to us véry plainly end olearly with the rescent starting
of the Pzul vhiteman Club show out of New York. Since Paul
w¥hiteman has gene in for disc jockey business, it became neces-
sary to provide special machines to handle hls type of -program.
One msh in. this case rune the turntables. He is kept so busy
cuing up records, taking spots out of this one, taking a spot
out of another oné, running from 86 to 78 to 33, that it takes
211 hig time to keep these machines in operation. Another
operator opsrates the fader that controls Paul Whiteman's
microphone,

In order to make it =asy for the operator to accom—
plish 2all the things he has to accomplish, we made, first, the
addition of this - escutcheon, on which is mounted the vertical

attenuator, mounted horizontally, and the motor switch. To
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operate the thing the opsrator first has to cue the record up,
so he starte the mechines by clipping his thumb on the switch.
The machine gtarts, and he listens for the cue. He stops the
racord with his hand and turne off the switch with hie thumb,
backs up the record, and makes the turns necessary by starting
the machins to going on the way. To put the machlins on the
alr there are two ways, a running start by switching the AC
switech, or he can start it by holding the record, turning on
the AC switch with hils thumb, and at the propser time letting
go of the rscord. It works very nicely, either right-hand or
left-hand.

Another addition to the turntable is this strange-
looking thing you see on the RCA turntable. We had heard quite
= bit s2bout the CGensral Elsctric pickup and had tried ssveral
-:ithout too great results until this tone erm came along. A
csleasman Trom the Research Development Company happened in the
office ons day and said, "I have a tons arm I would like %o
show you! It is built with a GE cartridge attached to 1it, and
the Gray -.people have a filter which is designed for opera-
tion. We liked the performance of the setup so much that we
have more or less adopted the Raytheon and GE cartridge as
standard for playing records in ABC,

Some édvantages of this tone arm are its extreme
light weight:(only about a half ounce of pressure is required

to properly play the record); it is very free in movement,

3
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very well bullt; its point of tone arm resdnances is below
fifteen cycles. As yet we heve to find a record that will set
the arm in oscillation and cause it to skid across the record.
Preggure can be adjusted. The purposs of this is to keep the
mass ag low as possible and keep iﬁs rsgonance point down.

We have found so far, much to our surprise, that
after playing about 100 to 150 shellacked records on a GE
cartridge we have to take 1t out and replace it; it is worn
out sufficliently to cause distortion of the recor@as. Up to
recently we have been changing these pickups at the rate of
one s week,

[Slide] This shows a view of how we mounted the
verticel attenuator in the horizontal position. The attenu-
ator is msde by Tech Laboratories. It is mounted with a
couple of barg. Thisg is the formal operating arm of the
attenuator with a 1little extension shaft pulled up through the
plate, We did that so a2s not to have the rise and fall of the
attenuator knob on the outside of the machine. It swings
along mors or less with the movement of the turntable.

This, you can s2e hers, 1s peculiar with our opera-
tion in NBC studios. The turntable feeds into NBC-controlled
equipment, through whose equipment we do most of our operating
at present. We require either a minus 32 or minus 16. Minus
16 ig for microphone fadsr inputs; minus 32 is an esqual fader

input, depending upon where the machine is attached. Say we
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want a sixtesn output. This 11%519 arm glides acrosgs the
opening through which this shaft moves, The ghaft comss up at
this point, hits the bar, and stops, giving you a minus six-
tesn. This removes the nsceesity of the operator's having to
move it to & predeterminsd spot and trying to remember whers
he is. It moves itself until it stops, which aids the speed
of operation.i |

[S1lide] You csn see the 1ittle button that opserates
the ber that stops the attenuator,

[Ss1ide] This shows some further modifications macde
to the RCA turntabls. We added an amplifier to the set. The
level for pickups has to be brought to at least = minus 8ix-
teen. Thie black box is the filter supplied by the Gray
regearch psople. This is a standard RCA builder and RCA
switch,

[S1ide] This is the rear view of one of our ampll-
fying turntables. Again, characteristic of RBC operation, we
gupply detectors on the back of the machine for taking audio
out of the turntables and converting it into their standard
receptacles. The receptacle is for the purpose of operating
two of these machines at parallels. The same thing appliss to
the AC. This little connector on the bottom was intended for
remote starting of these turntables., It permits the operator
at some remote position to start ths machine if he so desires.

So far, we have not actuslly used this, but it is thers in

b5
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case the slituation arisss. So many situastions arise so fast
that we try to prevent them as much as possible,

[S81ide] This is a block diagram of %the turntable
layout, RCA pickup, GE pickup, fixed together with couple
resistors. Ws have to put this little step-up transformer on
to raise the level Jjust a little more for headphone operation.

[8lide] This is a view of the Paul Whiteman Club
setup as played from Studio AD in Radio City, New York. The
machlineg are mounted on dollies, bscause it is necessary to
push the machines out of the way for other programs to take
plaoe in the gtudio. |

[S81lide] Thie le the rear view of the turntables,
showing the interconnscting cords. The bars that yéu see
across here are quite interesting. Thege bars can be lifted
out, somewhat like the handle on a baby carriage, or locked in
place. Pulling these twe bars up and locking them in place
makes 1t impossible to tske the turntable out the gtudio door.
The way we operate NBC studios, we have tc guard our mschines.
I{ is quite smbarrassing to come into a studio two minutes
before air time and find your turntable missing. [Laughter]

[Slide] Paul Whiteman made it nzcessary for us %o
use cloth noigs depressors. He digs up some of the oldest
records.you ever heard, The noise level sometimes almost
exceeds the péak program, which 1ls true oftentimes of new

gshellacked records you buy at the cornsr store. So in order

L6
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decided to try the thing out. With the doctor's permission we
came back to New York and designed a lsyout which we turned
over to Commersial Radlo-Sound, who build most of our audlo
equipment for us. They built up this unit, which we have
tried out in the laagt wesk or two. It works quite well.

The basis of opersation of Olson's depressor 1is
dependent upon the characteristics of noies on a record. It
is quite en established fact that the noise level on a record
remains quits constant, regsrdless of the level of the recorded
program. It is generally found that recorded program psaks
run from thirty to Torty DP above average noise levels.,

The second thing that this type of noiseldepressor
is based upon ig the characteristics.of the germanium crystal.
Most conventionsl curves show only the lineal part of the
curve, and for most practical purposes it 1is a stralght line.
Very 1little invéstigation has bsen made of the curve in the
region where it approachss the axis, but if you will examine
the curve down at this point, -you will find that it begins to
bscome tangent to the line 2t about one-half of the input.

[81ide] This curve 1is probably not Jjust exactly at
the point. I% does not come down and bend that sharply. If
we keep our noise input within this reach, no output will come
out of the corystals; the noise is left behind.

Fortunately, though the curve does not concentrate

down at this point, it begins to bend up, and program levels
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of eight to ten lying on this bend of the curve have resulted
in considerabls distortion as it comes out of the orystal.

Here Doc used his ingenuity and created & filter
circult for removing distortion.

[Slide] This represents the characteristic curve of
a palr of germanium crystals for a full wave length. These
sre signals, which I have represented as noles. They are
increased very much at this level. To operate the noise in
thié region, the input program level comes out as well, then,
on thie level., Wwe get this peculiaf shape of curve dus to
cutoff in this region and a ocurve of that nature which, again,
ig not drawn gquite correctly. ©Such a curve produces many of
higher-order harmonics but, regardless of the order of the

dtetortion at present, it must be removed.
(S1ide] This is a block diagram of the noilse

depressor that we had up in New York. A filter of zero to
one~half AC, starting on the assumption that there is no nolse
on the surface of the record below one-half AC~- That is noi
entirely true. This is one case where the Scott - depressor
has 1t over the Olson. Any rumble or noise that might be on
the record will bte eliminated by Scott's where, on this, it
goes on through.

The band-passings were added, duplicate band—passings

with each crystal circult. On a programup to one and 2 half to

three rings pass through this Tilter, go through the crystal
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rectifisr, and only the harmonic comee out because of the
ingbility of this s2ction of the filfer to affect a size
higher than 3 AC.

Mentlion was made on this setup, as indicated, of
distortions that are less than 1 per cent, and we hope to get
that down further after we have the thing tunsed up a bit more.
The boy: who was. working on this went off and got mérried 3
week or so ago, and we have to wait until he gets back %o
ad just 1%¢.

These input controls are adjusted untii the optimum
noise input for best rejection is obtained, then the output
controls balance up what comes out of =2ach section of the
filter, so you get the best noise rejection for each band ahd
balanced output.

For over~-all contrcl, output faders are uged,
operating at a tangent; one goes up where the other goes up.
If you have a record whers the nolise output goes down the
drain through the noiss depressor, it remains constant. The
setup as shown there has a loss.

For best operation wg find that the input level runs
between zero and ten DYy thatﬁis, in order to get the proper
signal.

[S1lide] This shows s view of the noise'depressor.
%e have thres switches which cut the erystal in and out, sub-

stituting in its plece a resistor. Ths object of this 1s to
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provs to psople that the crystzls actuslly do cut the nolize
out. They will say, "That is some funny filter action you
have there," so we sctuslly flip the crystsl out, put the
resistor in its place, and the nolsge comzs out,

[Ss1ide] This is a top view of the chassls, using
UTC adjustable reactors for simplicity in tuning this particu-
lar one up. Once its consonants ére all sstablished, we will
probably use preset conductors. The radio crysials are
nounted on these tubes.

Thgt'concludes the glides. There are several appli-
cations that I would like to mention that have been suggestsd
for the use of nolse depressors ln addition to'removing noise
froﬁ records. Ons 1s the case of applsuse mlkes in studlo
audiences. It is oftentimes necessary that the applause mike
be turned off while no applsuse 1s goling on; bthsruise, the
coughing and rustling around of the people in the audlence
would bs picked up in the circult.

I ecannot think of the othsr application at the
moment, so we will call 1t quits, because the tims is up.
Thank you. [Applause]

CHAIR¥AN TOWNER: Thank you, Mr. Colviﬁ.

Now we have a very few minutes for s few questions,
and I am sure that while Mr. Colvin is here he would be very
happy to answer them for you.

MR, CHARLES SINGER [WOR, Milwsukee, Wisconsinl: I

n
)



Lhicago Ulaveland

* wenerat Keporung

T vanvenuons

LAW JLeNUgiapny

asauigLon

New YOorx

\n
™2

want to ssk you a qusstion. I presume that that was an ET
studlio where you had that console of your original prescription.

MR. COLVIN: Yes, tha% was an ET studio.

MR. SINGER: Where racdio stations havs investments
in smsll studlos, ag the art progresses, the manufacturer
comzg out with a very superssnsitive microphone and, ag you
place thess microphones in these small studlos, your studios
are quite booming. 1 wonder whether you gsve any considera-~
tion to ths use of dialogue equalizers on your microphone
circults.

MR. COLVIN: 7¥%e dicén't in this particular case; we
simply put the mike in there and turned the announcsr on,

MR. SINGER: Ve have trizd it in four of our small
ET gtudios.

MR, COLVIN: There are gome gresft advantages to
dialogue equalizers, and we have consldered the use of then,
but as yet we have not gotten around to it.

CHATRMAN TOWNER: Have you thought of that other
apvlication yet that you might add %o your spéechz

MR. COLVIN: I cannot; my paper is gons.

MR. BOOKWALTER [KON]: This might be a 1little off
the track. How about grounding one gide of the linesv You
do not run very far with the ground at one side, do youl

MR. GOLVIN: Thst is a very controversisl point of

discussion, not only among broadcast companies but even our
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ovnt organization, We argus for ourselves ac to whethsr we
ghould operste unbalanced or balanced. I was brought up pri-
merily in the balanced school., Perhaps I cannot givs you
greatly valid reasons why, but so far I have gotten into very

1y
Ji

4

trou~

)

L"

1ittle trouble by using balancad circuits. Host of 7
blss I sver had I got from working with unbalanced clirculis.
Thzt iLs not aluaye true, bscause there zre plenty of unbal-
sncad circulits opsrating very well todszy.

Incidentslly, thls console uses unbzlancel clrcuits
in it. %We have no great trouble as a result, but I prefer to
ks=2p balanced.

MR. BOOKWALTER: You mentionsd trying to get away
from relays. Hss snyone trisd any of these vacuun-tyve relayss
I want somebody to experimsnt for me, ias anyone
trizd it out yett

VMR. COLVIN: we had = 1little attempt at it when I

wag in RCA out in Indisnapolis, but the general construction

-l

of ths type of relays that you gzt 1: so weak and wobbly that

we hesitate to uss them. There may hsve been recent advances

in design over the ones we tried out there. I have found that

Ry

if you take a good, rugged relay, you will probably have no

<3

by

rouble over a long period of time., They are gelf-cleaning
contacts. Unless you sre in ths region where the molsture
ruane high, you should not have =zny trouble

¥R, 3INGER: I merely want to substantiste whalt you
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g2id sbout unbzlanced. For those who are interested in golng
into FM I strongly rzcommend that you do not go into unbal-~
anced, because if you sre up on top of a building Tour or five
hundred feet high, you do not have any ground. You will spend
weeks 2t it, so I recommsnd that you do not do it.

MR. PHILLIPS: There geems to be a tendency to get
sway fTrom the uss of cotiton braid over ghielde for audio; is
that trust

MR. COLVIN: I would not say so. It Jjust depends on
what you mean when you szy "cotton braid." Insulation pri-

arily over the metallic braid might be cotton or rubbsr or
gome of these others, In low-level circuits in microphone
levalg I believe it 1is very advisabie to run them in with
ingulation over the shield. It has been dons without the
insulation over the chield, probably due to the fact that
evaerything remained culite steady and withoﬁt any vibrstion,
buf on 1ow~1éﬁel circuits I would 2lwsys adfise using the
ingulated shield,

CHAIRMAN TOWNER: Thsnk you, Mr. Colvin.

Now we have the very greest privilege of hesring from
our Pregident, Judge Justin Miller, wvho will offlicially greet
us. [Applause]

MR. JUSTIN MILLER [President, Netlional Assoclation
of Broadcasters]: Mr. Chairman, I sm very happy tc be with

you this morning. I have not besn going to most of these
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clinics, but I felt a particular obligation to the englineers,
sgpecially because NAB may seem %to have been neglecting you
during the last couple of years preceding this ons,

I think you will agree with me that we have taken
the first strong steps toward the revitalization of our engi-
nsering departmsnt., We have found you o man, in whom you can
heve as great confidence as have I, to direct the operation,

Doc Howard's path and mine have crossed in strange
ways across the years. Now we are together on the same team,
He is s man of fine experience, fine imagination. He knows
how %o £1t the gpecialty of enginesring into the larger pic-
ture, integrate it, emphasize i%, and make all of us reallze
its importance in the over-all.

As a matter of fact, I have always been inclined to
regard you folks more or less as the gods of the machine. 1
confasa that if thers is anything I do not know about in
brosdcasting, it is enginesring.

I am accustomed to speaking of the mjstery of pro-
fegsions. 4we lawyers have a mystery. As you know, some of us
1ike too much to hids behind it. The $64 words of ths law are
almoat as bad as the $64 words of engineering. I have always
had = desire, as a lawyer talking to nonlawyers, 10 help them
get away from the mystery and bring it back to a common-senese
basis. Doc hag very much the same dlsposition, and he-has

been giving ms s liberal education duriﬁg the last few months.
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I think it is very importent that we get rid of the
nystery which has snveloped this business, this industry, this
profegsion so much, that we make the broadeasters realizs just
how importent your work ls, not only on the demoecratic level
but on the internationsl level. Most of th2 broadeasters,
espeecially on the management and ownsrship level, have almost
ne appreciation of the significance of the gnginsering prob-
l2mg on the international level.

Of course, you can lesve them that way if you want
o, but it sesms to ms that 1t would be much wissr to nesdle
them into understanding, evsn for their own good, thsir own
protection.

Certainly it is not necessary to emphasize the
importance of this subject at a time like this, when the ITC
high frsguency confersnces are in operation here. One cannot
it in the s=ssions of thoss meetings with the distinguished
rapresentatives of all the nations of the world and hear their
discussions without realizing how significant ana how impor-
tant thst internstionsl background is., If we are goling to
play an intelligent and ueeful part in it, we must Enow some-
thing about it. Some of the legal phases of it the others are
prepared to handle. The more difficult phases, perhaps the
more importsnt phasss, are on the level on which you work.

I am going to talk ebout the subject to somes sxtent

in my =addressg tomorrow, trying to get a greater understanding
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and appreciation., I hope that both here and at home you will

go to work, if you have not already done so, on management and

ovmership

and impress them with the importance of it, s thatwe

can get ths kind of backing, the kind of understanding, that we

should have in the enginesring ares.

It ie a very grest plesasure to welcome you; it is »

great plsasure toc see some of the representatives of the other

countries

hope that

time, 1=%

sent2tive

here, I hope that you are having a good seesion. 1
the reat of your mesting will be equally successiul.
Although you haves been working wita Doc for come

me present him to you officially as ths new rsprs-
of NAB and our diplomatic emissary. L[Applause]
CHATIRMAN TOWNER: Thank you, Judge Miller.

We will now adjourn this session until two ofclock,

vhen we will resume and pick up the papere that we did not

h=avs {inmse

for this morning.

[The Conference adjourned at twelve-~five o'clock.]
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MONDAY AFTERNOON SESSION
The Conferencs reconvaned st two-fifteen o'!eclock,
Mr, Royzl V. Howard, Director of Engineering, National Asceocli-

ation of Brosdcaaters, presiding.

3

CHAIRMAN HOWARD: The meeting will plesse come to
order,

Oour firsf spesker, Mr. G. Porter Hougbton, Chief
Engineer of WCBM at Bsltimore, will discuss "Transmitter
¥eintenance for the Smsll snd Medium-sized Stations." Hr.
Ecuston! [Apvlausel]

MR. G. PORTER HOUSTON [Chief Engineser, WCBM, Balti-
more, Marylandl: OFf the several appgroaches to msintenance,
there seenm to be two that would have special spplication to
small atstiong. First, I could give the details of "do thig"
~rnd "do that," including charscteristic troubles and remedies.
Sscondly, I could déscribe basic maintenance methods, smpha-
sizing those vparts that apply varticularly to the small sta-
tion. Since there are now many different types of smalli sta-
tions, and since detailed do's anc dont's could, therefore,
become guite voluminous, and since mos?y smallfstation'men move
on to the larger statlons, I propose to describe a basic
maintensnce philosophy, giving as much detall =& possible in
the limited time alloitted o ithis paper.

At thiszs point I will define the word “maintenance"

in the senses in whieh 1t iz vs=2d in this discussion.
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M~intenance iz considered any duty, operstion, or task that is
necessary or sids in keaping the equipment functioning st
ontimum performance. Maintenance of the station, then, can be
divided into threes major parts

(1) Operstion, which is msintenance of thz station
~hile on the ailir,

{2) Preventive maintensnce, which is work done wnile

the astation iz off the air.

]

(3) Trouble-shooting, which is the analysis of =n
sbnormal indiecation for preventive maintenance ¢r mainienance
of the station th=t is off the air dus %o brsakdown or the
naecessity of sn unusual adjustnsnt.

Thesse threg parts are not independent and dlsagsocli-
ated; on the éontrary, they are closesly Gependent, ons unon
the other, for the best and continued functioning of the sta-
tion. The purpoge of this paper is to show the intim=ate con-
nszcticn bhetwesn thsss thres and to assign to 2ach ths proper
v~lue,

Part (1) is operation, on-the-air maintenance. In
operation I want to emphasize the imporiance of proper siari-
ing, the importsnce of kesping s log, ~nd the importsance of
proper stopping. Assuming that the ststion has been correctly
inszt=1l1led and is in good overating condition, ths oroper

I

gtarting procedury, with an accurate observation of the ¢ica~-

tions while so doing, assures the engineer that hig staticn 1is
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in perfect operating condition, This means much more than
simply pushing a button, then at some future date haphazardly
reading a few meters. The sequence of operations is most
important to the corresct starting of the station.

Correct starting sequence, with indications, is
usually given by the manufacturer, or it should bs detsrmined
at the time of installation by the engineer. Briefly, a but-
ton is pusghed or a switch is thrown, a meter, or a few meters,
will be read; a relay kicks in; some tubes light; perhaps a
transformer hums; all of these things willi occur if they are

normsal indications, and should occur svery time the transmit-

60

ter is started. Later another relay drops in or another switch

is thrown and some more meters are read, and so on,until the

entire transmitter is in operation.

Indications are principally visual and audible; mefer

readings, relay clicks, glowing filaments, transformer hums,
are all indications of operation. Each transmitter has its
own unigue combination of these indications. Fallure of one
of these indications to occur in the predefermined sequence
and in the required quantity indicates trouble, and this
abnormal indication (nonnormal) slways indicates the clircuit
and, generally, the eiact location of the trouble. If all of
the switches and buttons and knobs asgsociated and used for
starting are operated in the proper sequence and the normal

indications after each operation are observed in turn, it
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follows thet the transmitter must be in normal and correct
operating condition., I will have more to say about this
starting ssquence later on,

[S1ide] A short time after starting the transmliter
it is advisgble that a log be made of all meters and zll
importent indications associsted with the transmitter ana
thereafter, once every two hours if possible, to record again
211 meters and normal indicatlions, repgating up until closing
time. If this cannot be done every two hours, at least three
times during the opserating period this recording of all meters
should be made. This is %o obtain a record of the cold start-
ing conditions in the transmitter, the warm running conditions,
and the conditions that continue to the end of the day.

[S1ide] This log, of course, is for maintenance
purposes and does not consider transmitter readings raquired
by the FCC evéry half hour. 1In some stations 2ll metsrs are
read every half hour, and in these stations a geparate FCC log
will not have to be kept.

This log will, if the suggested readings are made,
show as a minimum ths starting conditions, normal hot running
conditions, and conditions at the time of closing down. Any
gppreciasble changes in the meter readings or other zbnormal
indicstions should be régarded with suspicion, unless it has
been determined through experience thet some meters do opsrate

within narrow limits du2 to changes in temperature or changses
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in line voltage during the day. Deviations from the normal
indications show that a change has taksn place within the
transmitter, thst s tube is losing its emission, that a con-
denser is overheating, et cetera. These abnormal indicstions,
when noted, sre subject for immediate investigation and remedy
after closing down and then become a part of preventive
maintenance.

As distinguished from the short interval changes
just discussed are the long interval changes, changes which
take vlace over a considerably longer period of ftime, such as
one month, two months, or six months, or longer. To readily
detect these, it is advised that at. some period during the
day, say at noon, a series of readings of all meters and all
indicstions be mads snd entered on a log sheet and that every
day at the same time a similar serles of readings bs entered
on this log sheet so that by the time the sheet is filled you
will have a record of perhaps a complete month! s operations on
the one shest. In practice this means merely copying the
regular readings at one predetermined time on the same kind of
a sheet used for the daily readings so that this one particu-
1ar shest contsins twenty or thirty readings, one reading for
each day. Then, with the whole month's readings before you,
it is easy to observe I any reading has changed in the month,
and so on for the successive months.

Again, significant changes in readings indicate an
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aging tube or cther impending troubles and, again, provide
special subjects for preventive maintenance. These m2thods of
observing short and long'inﬁerval changes enable ths operator
to predict impsending fallures, and prompt corrsction avoids
breskdowns. Thus it can be seen that the consclentlous keep-
ing of the log while in operation ig the first, and probably
most important, step toward preventlve maintenance.

In stopping the transmitter, as in starting, ths
transmitter should be clossd down in a predeterminsd sequence.
This need not necessarily be the reverse of starting but
should be a ssqusence that will give the most in number or the
most significant indicatlions, indications that the transmitter
iz still functioning normally. As in starting, abnormel indi-
cations should be analyzed and referrsd to Part (2), Preventive
Maintenance, for correction lmmediately upon shutdown.

Preventive maintensnce is work done while off the
air. Duties performed in preventive meintenance come in two
major groups: (1) those duties demanded by the abnormal indi-
cations while in operation, and (2) those duties that are a
part of thé basic inspsction routine., The preventive mainte-
nancs duties demanded by abnormal operation should be obvious;
therefors, I will pass on to the basic inspection routines.

[81ide] Thess preventive proceduree have been

described in detail by Charles A. Singer in hiec articles on

preventive maintenance published in Communications in June,
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July, August, September, October, «nd December of 1S4&, to

ch I refer you for the compls revzntive naintenaznce pro-
cscures., Mr. Alfred E. Towne will cCilscuse in cetall urevantlive

mzintenance for ths medium-slzeld gtrtion.
[814i6e] I have %time to outline only brisfly these
nrocedures ané their sapplication to the small station. They

-

are: feel, inspect, tighten, clean, adjust, lubricnts, =and

measure, the first lettsrs making the easlily remembsrel word

[Slide] Fezl generslly for heat; heat always indi-

cates losses. Abnormsl heat in = coniznser shows an overloaded

yn
he)
n

or aging 2nd failing condenssy; in trensgformerg Metors, con-

tzets, luge, terminels, sny hsat or sbnormsl heat predietis

()
™
oy
;:
o]
o
p-h
B

ailure., Lugs, terminzsls, and contacts ehould hs co0l;
condensere, transfermers, and motore generally warm, but net
too warm, so that you cannot kesp your hand on them, This may
auply to resistors, but bs careful of a burn; some rezistors
normally run at cuite high tamperatures.

[S1id2] Ingpsct for clesanlinesz; ingpscet insula-

~

tion; inspect for

ct-

Art, rust, corrccion; inspect connections

< );

H

and ta2rminalis for tightness and contscte FTor pitting, =%

czters, Tris 1z a gensr2l visual insiection of tha transmitter.

g

Tighten terminale, sgwitch contactsz, mountings,
serewe, fan blades, couplinge, shislds,

By

Cle=zn terminzls, cle=n contacts,
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clsan out rust or corrosion, clean where Tilters are used,
clean insulators =and high-voltage conductors and insulation
assocliated therswith, Cleaﬁ brush holderg on motvors, if any.

Adjust coupling, relayas, safety gaps, blas voltages,
filament voltages, in fact, any adjustment in which the stand-
ards are incorporatsd in the transmitter.

Lubricate fan motors, dashpots, bearings, contacts,
hinges, locka, et cefera.

HMsagur

()

implies the use of external standards, such
as meters, gauges, or other measuring equipmernit. This opera-
tion includes the adjustments of filament voltages where an
external meter ls requirsd to measure the voltage. Such
meagsurements as Crequency runs, nolse, dlstortion, modulstion,
and Trequency measuremenis are typical of this group.

All of thess procedures apply to the smsll station
and should be performed at regular intervals. I would like %o
call attention to the "fzel" procedurs, which may be neglected'
by the small-station operator. Condensers wear out; so do
contacts. Lugs and terminals sometimeg become looge. A heat
test by Tesling generally reveals thege abnormelities long
before they become serious, particularly in the case of con-
densers carrying radio frequencies. The "feel" test will
nearly always reveal an overloadsd transformer., Thege routine
inspectionsg should be made as frequently as possible, always

as socn Tollowing close-down as practlcable, and espeeizslly
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for the heat meagurement, and in any case not leéa than once
per week, It ie my belisf from my experlence snd observatlons
of others that routine preventive maintenance for the small
25C-watt atation requires approximately three %o fivs hours
per week,

A modulstion monitor is very handy for making fre-
guency runsg on th2 transmitter where the operator has an audlo
oscillator available., As 2 suggestlon in making freguency
rung, adjust ths percentage of modulatlon to 50 or 60 per cent
moGulation rather than cloge to 100 per cent modulation. The
madulation monitor also indicsates excessive distortlion whizn no
other meang are available. Apply a tone (sine wave) to the
transmitter and adjust to 50, 30, and 95 per ceni modulation,
checking positive and negative neaks. Excessive peak unbal-
snce lndlicates excegsive d stoftion or poor rectiflier regula~
tion, ~Experience with a particular traensmitter will indlcate
the asmount of unbalance thet could be consldered normal, but
any unbalance greater than 10 psr cent should be regarded ﬁith
sugpicion,

In Glaés B audio modulated transmitters one modulator
tube mgkes the positive pesiig snd one quulatof tube mskes the
negetive peaks. The modulstion monitor, therefore, is a guick
check on %he goodneas ¢f sach of these two tubes. They should
te frequently checked in daily operation; this is a flasgh~back

to operations and the log sheet. Excessive modulaticn peak
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unbalance will indiecate that one or the other of the modulator
tubes is falling, with a consgequent increase in distortion.

In grid modulated transmitters an unbalance in the positive
and negative peaks usually indicates incorrect bias or incor-
rect excitation adjustments in the modulated stage, generally
the final stage, and indicates distortion and a need for
adjustments. I suggest that every engineer examine hie trans-
mitter in this respect and mark the positive and negative
modulator tubes or determine the limits of blas and sxcitation.

Part 3, Trouble- Shooting and Repalr, 1s analysls or
maintenance of the transmitter when 1%t is broken down, mainte-
nance with the ldes of returning it to a normal operating con-
dition or restoring service. Without spending time Iin ths
history of the development of this method of trouble-shooting,
permit me to say thet a man need not be a2 natural-born trouble-
shooter; trouble-shootsrs can be Trained,

[81ide] This trouble-shooting is based on a logical
snalysis of the ecircuits involved and antiquates trisl-and-
error methods, tﬁe hit-and-miss methods. It is a character-
istic of this method thst 90 per cent of all trouble-shooting
is done in advance of any trouble, leaving only 10 ver cent to
be done at the time the trouble becomss apparent. At your
leisure you may ponder on the timesaving advanisges in a criti-
cal situation.

This trouble-shooting system is based on the start-

stop procedure, and herein lleg its direct connection with the

67
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start orocedure in operation., Ths starting steps are identi-
ca2l, The indications are identical. The abnormal indications
(nonnormal indications) identify immediately the group, com-
panent, or unit of the equipment that ig defective or in mis-
adjustment. The corrective measure follows immediately.
[{81ide] Thes manufacturer installs various push but-
tong, switches, and controls used to start operation, control,
and eventually stop the equipment. Each switch or control
commands or regulates a limited group of componsnts., For
example, in a small transmitter the starting switch operates a
line relay which turns on all filaments, all blas voltages,
and the plate supply to the crystsl oscillators. The indica-

tions are that a relay clicks, some transformers hum a little,

end line~voltage meters, crystal plate voltage meters, crystal.

current meters indicate, and meter dial lights come on. Causs
of failure of a tube fTilament to light is eimpls, It 1is the
tube or a very small section of wiring; failure of a group of
filaments %o light 1s due to a transformer or fuse; also,
f=ilure of 2 line meter to indicate is due to the failure of a
fuge or the AC; failure of a plate-voltage meter to indlcate
ig due to failure of a reectifier or the plate-voltage supply
group; or the lack of crystal current is due to the failure of
the tube or some small component in ths ogcillater circuif or
of the crystal, Remedies are obvious.

The next switch throws on the plate supply %o all

68
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tubesg, snd the rest of ths meters come into operation and
should indicate normsally. Abnormal indication of any meter
directs the enginser's attention immediately to that particu-
lar circuit which is compriged of only one or three, or per-
haps five, components. They are not unlimited, All filament
circuits, the crystal oscillator, the blas, and crystal-plate
voltsge wers tested and proven by the normel indications at
the time the first switch was thrown; there is no need to
repeat that.

Thus 1t can be seen that an abnormal indication in s
properly chosen gequential starting system immediately directs
the operator's attention to a very limited group éf components
or %o an individual component. There ig no need to go further.
Other circuits have bsen previously tested or have not yet
been ealled into use. The ftrouble lieg only in the group of
equipment associated with this step.

[8lide] How do wse ufilize these facts® [Laughter]
We mske up a start-stop procedure. Step 1, give the firsy
operation, throw a switch. Associated with that action are a
number of normal indications. If they are normal, the set is
normal and we proceed. However, in Column 4 we put down the
abnormal indication for each normal indication. For a meter
reading of 115 volts as normal we would put high voltage, low
voltage, no voltage for the abnormals. There are three groups

of troubles that could cause these thres abnormals. There may

69



uievelang

LaW DIERORIApNY * LOIVENLILAS ® weneral Keporung LRICago

wasmngion

New York

be an incorresct setting of the volings control or incorrect

1ine voltage or 2 burned out fuse, unthrown swiich, or cemplets

lack of voltage. Thaot ic 211,

For each normel indiecation there mey be one or nore
ebnormal indicstions sscociated therewith for s smsall group of
components. Those abnormal indicetlons, then, directly Girect
your sttentlon to the component thal is causing the trouble.

Suiteh b16 goee on; the line~voltsge meter should

b

resd 115 voltz, You heve no volt neter to resd. If %he meter

-

D

vee low, it would have to ke the suitch or the fact thet the
AT weos low; it connot be snything slse., If the nmeler is hign,
it rust be Switer Ho. 449, which is probably aot golng sround
to the right contact; or 1t mey be the fact thist ths AC ls too
high, nothing els

If the pansl lights come cn and one light 1o off,

the 1light is the trouble, or thes socket, or maybe the bearing.

¢

¢ voth lights are off, you snslyze 1t as a single troubls.

¢

A1l of your troubIVh - asgoclsted ulth your start~stop Trouble-

chooting are single {roubles. You analyze your abnormal indi-~
¢ tions for any single component's failure. You neglect all
duplicate failures. For instznce, you might say that a plate-
counling condenser would burn out osnd take the rssisitor with
it. That iz not nsescecary. You would have that analysis.
ywlien you fixed tn2t troubls you would still have a nonnormal

-

indieaticn vhich would direct you immsdiately to the abnormal.

?O
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For sach normai indicstion there are ons oy more
abnormsl indicsticns associated, which you analyze for your
aingle troubles,

The total number of steps in starting a Ltransmitter
sre very limited. You combine with those callbrating steps 15
this cage the line voltage onto the transmitter. If anything
went wrong, there ls where it wculd have to be. Then ycu
would =zdjust your voltsge; then you would push your stari
gwitch on. Your relay clicks in; your tube fllaments come on;
your crystal voltages show. These are the only troubles zsso-
clsted with that.

Thersfore, you ars able to analyze snd put on per=-
heps thres or four shests of paper any trouble that could hap-
pen %o your transmitter. If you will insist that there is
one trouble that I could not cover, I will accept that and say,
"4ell, put that one trouble down at the bottom of your ahalysis.'
That is the only thing that it can cover, but you.can cover
svery trouble in ybur trensmitter by this analysis. If there
are two or three that I have missed, OK; I will still acoept
them, It ie short and it is quiék, and if you do this analysis
ahead of time, if in starting your trsnsmitter the nonnormal
indlcation shows up, you have your sbnormal immedistely, and
here is the trouble. You do not have to call out your circuit
diagrams and 3it Gown snd pour over them. You have already

dons that, or meybe it has already been done for you. That
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savesg time.

I suggest that each engineer examine carefully each
step in starting his transmitter, note all the visual and audi-
ble indications,'determine the abnormals and the causes there-
for, and the corrective measures. If these are arranged in
chart form in columns with the starting steps and perhaps cali-
brating steps, which generally need not be more than five or
ten steps, 90 per cent of all trouble-shooting in the trans-
mitter has been done. In case of trouble, that 1s, fallure in
operation where the trouble is not immediately obvioﬁs, it 1is
recoﬁmended that the engineer closge down his transmitter ocom-
pletely and restart, observing 211 indicatlons. At some step

come abnormal should immediately indicate the cause of the

-4

zilure. To keep the transmitier oh and running with trouble
in it does not do it any good, and it is not golng to help you
if you sre just stending there guessing.

This is s logicel analysis of service and equipment;
it is not baged on signal %tracing through the circuits or on
family tress of troubles or on characteristic troubles. It is
o circuit analysis. The analysis is based on, Tirst, the fact
thst the transmitter is slways divided into.sectlons by the
manufacturer, which enables you to lsolate some group of" it
and test 1t by the indications that the manufscturer has gen-
erally provided. Thisg analysis i1s built up on the bagig of a

starting sequence, a stop-start procedure,
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Lack of time prevents further detail on precise
mathodg, and so forth, but the fundamental 1deas expressed
here should stimulats the individual engineer to examine and
analyze his equipment now and defermine hils procedure so that,
in the evsnt of trouble, most of the work is alrsady dons.

[81ids] A word sbout indiecators and indicatiéns.
Indications are normally visual and audible, such as meter
readings, dial lampa, tube filaments, and relay clicks, and
hums. In later stages grid currents may also indlcate the
presence of radio frequency at that stage and the correct
operation of prsceding siages, as Tar as radlo frequency is
concerned, but manufacturers are prone to neglect the inclu~
gion of radio frsquency indicating elements.

A simple, inexpensive, and effective radio frequency
indicator is suggested at this point. The single loop of wire
connectéd to a very small flashlight bulb is an effective

indicator of radio frsgusncy current. A bulb that operates at

ons volt at a quariter of an amp only draws a quarter of a watt.

You can stick it almost sny place in the transmitter without
disturbing you, and you have an instant check of radlo fre-
quency in that circuit. It can be used in any sxcept the
smallest circult. I submit it for your'information.

You could use then withln shields and might find it
convenlent Jjust to leave them in the transmitter. Within

shislds you csn put them behind a hole drilled in the shisld.
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I have sndeavorsd to show thei

it operating at peak efficizsncy while on the a2ir

felilures before they occur

tion and corrseciicn: a

4]

anslysis of trouble to

[e]]
]
fte
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I would
reople have bzen afraid
nance, I have injected a

lzret, in the talk, bdut

4o summarize very briefly.

of ths transmitter on the alir, keeplng

; that it smbraces

; and that it involvse qulck and accurate

the end that the treonsmitier moy deliver

tc the engi-

S5¢ many
of »reventing trouble through mainte~
a 11%%1l= humor, or attempted to at

thls 13 = very sericus %alk, ond I am

very serious about maintenance. I% is neglected too much, 1

e

an 211
s 4 s

v LE

to do in our dalily 1lifse,

teeth. They are choressg

ter operatss all day sna far intg

job and maybe the jobs
ment te masny thousand

little respscet and glivse
3

you will get a lot of service out of it,

of people,

*2id. It Lle somedimes considsred a necessary svil, but

e

not an evil =ny more than ths Littlz chorec that we nave

like combing our hair or brushing our
toc, but remember that that transmit-

the night to maintain your

T forty others, Turnishing entertain-

If you treat it with Jjust a
it a 11lttle albtention occaslonally,

If you neglect 1it,

gome day it will let you doun,

Maintenance 1s not nscessarily Jjust a tough, isbori-

-

cus job, somsthing tc b2 negleeted or shirksd. HMaintenance
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warenegs of the transmitter at 21l times,

(]

implies a constant -

»

a congtant awareness of the tranemitter. I would like to
impress that upon you.

I did not mean to put on this mammy talk, but I anm
very much interested in maintensncs snd am prejudiced; because
my transmitter gives me very goosd mervics,

In summing up, maintensnce ls much simpler than it
mey seem. You have only to prevare your start-stop procsdure
and analysie. Theresfier, it ie mersly o matter of keeping
the log and deing the maintenance work. The log requires
approximately five minutes; Tilled in every half hour, it will
only consume ten minutes of any hour, perhaps three hourg?
work in an sighteen—hour day. With the maintenance of only
three to five hours per wsek added to the log time, it iz a

very small amount of time to devote to kasepling the station

operating efficiently.

Thank you, gentlemsn., [Applause]

CHAIRMAN HOWARD: I am exceedingly surprised snd was
quite unawars of the need Tor goced 9aintenance. I think we
owe a vote of thanks to Charlie Shiélds for thoss siides.

The. second part of the maintensnce panel will bring
10 the lectern hers Mr. Alfrsd E. Towne of San Francisco. 1
will not waste =sny more of his valusbis time by giving him
further introduction, for, like the other speaksrs, lhils com-

plete, should I say, obituary, after ysars in the bro;doasting

ol
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businegs, is in the complste schedule that was dlstributed
thie morning. Hr. Alfred E. Towne! [Applauss]

MR, ALFRED E. TOWNE [Director of Engineering, KSFO,
San Francisco, California]: Mr, Chsirman, Gentlemen: If Mr.

Howard thinks I have been withholding any trade gescrets, he 1is

‘determined to have them revealed at this time.

I shall now continue with the next portion of trans-
mitter maintenance. Station managers csll maintenance by one
name or another, and they are not always fine: names, Engi-
neers call it a necessary evil and, sometimes, a headache.
However, maintenance is certsinly not a glamorous part of
radio broadcasting; nonetheless, its lmporiance cannot be
overstressed, It shall be my endeavor to point out some of
the procedures of effective transmitfter maintenance applicable
to the medium power transmitter and to outline actual prac-
tices in current uss at a typleal station,

Greatest rsliability of transmitter performance can
be attained only when a definilte routine system 1ls followed.
In my experience, a simple check chart record has proven most
beneficial. This consists of thz use of printed forms sar-
marking various pieces of equipment for weekly, monthly, and
yearly attention, Columns and spaces are provided for dating
and checking at the times of executlon,

I would 1like to have the first slide now., I will

try to point out how this has been attalined.
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[81ide] This in not for reading debail, I merely
want to show here how the ltems can be listed in columng, then
other columna provided for dating and checking z2s to time
specification,

These items can be again broksn down in greatsr
detail, iisting gpecific equipmsnt by part numb=2r for s spe-
cific transmitter. The placing of a check mark indicates that
s warticular itsm has been thoroughly checksd., Any irregularit
can be noted at the bottom of the chart. It is important, of
course, that personnel charged with maintenance dutlies be given
detzailed inétructions. Equipment requiring weekly servicing
will depend upon the particular transmitter involved. 1In all

casesg, however, the periodic frequency of maintenance can be

5
best determined by exwverisnce.

Now I would 1like the next slide; I think we will get
greater detail of these ltems.

[81i1de] Commencing with Item 1, may I state that a
heasty inepection can prevent possible relay failure. Manual
operation will ugsually reveal any mechanical dsfects.

Ttem 2, checking of the condenser protective fuses,
is something that épplies to some stations in particulsr where
they have been provided for. A simple continulty check placed
across the fuse, and usually a protective resistor, will
reveal 1f there has been any condenger failures.

Item 3 is very important, in my sstimatlion, and can

y
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be easily checked. Certain artificlal means can usually be
contrived to create overloads on both AC and DC circuits.

Item 4 requires certain test equipmenf. I think Mr.
Houston dwelled at pretty good length on this particular ltem,
but I think it 1ls very important in reveallng long-time ten-
dencles toward any failure of components.

Ttem 5 refers to a partioular switch and may not
apply to all stations. However, 1t can be easily operated by
some other automatic device, and it is very important that
this be kspt in proper operatlion.

Itemg 6 and 7, I think, are self-explanatory. They
are the normal duties which all station maintenancé men are
requlred %o do.

Item 8, failure to olean the water coils, ls some-
thing that will vary with the station also., However, where
water coilé are composed of séctions and assembled by means of
clamps and gaskets, it is very important that they be ingpected
regularly, that all clamping nuts and bolts be checked.

Take the next slide, and we will pick up Item 9.

[Slide] -Item 9, ruaning of the stand-by engine, of
course, does not apﬁly ﬁo normal stations. However, whers
they have been iﬁstalled, it is very important that this plece
of machinery be checked regﬁlarly for normal operation at full
load. I would suggest at least ten or fifteen minutes of

operation to determine the kind of operation.
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The remaining items, 10 to 15, are small items and, I
believe, also self-explanatory. However, I believe that in
pregsenting them in form it emphssizes the imporfance of mainte-
nance and provides an easily followed record for proper
emphasgis.

Now we shall come to those items requiring monthly
attention. I would now liks the next slide.

{Slide] Here, again, our reading details are not
too clear., 1 shall pass onto the next slide to get our detall:

[Slide] Item 1, polish and check adjustments of all
small relays, and Item 2, polish contacts on all contactors
end switches, including tower:light contactor, probably require
the greatest attention of 211 equipment involved iﬁ‘the trans-
mitter. With emall relays of the telephone variety,;little
attention is cslled for. Once properly adjusted and ﬁpotected
from dugt, they have been known to perform satisfactoriiyzfor
years without adjustment. Other relays requirs servicing,
depending on the current béing handled by particular cemnvacts.
Inspection will quickly reveal the nszed for care. Only ocrocus
cloth should be employed on small relay contacts, azs the
actual plating is rather thin. After contacts are polished,
they should always be wipe& with a cloth or canvas to remove
pumice grains, Large contacts employed on contactors eventu-
ally become pitted and burned. Though they will take consid-

erable punishment before failure 1ls threatened, it is no
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excuss for neglect. Thess contacts may rsquire the use of a
fine-cut file or gsandpaper, followed by crow's cloth polishing.
If contacts becoms misshaped,.they should be replaced. Uhere
multifinger contacts are used, they should be adjusted so that
they make or break simultaneously. The correct spacing when
open ghould be maintained. Large contactors often develop
annoying hum., The proper cure fof this is grinding of the
pole pleces to a smooth Tit.,

Item 3 here requires the placing of all tubes,
except water-cooled, in the transmitter for a short test.

Item 4 may receive different treatment at some sta-
tions, but monthly éhecks are satisfactory for most. Stations
using two crystals, that is, a regular and a spare, of course,
are afforded a convenient means for checking agalnst the
monitor,

Ttem 5 calls for serious concentration, All connec~
tions chould be examined Tor mechanicel strength where possible.

Item 6 calles for a good grade of oll and some discre-
tion as to the quantity to use. O#er~oiling can also cause
failures where dust may accuﬁulate.

Item 9 1s another time-consuming process but very
important. I suggest that all nuts and screws not be over-
tightened but merely checked to see if they are tight and
secure.,

Item 10 willl reveal defects,depending on local
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conditions. Some wafer-cooling systems become defective from
electrolysis; others are quite free from it. Check inspection
and malintenance on that item.

The next slide will show Item 11 a 1little better.

[Slide] All tubes should bz checked for corrosion
and effects from temperaﬁuré. Rectiflier tubes are especially
bad, because the tempsrature is developed at ths base of the
tube, BSmall rsctifier tubes, where they are ussd in the
socket at the bottom of the contact, are the greatest offenders.

I think Item 12 is a simple item but something you
should check on occasionally. Spark cap balls should be
checked for any obstruction and also for spacing.

I think Items 12 through 18 are morse or less sgelf-
explanatory.

Finally, we must designate certain things for approxi-
mate yearly attention. I say "approximate" because tower
lights, for éxample, do not have regular habits. Figure 3
shows & samﬁle of items in this category. I would like
briefly to point out the mechanics involved in these. Let me
have the next slide now.

[81ide] This is called Figure 3. These items,
though they are few in number, nevertheless require serlous
attention. The repacking of water-pump motor bsarings and
stuffing boxes reqﬁires considerable care, especially where

high-speed motors are utilized, The old gresse from bearings
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should be forced out through the relief hole whils the motor
is running by the application of a gresass gun on the fitting,
then allowed %o operate for 2 time before the reliefl plug is
replaced.

Replacing distilled water is something that will
vary with the installation somewhat, depending on the extent
of electrolytic action, but in all installations it should be
replaced yearly., The rsading of the lesakage meter can usually
ba relied upon to supply this informetion. It is iﬁportamt
that strainers and the storage tank be well cleaned when the
system ig drained.

Trangformer oil in the medium~gized station is not
such = problem ag Tzr as tests are concerned. I would suggest
that teste be made, maybe over a period of a year to determine
the rate of moisture and absorption. However, I think, in
general, whers only thirty or forty gallons are involved, 1t
ie more economic to replace the o0il yearly rather than to make
regular tests.

Tower lights should be replaced when fallure occurs
oT one lamp or on a regular basis, if that has been established,
as at some stations.

It is & good practice to replace all fuses after a
year!s operation, since they are a small-cost ltem, Fuses
seem to age and have been known to fail when the operating

load wag not excessive.
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As for teoolg, = few items are worthy of mention. A
crowta cloth etick can b2 vary ugseful snd is eazily constructed
by cem=nting 2 strip of the cloth to both sides of a2 narrow
thin paddle. Ssndoaper sticks can be made in 2 similzr sanner
with varying grades of abrasive. A canvas stick shoula be
used for Tinal contsct polishing. In congested surroundings a
dzntist's mirror is of considsrable aid. Some form of alr
blower is ess2ntial, though it be only =2 vacuum cleansr for
dust removal, Compressa2d air blasts should never be ussd at

clnse range on more delicete parts. Two sizes of camel halr

cl=eaning brushes ars always in demand for rsaching more inac-

cegaible places wvhere dust accunulates. Care is the byword,
however, in order te avold springing of relay contacts or

breelking: of wires. Pl_uhllwhus and test lanps areg; of course,
reguired assistents. It goec without ssying thst 11 foais
ehiould be neatly stored andé readily scecessible:

i would like to pase on to ths subject of lubricants
and colvents for = moment. Soms thought should be given te the
proper nss of lubricants and the oropsr kind. For motors pro-

ded with 0il cups, specisl motor olil is recommended.  bBall
bearings require a svecial high-speed grease., Switch blades
and rotary contacts carrying considsrable current pérform well
when vegeline is smployed.

The uss of solvents for cleaning nurposes requires

good Judgmsnt. For example, carbon tetrachloriae is not
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recommended where high insulation qualities are inveolved, as
it lesves sz film which is conductive. Where greasy or 0ily
surfaces are encountered, carbon tetrachloride may be used,
provided a dry soft cloth is used for finel wiping. Soap and
warm water hass been found an effective solvent when parte are
accesaible, provided they are rendered dry. Tube envelopes
and glazed surfaces are typlical examplas.

The carse of large tubes is a very important duty.
Tubs conditioners are the ultimate to be desired but usually
not available to the sverage gtation. The next recourse 1is
their periodic use in the tranémitter. 8pare air-cooled tubes
should be rotated periodically, not more than two months.
Water-cooled tubes, like some relays, can be handled too much.
Thie ie egpecially true as they age, as parts become brittle.
I beslieve the rotation schedule for water-cooled tubes should
be approximatzsly thrse months. W¥When first plaéed in the socket,
normal filament voltage only:chould be applied for from thirty
to sixty minutes %0 aid in degassing. Where reduced-plats
voltage is available, it should be utilized on first test.
When tubes are used for 10,000 hours and more, considerable
seale may form on the anode, czusing decreased coollng effi-
ciency snd increased internal temperatures. It is my opinlion
that if care is procticed, this scale should be removed by use
of some sort of scraper, while the tube is held in an uﬁright

position. Largs air-cooled tubes of the radlator tyvs require
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ccoling surfaces to be free of dust accumulation for effTicient
operstion, Thilg dictates the use of filtered air intake or
frequant blowing out., Reotifler tubes should also be rotated
periodically =2né a2lways storsd in an upright poslition.

I would 1like now to return to soms opersiting fac-
.!

(23
O
i
oy

If we may have the next slide, I will say something
about further records,

[S1lice] This cutlines a Tiling system, mors or less.
It is = large column of date dsaignating csrtalin lteme on
which records should be kept.

"Carrier and Program Time" gets forth the actusl
Geily, weekly, and monthly time of operation, including the
sign-on snd sign-off times.

"FPailuree" record the times the carrier or program 1is
brokesn and restored, including a brisf explanation of the
failure. |

"Tubes in Service," which will be shown in detall on
another slide, is a complete record of all tubes in use,

Tubes are listed by type, poslition, serial number, and hours
of service with each month’s ending. When a tube fallure
occurg, the date and hour meter reading is recorded in the
corregponding space. Sufficisnt space is provided to allow
for future tube replacemsnte.

"Tube Changes" lists the type of tubs, serlal num-

ber, hours of operation, snd remarke as to disposition of the

2
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0ld tubs, serisl number and hours of life of the replacing
tuba,

"Spare Tubes" is 2 monthly accounting of all tubss
by typea, showing quantity on hand, received, and placed in

service.

ber, date received =znd tested, and remarks as to condition.

Under "Miscellaneocus Records® should appear itenms
such zs (1) oil sample tests =znd (2) equipment orders and
deliveries,

This conclse rscord serves well to relate various
operations and pressnt an over-zll plcture of performance.

As the broadecasting art progresses, maintenancs is
constantly being made iesé burdensome., The mors or less seal-
ing of =squipment units and use of filtered alr has contributed
miuch to this cause. Hanufacturers have made considerable
effort %o enginzer tranomittsrs for minimum maintenance. The
placement of components has received considerable attention.
It is hopsd that this work can be further perfected. Thank
you. [Apvlause]

CHAIRMAN HOWARD: That typs of check chert lubrice-
tion, I think, will save a lot of~u3 e lot of headaches zll
the way through and applies to all sizes of transmitfers, not
just the 250-kilowatt. It appliss to sverything, AM and FM.

We are now on the schedule at eleven-fifty, and I
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do not know whether to let you out for coughing now-- I think
we will go on.

We have come now to the third part of this symposium
and one that is very important, ons that has not been with us
always. The AM broasdeast structire, that is, as it now 1s
constituted, employs directlonal.antenna arrays through a vast
ares. This service must be protected and these stations must
operate as they were assigned, Therefore, I believe it is
most pertinent that we should include in this symposium on
maintenance a talk by Mr. Dixie ¥cKey, consulting engineer, of
Washington,

Mr, McKey has had vast exverience, He bullt one
antenna out in Oklahoma, the Franklin antenna, with an FH
antenna on top of that, put two additional short antsennas in
dirsct proportion, snd I doubt if anyons could find anything
more difficult to zdjust and make come out right than that.
Therefore, Mr. McKey spsaks with authority. Mr. McKey!

MR. DIXIE B. McKEY {Consulting Radio Engineer,
Washington, D. C.]J: Mr. Howard, Ladies and Gentlemen: Ths
great lncrease in the number of standard band broadcast sta=-
tions employing complex multi~element arrays present® a new
series of maintenance problems Tor the station engineering
personnel. While these problems may be new, they can and

should be handled by established scheduled routins tests. The

radio engineer, in attempting %o plan methods whereby his plant
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will opserate in ag orderly s manner ss8 possible, very definitel

has the job of 2pplying science to a practicsl business and, in
fulfilling it, shoulders the recponsibility of bringing the
results of technical achievement and business together.

Prior to ths war regular scheduled opserating malnte-
nznce routines were a well-established prsciice in a number of
our larger brosdcast sbtations. These routines varled consid-
erably from a visual equipment ingpectlon after cleaning to
elaborate tests designed to furnish recorded data that would
permit the etstlion enginser to anticlpate Tallures and rsmove
questionable equipmsnt. These routinss paid dividends in {two
ways: Tirst, they reduced lost program time due to equipment
failure to a minimum; and, sscondly, they familiarized the
operating personnsl with the location and functions of the
inéividual apparatus unite, which they would have besn unable
to acquire during the regulsr operating period.

Their worth is not debatable, and the long record of
uninterrupted program operation of radio broadcast statlons
using thase routine maintenance practices represents a dollar
value far in excess of the smsll maintenance costs.

My constant reference to ths cost of z msintenance
routine ie dus to the Tact that the suggestions and recommen-
dations that follow will inorsase the station's yearly operat-
ing cost, as such maintensnce cannot be handled on a part-time

catch~as—catch-can bagis but will require intelligent use of

y
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both personnel znd equipment. You gentlemen individuslly have
the regponsibility of opersting and maintsining equipment val-
ved at meny thousands of dollare. This represents a consider-
eble portion of your station's capital invegtment, and to this
must be added the rsvenus which will result from the success-
ful technical and businsss operation of your station. Cer-
t=2inly theee values will Jjustify the expenditure of a very
small percentsge of thzir total as a form of insursnce for
both the capitzl and the revenue, Haturslly, sven the best
maintenance cannct ccmpletely 2liminste program fallure, but
it can, however, rsduce thelir number to sucih an extent that
the often-heard "due to circumstances beyond our control®
truthlfully desceribss the situstion.

With the addition of a multi-slement directionsl
antenna th2 ne2cessity for regular roﬁtine maintensnce 1is
inereased considerably, both for the vurpose of providing con-
tinuity of program operation and of providing =2 method for
maintaining the operation of the array, within the limits
specifisd by the Federal Communicetions Commission ana estab-
lished in the original proof oi performance test.

Further, 1t must De realized thet in addltion %o the
redio transmitter any directidnal antenna system is depsndent
for satisfactory operstion on 2 largse number of Individusal
component parts carefully related and adjusted to produce a

gspecifisd radistion pattern; electrical or mechanical Tailure
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of individual units will result in maladjustment of the array.
In many cases complete loss of program time would
result until such squipment could be repsired or replaced.

Under present sxisting conditiong 2 large number of standard

radio broasdeast statlions are operating, or hsve under construc-

tion, full-time or night directional antenna arrays that, due
to the station's location with respect to other co-channsl

stations, must of necessity radiate low values of field

gstrength at pertinent angles in the direction of the co-channel

stations. An array of this type as originally instslled and
adtjusted will meet the values sgpeecifled in the construction
permit with an allowable tolerance for small day-to-day or
seasonal varlations, providing the equipment is maintsined
properly. Failure of individusal components in such an array
will produce serious trouble by either removing the stafion
from the alr, due to the transmitter or transmission line pro-
tective circults, or a shifting in the.radiation pattern so as
to cause severe objectionable interference to other stations
on the channel,

In a number of cases nondirectional operation on a
single tower with reduced power ic impracticable, if not
impossible, due to the difficulty in reducing the transmitter
output to a sufficiently low value to produce the required
minimunm signal toward the co-channel station to prevent any

objectional interference. Under these conditions failure of
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any of the directional antenns arrsy component unite means a
shutdown and a serious and costly loss of program air time,
Congeguently, any method or procedurs that will resduce such
logs to 2 minimum can be Justified on s cost basis.

In preparing suggested maintenance routines for a
directional antenna system for use by the average radio sta-
tion one is immediately fac2d with an inherent problem. While
our speech input and transmitters are fairly well standardized
as to type ana methods of operation, sach and every dirsctional
antenna array ls a custom-built Jjob designsd and constructed
to meet certain specified requiremente. In visw of this fact
it is not poesible to set up = completé specific maintenance
routine that c¢en be directly applied to any and all arrays.

However, it is believed that a genersl set of maints-
nance practices based on 2 typical modsrn antenna array system
can bes used by you as a gulde for the preparstion of similar
routines designed to fit your individual antenna array require-
ments,

We have prepared for our typical example a sef of
recommended scheduleg and forms bagsed on a regional station
operating with a four-towers-in-line array. As this informa-
tion 1s rather specific and detalled, it could not be presented
by either blackboard or slides; therefore, we have arranged to
turn thlsg information over to Mr, Howard, your Director of

Enginesring, for dlstribution through the National Assoclation
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of Broadcasisrs upon resguest.

Before discussing a definite maintenance routine
practice it might be well for us to consilder briefly some of
the maintenance problems which generally have a consgiderable.
bearing on the satisfactory operation of a directional antenna
array and yet ars of such a type that they do not fit into a
specified routine. For instance, in the case of many antennas
it has been established through considerable experience that
in order to maintain the array as adjusted by your consulting
radio engineer at the time of the proof of performance tests
2ll the conditions which were present during that period of
time must be maintalned as closely as possible and, while
maintenance routines as later suggested will perform this
function as regards the individual apparstus unit, it ic these
factors which are not readil& adaptable to a routine and yet
may have a congiderable bearing on the successful opseration of
your gsysitem, One of the most important factors in the holding
of array adjustments ie the maintenance of ths ground system,
and periodic checks should be made at regular intervals by the
supervisor or the chlief engineer.

These checks should conglst of an examination of the
ground scresens, radlals, and the bonding for a loose or bad
connection and corrosion. This is of particular importance in
some loecations where heavy corrosion dus to the particular

soll content has caused a considerable shift in the array



LIIC3E0 visveiana

T WCHCIA NSPUVIINIE

= LUHVERUUND

“an JLCHuRIapny

TLadngLvee

nen Twin

pattern in a periecd of six months to a year after'installation.

In that particular instance to which I refer there
was a station in the Far West in an area with soll with very
high alkali content, and in this case practically half the
radisls disappeared in a perlod of around six months after
installation. It looked 1ike it might be somswhat compared to
electrolysis that you find on pipelines.

The area immediately adjacent %o the towers should
be kept free of high grass and wesds, and where the installa-
tion is in rolling terrain the entire ground system area
should be planted with a soll-holding type of grass or crop in
order to prevent erosion dus to heavy rainfsll. The latter is
particularly important in installations wherse a fill has been
necessgary at either the tower locations or within the ground
system aresa,

Another factor which enters into the matter of main-
taining proper adjustment of sn arrsy is lighitning hits, which
in many locatlions are responsible for the largest percentage
of lost program time. These hits or surges will cause not
only carrier interruption but, in some cases, destruction of
the component egquipment parts. In the majority of cases
multiple verticsl radiators make very effective lightning rods
and can be expected to receive several direct hits and numer-
ous induced surges during the summer statlc season. In many

other locations thls condition is not truly seasonal, . as a
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considarabls amount of Aifficulty has besn experienced due %0

that are built up by friction from raln, snoy, sandg,
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and wind., Congsaquently, whensvsr possible, protesctivs equip-
mant should be utilized to minimize or eliminate potentiszl
failures due to these hits or surges. A large number of cour
modern transmititers contain protective clrcults both for the
transmitter and the transmigsion line, However, fisld experi-
encs indicates th=t i% may b2 necessary to provids a2dditionsl
protective devices and squipment in crder to sscure maximum
protection,

This subjset has receivad congiderabls treaiment by

oL

a number of engineersg. Howsver, a recant articls in Zlsctronic

Industrises Tor Novamber 1946 by Mr, H. V. Tollison presents a

rather complete summary of a number of methods and clireculits
which may be employ2d in ths sclution of this problazm. I
would suggest that you study this snd other papers on this
subjeet, a2s it would be dlificult, and certalinly impracticable,
in 2 discussion of thls type to attempt Ho make any dsfinite
racomnendntions covering such devices that could be used on
any and all arrays.

The maintenance teats as outlined have besen arranged
so that thsy can be mads by ragular statlon personnel, using
test and measuring squipment generally found in any modern
radio station, with the addition of a fisld intensity meter

ené a radic frecusncy bridge, itogether with its assoclated
2y bl
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ozcillator and detector units. Ths latter test equipment
bacomes = necessity fer any station opszrating a conmplex dirsc-
tional antenna array seystem under present-dszy conditions.

This 1z partlicularly true at the present tims,
because we have go many statlions that sre going on the alir
with extremely tight pulls, as we might say, where field
etrengths are doun from twenty-five to fiftesen million volts,
and thinges of that sort. Unlegss you 6o have some msans of
checking that by a meter, I do not ses thalt 1t would ever be
possible to hold it.. That is a question that I know I will
probably be asked, so that is why I am just adding 1t =t this
tims.

The preparation of a station malntenance routins for
the dirsctional antenua system should be based on the proofl of
performance report asg prepared and filed by your consulting
radioc snginser at the time of ths original antenna inetslla-
tion, This report is a part of your station's psrmanent Fed-
ersl Communications Commizsion'g file and conteing a complete
description of the array, circuit diagram, clircult% componsntis,
neter readings, and the field intensity measursmsnt date. The
importance of ﬁhis report cannot be overemphasized, as 1t pro-
vides you with a source of information that is of grestest
importance in the day~to~day operation of your station.

Consequently, with this report as ths basis for your

routine maintenance, the first step in the preparation of such

\C
n
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a routine will be to prepare a combined maintenance report
bock or log.

This report book ghould bs divided into thrses sec-
tiong., The first sectlion will consist essentlally of a com-
plete description of the individuzl component parts arranged
in Tour subdlvisions conslsting of inductance coils, capacitors,
r2gistors, sni relays. The listing in each of the subdivisions
should carry a description of the unlt, 1ts location or func-
tion in the circuit, its type number, replacemsnt ordering
information, and circult designation, The listing should also

cover the number of turns in uses of each inductance coil, the

t~ty

value of esach of the capacitors, and the dial settings of the
capacitors, if veriable.

Ths second subdivlision should furnish complste
information concerning all meters used in the operation of the
array ané should consist of a listing of these units showing
the circuit designatlons; the location and function of the
unit, its rsngz, type and serial number, and the current read-
ing for the required output. The required phass monitor read-
ing for normal operation should be listed in this subdivision.

The third subdivision should contain a listing of
the monitoring points as designated by the Federzl Communics-
tions Commisaion's license and ghould show the number of the
monitoring points, a complete description for rs2aching these

points, the bearing snd distance, the gpecified unattenusted
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field velue at one mlle, the obtained unattenuated field value
et one mile, together with the actual recelived field.

The fourth and last subdivisicn should contain a
gchematic disgram snd, if available, a wiring disgram of the
complete antenna array equipment, together with the serles of
curves from the proof of performance report showing the divid-
ing network or driving point lmpedsnce of thg array edquipment
and operating tower impedance if a single tower is used for
nondirectional daytime operation. Additional pertinent infor-
mation that would'be of assistance to the maintenance englneer,
such as transmission line znd capaclitor gas: pressﬁres, et

cetera, should be included, While it may appear that asoms of

97

this information will be a duplicéte of the proof of performance

resport, 1t is believed that by rearranging the data in. this
form and maXking 1t part of the maintenance routine, thé con=-
stant reference to.this information by tﬁe gtation engineefing
personnel will acquaint them with the equipment ana its fune-
tiong fTar bétter than a ﬁasual reference to the proof of per-
formance report.

The second gection of our maintehance report book
ghould- contain 2 complete list and scheduieé of the dsily work

to be done and, where necessary, complete instruotlions ccver-

ing the methods and equipment to be used. In the case of our

typical dirsctional antenna syetem we have divided the antenna .

maintenance work into two main classifications. The firet
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ciassifiestion is dssigned %o cover the daily routine inspec—
tion and work that is to be handled by the late-trick station
engineer after elgn-off. This work has been arranged in such

s manner thot 211 partes and circuite will be clsaned end

cial maintenance routinas for checking the array operaiion at
regular gpeclfisd intervals.

The third ssctlion of ths maintenance report book
contains the weekly station maintenance log. Thils portion of
the routine is of extreme importance, ss it will prcvide'the
gtetion supervisor or chief enginser with a method for check-
ing the work done, as well sg the dala necessary to determnine
the operating conditione of the array and ite equipment =% all
times. Tre log, =5 e2t up for our typlcal station, ls arranged
to cover one week's complete maintenance information divided
into daily sectlons.

Ea&h dally sesobion providss space for recording the
temperature, weather, arrsay meter readlngs, phase monitor
rsadings, transmission line pressures, routine malintenance
performed, routine tests results, other pertinent data, and
th2 signature of the duty engineesr.

The preparation of our typlcal daily meintensnne

routinss was baged on the sgosumption that the station would

use the regular night-shift engineer after program sign-off to
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handle the daily routine maintenance work as outlined by the
scheduleg, while the sescond group of speclal malntenance tests
may be made at the specified times by the regular trick engl-
neer and the transmitier supervisor or chiefl englineer,

To present a more comprshsensive picture of how such
a system sctually will function, lst us follow the enginesr on
his regulsr Monday night maintenance routines as prescribzsd by
the report,

As outlined in Sections 2 and 3 of our meintenancs
log or report book, the late-trick engineer Tirst reads =nd
logs a complste sget of meter readings Jjust orior to sign-off,
Immedistely after the equipment is shut down all componsent
equipment within the antenna phasing unit is checked for over-
hsating by carefully feeling all condensers and coils. The
transmission line and seals are cleaned and all connections
tightened. The antenna phase unit and its component equipment
are thoroughly cleaned .and all Gust removed with a vacuum
cleaner and blower. The antenna relay connections are checked
~nd tightened, the relay contacts are cleaned, and the align-
ment checked under operation. All internal connections are
checked and tightened. All inductance coils and condensger
adjustment settings are checked and comparsd with the original
settings as tabulated in Section 1 of the malntenance log.

The transmission lins and condsnser gas. precssures are read and
entersd in the log, togéther with any changes or out-of~-the-

ordinary activities that have occurred during the tests.

99
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The renainder of the daily routine maintenance work
hss besn arranged for 2ach day in a similar manner, and 1% 1s
believed that the schedulss are sufficlently szelf-explanatory.
further discussion is unneceasary. The special
maintenance teszts have besn scheduled for the same dey sach
weak and arrenged so that the driving point impedance for both
directional and nondirectionsl operation and the field strength
at thz designated monitor point will be checked blmonthly.

As a guick method for checking the over—-zll operatlion
condition . of the arrsy, we have suggested that bimonthly
impsdance maasursments be mzde at the input to the sntenna
phasing unit, as our experience indicates that any variation
or ghift in the array or maladjustment of the equipment will
be reflected in the impedance values mesasured at this point.

Thie is done for two reasons, one, to save time, and
also it will provide you with practically as good a chsck as
ir you had gonz ou%t to the tower, ones you have thoroughly
establiched that.

You will note that we alszo use the same point of
meaguremant For checking the nondirsctional opsration rather
than 2 measurement of the single tower impedance, ag measure-
ments at this particular point will alsao indicate any departure
from normal operation of the nondirectional system, The squip-
ment required for these measursmentis may be eithef a radio

frequsncy bridge and 1ts sssociated apparatus or any other
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tye of impedance measuring eguipment. The utmost care snd
accuracy should be ussd in msking these measuremenis, particu-
lorly with reference to the establishment of the cperating
frequency, 28 2 small veriation in frequency will introduce s
congliderable error in the measured values. The data obtained
during the teetc and rscorded in the log should bs compared to
the original valuesz chown in the procef of performace report
znd, 1T necessary, adjustments should be made to correct any
Giscrepancies.

That is one of the thinges that you are slways hoping
will nct occur, for the gsimple reason that you are hoping that
the maintensnce that you have done of what amounts to clsaning
and tightening will prevent that ghift in impedance from occur-
ring, =nd if 1t has been done properly, it will do thst.

As 2 Turther method of dstermining and maintalining
the normal operation of the array, we have recommended that

£i21d intensity measuremsnts be made at esach of the specifled

-monitoring points described in the proof of performance report.

Theges measuremants should be made with a standard calibratsd
fi=1ld intensity meter, and the location of the points described
sfiould be strictly adhered to, In this connection it is sug-
gested that the exact locatlion of the fisld intsneity meter
should be suitably msrked with a stske to make certain that

the msasuremente are always made at the same point. Further,

the time of measuremsnt should be sclscted to avoid any possible
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error in ths result. whiclkh might bs introduced by éky wave
interferencs from co-channel stotions.

Under present-day condltions that bscomes rather
difficult at times, but it is certainly something that you

thet you actuslly havs what

b

must recognize. Be vary aurs

u

srounts to clear alr, because 1f you do not, you are going to
get som2 rathsr odd-=ppearing results.

Great cere and accuracy should be used in meking
these measurements, and the calibrated atfenuator values
chould be used in computing the received field. The daia

ghould be recorded in the log and comparsd with the original

The recorded data obtained from the dally and spe-
cisl maintenznce tests after a2 period of gix months can bhs
plotted to show the actunl operating conditions of the array;
variations from the normal conditions will undoubtedly appear
in the graphs. However, by 2 carsful analysis of the records
it will) be possibls to identify any variations due to seasonal
or weather conditlong,.

In other words, you will establieh a variable element
which is present in all our arrays over a period of time, and
you will know exactly what are those small shifts, once you
have set up thles rscord.

This accumulated information properly evaluated

should provide the station enginesr with a complete ond
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thorough understanding of his dirsctional antenna array opsrat-
ing and maintenance problems.
It 1e, of course, reslized that the suggestions and

recommaendations w2 hove desceribed are not the total and com-

plete snswer t¢ 21l and every dirsectional antenns. Howsver, I

[x3

hope that we have demonstrated thz need for sstablishing
scheduleg similar to the program I hsve outlined in the mate-
rial presented to Mr. Howard. If we have convinced you of the
ﬁeed for such a program Titted to your individual statlon
requirementeg, the reesults will bs of mutual benefit to both
your station personnel and the industiry. I thank you.
(Applause]

When Dr. Howard introduced me, if I can just grasp a
moment hsre, he made a remark sbout the Franklin antenna in
Oklahomsa. I would like to make 1t very plain that that
antenna I did not design. Mr. Glenn Gillett, sitting down i