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STAIRSTEP
MULTIBURST

SINE”®

WINDOW

SMPTE TAPE TEST SIGNAL
SYNC & BLANKING INSERTER

B&W REFERENCE

STING

TAPE REFERENCE

VERTICAL INTERVAL TEST SETS - BAR & DOT
PLUGE MONITOR SET UP SIGNAL

NEW VITEAC

TEST SIGNAL

DIAGONAL CROSSHATCH
COLOR BARS
CUE DOT

ONLY RIKER VMIAKES THEM ALL

First to manufacture all-transistor Test Signal Generators,
RIKER equipment has been proven by years of use in all major
networks, leading TV stations, long lines carriers, government
agencies and the White House, showing the way to ultimate
acturacy and reliability. All RIKER equipment is packaged in
identical modules allowing unequaled flexibility.

The great variety of possible combinations guarantees a Test
Set to meet your exact needs. Let us help in selecting proper
modules. Try our equipment in your facilities—no obligation, of
course. Phone or write today for description and waveforms.

30 Day Delivery Guaranteed
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VIDEO TEST SIGNALS

All Signal Generator modules provide Dual lIsolated Outputs.
Test Sets cffer 6 simultaneous isolated outputs. You may include
only the waveforms requ1red—expandable later.

VERTICAL INTERVAL TEST
SIGNALS

VITEAC (Video Transmission En-
| gineering Advisory Committee)
recommended Vertical Interval
Test Signals—4 simultaneous
signals. Two in Field 1, lines
18 and 19; changing to two
others in Field 2, lines 18
and 19; or automatic 2%
minute signal sequencing.

wwwwiamericanradiohictorv.com



Lower attenuation. ..

new HELIAX®

Va”, ¥8”, V2” fiexible
coaxial cables for
e Military

e Broadcast

e« CATV

® Mobile Radio

+ Data Processing and

Instrumentation Systems

These new air and foam cables offer lewer attenuation in small physical

sizes. Type FH1, Y4 Foam HELIAX has 309, lower attenuation, 60% smaller

size and 509% less weight than RG8/U. The copper inner and outer con-

ductors assure optimum electrical performance with long life reliability. ;

Available in long splice free lengths with or without polyethylene jacket. k#’?dlﬂll/
For additional information on HELIAX, contact your regional Andrew CORPORATION

sales engineer or write P.O. Box 807, Clhicago, llinois 60642. 28 YEARS OF ENGINEERING INTEGRITY

6-65
EUROPEAN OPERATIONS: ANDREW CORPORATION, H¢JSGAARDS—ALLE 82, HELLERUP, DENMARK
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ATTACHE 70"

DYNAMOTE *-70™ COURIER 70" : UNIMOTE “70"

Four new portable
transistorized remote amplifiers from GATES

Four handsome, fully transistorized models. All rugged, for major news coverage or complex remote originations.

compact and lightweight. Studio console quality. COURIER 70" — two-channel amplifier provides two
ATTACHE ““70’'— three microphone mixing channels. microphone mixing channels, master gain control, illumin-

Two are switchable to accommodate tape recorders or turn: ated VU meter. Weighs only 8% |bs. with batteries.

tables. Extremely light weight — 10 Ibs. with batteries. UNIMOTE **70" — single-channel, fully transistorized
DYNAMOTE *70''— four channels. Broadcasting's newest remote or utility amplifier is no larger than a table radin.

and most deluxe. Accommodates nine signal sources, includ- Ideal for mounting under a lectern or pulpit.

ing two high-level inputs, two magnetic phonos and built-in For full details, write for ADV-160, our new attractive

tone oscillator. Weighs 12 Ibs., including batteries. |deal 8-page illustrated brochure.

HARRIS
LINTERTYPE

GATES

Offices: New York, Houston, Los Angeles, Washington, D.C.
Export: Rocke International Corporation, New York City
In Canada: Canadian Marconi Company, Montreal Circle 1tem 3 on Tech Data Card
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Now you can fully utilize the listening cap-
abilities of your audience! Scientists for
years have investigated and tabulated the
various phenomena that make people want
to listen. These findings come under the
broad category of psycho-acoustics. Now
Fairchild has harnessed many of these
findings and incorporated them into a line
of unique world-renown audio control
devices which produce a sound easier to
listen to and easier to perceive... in short
a bright, crisp, lively sound which keeps
your audience listening. This is the sound
you need to help you sell your station to
your audience and to your sponsors.

THE DYNALIZER

the Psycho-acoustic way to achieve a bright, full
bodied easy-to-listen-to, easy-to-perceive station
sound. The Dynalizer contours your station’s fre-
quency response to fully utilize the listening cap-
abilities of your audience. Makes your station
sound really big, big, big even on the smallest
pocket receivers.

- THE CONAX

the world-accepted way to control high frequency
spillovers in FM due to preemphasis. Lets your
station maintain real high levels even with brass
and crashing cymbals and still avoid FCC citations,

THE REVERBERTRON

1 %g the new compact
v reverberation system
> = ; which gives your sta-
I 4 tion that real big
|" g voice. With the Re-
o o 8 xerber’t]roncyou can
et ) ) ave that Carnegie
et ‘F"‘#é Hall effect as close as
the gain control on the Reverbertron. And there's
the added plus of an increase in apparent loud-
ness of your station sound due to reverberation,
as originally described by Dr. Maxfield.
For complete details on psycho-acoustic sound
that sells write fo Fairchild — the pacemaker in

AIRCHILD)

l__ RECORDING EQUIPMENT CORPORATION i
- | 1040 45th Ave., Long Island City 1, N.Y. i
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LETTERS

to the editor

DEAR EDITOR:

In the “Letters” column of the May
issue, Mr. Wilham A. Kingman (CE,
KOWI.. Lake Tahoe) brought up a point
concerning my article “Protective Main-
tenance at the Studio” which appeared
in the November, 1965 issue. Mr. King-
man was concerned about modifying the
frequency response of a microphone
channel in a broadcast console in the
light of whether the equipment would
then pass the tests required by the FCC.
In answer, the Rules state in Section
73.40(4):

“The audio - frequency transmitting
characteristics of the equipment
from the microphone terminals (in-
cluding microphone amplifier unless
microphone frequency correction is
included in which event proper al-
lowance shall be made accordingly)
to the antenna output does not de-
part more than 2 decibels from that
at 1000 cps between 100 and
5000 cps.”

The part overlooked by Mr. Kingman
is the parenthesized phrase which allows
frequency - responsc to be
made in the microphone amplifier (pre-

correction

amplifier). The circuits are supposed to
be flat sa far as is practical, but fre-
quency-response correction may also be
added. As described in my article. the
circuits as modified will have the same
response after proper allowance has been
made for the effect of the lower-value
coupling or cathode-bypass capacitors.

Using an external filter between the
microphone output and the preamplifier,
as Mr. Kingman suggests. would provide
similar results, but you will need to be
careful about hum pickup. particularly
if the filter includes inductances.

I should reiterate that these circuits
were modified, not to make the audio
sound “tinny” nor to give the station an
unusual sound, but to improve the
quality of the audio by removing exces-
sive bass response caused by improper
use of the microphone.

A series of defeat switches in the
modified circuits will allow use with or
without altered response, if such versa-
tility is required. Care should be taken
to keep leads short and avoid the use of
multiple grounding points.

LYNN R. WILLIAMS, CE
WBEJ, Elizabethton. Tennessee

&

s ¢
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POWER MISER.

The best definition of a ““power
miser”” in CATV equipment is the
Ameco ATM-70 Mainline Ampli-
fier. It is strictly solid-state and
consumes a mere 5 watts of power.
® On the other hand, if it is a
“power hog’ you are seeking . . .
turn to a tube-type mainline amp-
lifier. You will find it is ten times
the size of the Ameco ATM-70
(and it won't perform nearly as
well), but the typical tube-type
amplifier will gulp somewhere in
the neighborhood of 120 watts of
power for you. ® Of course, the
tubes will play havoc with the
total power bill each month, but
the local power company will love
you! ® Or you can bank all that
money by going Ameco solid-
state. Ameco is the only cable
equipment manufacturer who can
build you a 100%, solid-state
CATV system from head-end
modulation to active taps.

P. 0. Box 113286
PHOENIX, ARIZONA 85017
TELE: 602-252-6041

AMECO AUALITY...

[IHE ENVY OF GATV

Clrcle Item 4 on Tech Data Card
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Just send this page to CBS Labora-
tories. We will send Audimax and
Volumax to your station. If you want
to send them home after 30 days, we
will pay the freight. But if you want
to make your station their permanent
home, all you do is pay $665 each.

At the end of that period, chances
arc you will be so sold on Audimax
and Volumax you will want to buy
them.

July, 1965

Well do

a month's work
for you

free!

And youshould. After all, they can
increase your program power 8 times,

Solid state Audimax is an auto-
matic level control years ahead of
the ordinary AGC. By automatically
controlling audio levels, it frecs engi-
neers, cuts costs and boosts your
signal.

Volumax, also solid state, out-
modes conventional peak limiters by
controlling peaks automatically with-

Circle ltem 6 on Tech Data Card

out side effects. By expanding cffec-
tive range and improving reception,
it brings in extra advertising revenue.

We can afford to give Audimax
and Volumax away free. Because we
know they’re so good, most people
can’t afford to give them back.

44k

LABORATORIES

Stamford, Connecticut. A Division of
Columbia Broadcasting System: Inc.
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Y RADIO CO., INC.

103 West 43rd Street/New York, N.Y. 10036 /(212) JUdson 2-1500
Federal Electronics, Inc. (Subsidiary) / Vestal Parkway, Vestal, N.Y./ (607) Ploneer 8-8211

One call to Harvey covers every need for professional micro-
phones. Shotguns, wireless mikes, boom mikes, lavaliers. We
cover the spectrum from ultra-directional cardioids to bi-
directional cosines to non-directional pressure types. Whether
it's dynamic, condenser or ribbon, we’re stocked in depth with
all major brands and types.

As America’s oldest distributor of professional broadcast and
studio recording equipment, Harvey is also stocked in depth
with everything from studio tape decks, image orthicons and
cables, to the smallest replacement parts.

The three major networks rely on Harvey as their dependable
source of supply. They save time, eliminate hunting around.
Even if you're in Wichita Falls, you will too. To order, write or
call collect today.

ALWAYS ON HAND: ALTEC ¢ AK G » ELECTRO-VOICE ¢ NEUMANN e R C A e« SENNHEISER ¢ SHURE * VEGA o
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SATISFY ALLDISTRIBUTION REQUIREMENTS

with these transistorized and completely self-contained modules

MODEL 4000 Rack Mountlng Frame prov1des common mounting facility
for any combination of modules.

0. e eorg o
5 | o §é MODELS 3200 and 3206 Video Distribu-
Sl B3 <o e tion Amplifiers feature high impedance
o] =i BTk bridging inputs and 4 identical isolated

J ernl(T cour I )

RLECHAOWS 11008

L neeoss
) taemerco Y
TELECHNORE 1208H

outputs, source terminated in 75 ohms.

MODEL 3200 MODEL 3206
MODEL 3201 Sync Adder provides a
@!’"‘ ,,.!..,, ETRXT means of m.i).dng syne into any or all
g i, 1 video amplifiers in the frame.
:0 D) Q .%
B o |  MODEL 3202 Pulse Distribution Ampli-
;e ol S fier regenerates sync, blanking or drive
% TN 4 m'm_mwd pulses, providing 4 identical isolated
qprCwCm SO ” sELrchmouE J85aat Outputs.

MODEL 3201 MODEL 3202

MODEL 3205 Equalizer Amplifier now
contains frequency boost circuits pro-
viding up to 10 db at 4.5 Mec. Slope
adjustable to match cable. Also provides
adjustable time constant correction.
Ideal for Frequency Phone Correction of

A e

MODEL 3205 long coaxial lines.
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o . o . bl o D B = e
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NEW MODEL 3208 Dual Video Distribution Amplifier actually contains 2 separate and
completely independent amplifiers and power supplies of the Model 3206 type in a
space-saving configuration.

=2, TELEMET COMPANY

Na a division of

?GIANNINI SCIENTIFIC CORPORATION

185 DIXON AVENUE, AMITYVILLE, N.Y. e PHONE (516) 541-3600
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INCREASING AM TRANSMITTER
MODULATION POWER

Most broadcasters belicve they
can improve their secrvice, sound
more powerful, and extend their
coverage using advanced modula-
tion techniques. What can really be
done in this area? If a transmitter
is modulated 100% and working
properly, - what else is there? The
technical standards for all United
States broadcast stations are given
in detail in Part 73 of the FCC
Rules and Regulations. The broad-
cast service area of a given radio
station is fixed by the license con-
ditions of the facility as sct by
frequency, power, antenna system,
and local terrain. The .5 mv/m
primary service contour cannot be
exceeded for any given licensed
facility. Rule 73.57 requires station
power not to exceed the limits of
5% above or 10% below the li-
censed value. Rule 73.55 says mod-
ulation power is not to be less than
85% on peaks, nor more than
100% on negative peaks. Other
audio characteristics are defined in
Rule 73.40 as to frequency re-
sponse, distortion, carrier shift, and
noise. All characteristics are to be
held within reasonably close toler-
ances, so it may seem there is very
little a broadcaster can do to im-
prove the efficiency of his radiated

by George M. Frese, Western

Regional Editor and Consulting Engineer,
East Wenatchee, Washington—A
discussion of various factors which

contribute to an improvement

in radiated modulation power.

signal. The most reasonable way to
proceced would be to increase modu-
lation power, and even this seems
to be pretty well fixed. The purpose
of this article is to point out pos-
sible mcthods for increasing modu-
lation power, consistent with im-
proving demodulated audio levels
in the receiver, while remaining
within the framework of all FCC
Rules and Regulations.

A Review of Modulation Basics

What then can be done to achieve
increcased modulation power on an
AM transmitter, and how effective
is cach procedure? In the course
of this discussion, we will cover
eight different techniques, all of
which are independent of each other
and therefore additive. Before these
procedures are attempted, the sta-
tion equipment should be gone
through carefully to bring it up to
top performance. Electrical char-
acteristics of concern are: frequency
response, distortion, noise, carrier
shift, and modulation capability.
Frequency response should be =2
db from 50 to 10,000 cycles, dis-
tortion as low as possible—prefer-
ably below 2%, noise below -50
db, carrier shift below 1% —prefer-
ably positive, modulation capabil-

db
TN R
0
-5 L1
-10 +—~-
~15—1—-
-20
-5
-30 30 50 100 400

————— Sl e 1
_____ O
______ P
...... Lo T
------ Bl
------ T —

1K 3.5K 5K 10K

CYCLES PER SECOND

Fig. 1.

10

Sharp - cutoff filter attenuates power - wasting frequencies below 100 cps.

ity to 100% on necgative pcaks and
over 120% on positive peaks.
These are not always casy stand-
ards to meet, but basically good
station performance is essential if
we arc to achieve better-than-
normal performance.

Assuming now that the station
equipment mects the standards set
by the FCC, in what arcas might
technical improvement  still  be
made?

I. A frecquency response
altered from flat might be
advantageous.

2. Many limiters and compres-
sion devices leave room for
improvement.

3. Transmitter carricr shift is

almost invariably negative.
This presents an area for
improvement, as negative

carrier shift reduces peak-
modulation capability.

4. Control of audio-wave sym-
metry presents several ave-
nues to further improvement.

5. Antenna - loading compensa-
tion can produce improved
radiation of modulated side-
band power.

6. Instantaneous peak clipping
can be used to some advan-
tage to bring up average
modulation power.

7. Linearity correction of the
audio signal fed to the trans-
mitter sometimes can be used
to improve the positive modu-
lation capability of the trans-
mitter and reduce distortion.

8. Reverberation and echo-
chamber techniques have been
used to give the aural impres-
sion of greater volume and
“fill in” the lower-level
periods.

Frequency Response
A frequency response flat from

BROADCAST ENGINEERING



30 cps to 15,000 cps 1s nice to
attain, but it can waste valuable
amplitude power space. For exam-
ple, there are practically no radios
built today that reproduce audio
signals below 100 cps. Even a good
hi-fi system suffers only a little
when frequencies below 100 cps are
removed. If we use amplitude power
space to transmit the lower frequen-
cies, we get very little from it, but
we do subtract from the much
needed midrange-frequency modu-
lation capability. A sharp-cutoff
filter which attenuates frequencies
below 100 cps can allow for a slight
increase in power for the midrange
frequencies that better transmit
intelligibility.

A slight increase in frequency
response in the 3500-cps region
will give a slight improvement in
the ‘“presence” of the audio—it
will sound crisper and more alive.
This occurs perhaps for two rea-
sons: The response alteration is
compatible to the ear’s loudness-
response curve, and IF response in
selective receivers starts to roll off
at about 3500 cps. Fig. 1 shows a
response curve, within the limits of
the FCC Rules and Regulations,
that is tailored to accomplish the
roll-off.

Automatic Level Control

Performance of automatic level-
control devices varies considerably,
and there is generally room for some
improvement even in the best of
them. The following topics indicate
some of the performance errors
which reduce their effectiveness:
(1) first pulse of audio passes
through at too high a level (see Fig.
2), (2) control pulse not balanced
out of the audio, (3) attack control
function is too violent, which over-
compensates the audio level follow-
ing a sharp rise (see Fig. 3), (4)
noise and hum are “pumped up”
during quiet periods, (5) gain re-
duction is triggered by signal ele-
ments other than the peak of the
audio waveform, (6) full amplitude
of the audio used for control, (7)
control range too limited, (8) har-
monic distortion increases exces-
sively with increased input level,
(9) control system is frequency se-
lective, (10) recovery-time rate im-
proper for the nature of the pro-
gram material, (11) output level
rises with increased input level.
These characteristics all can be

July, 1965

measured or observed and corrected
by adjustment or minor circuit
changes. For example, apply a
sinusoidal tone of any frequency
into your limiter and set the nega-
tive peak to an exact line on an
oscilloscope (connected to the lim-
iter output). Now feed your pro-
gram material into the limiter. How
closely is the negative audio peak
held to the line? Not very closely
as a rule, but proper adjustment
will usually bring it into line.

An ideal automatic level-control
system for AM broadcasting should
have the following characteristics:
(1) the first burst of audio must be
controiled quickly to preset value,
(2) audio-output signal should be
completely free from control-rate
voltage, (3) gain changes should be
deactivated during quiet periods,
(4) output level should be clamped
to the peak level of the negative
excursion, (5) harmonic distortion
must be held to a low value at all
levels, (6) the control system should
be insensitive to frequency, (7)
pulses and ‘“shots” should be con-
trolled by differential circuits so as
to give nearly instantaneous control
and recovery, (8) average-level
changes should be controlled by
peak-integrating circuits, (9) output
peaks should be kept absolutely
constant over the full input range.
Carrier Shift

During the modulation process,
the carrier - frequency amplitude
should remain constant. In most
broadcast transmitters, however, it
drops from 1% to 5% under full
modulation. This means that the
transmitter attains rated carrier
power without modulation, but
when the carrier is called upon to
deliver maximum intelligence, its
power has been reduced proportion-
ately to the square of the carrier
shift. Negative carrier shift is
caused by two factors, the first of
which is poor power-supply regula-
tion in high-level-modulated trans-
mitters. Most transmitters use a
common power supply for the
class-C RF stage and the class-B
modulator. During maximum modu-
lation, the class-C B+ voltage
falls causing the reduction in carrier
power precisely at the time it is
most needed. The second cause is a
non-linear response of the class-C
PA during the modulation process.
With new tubes and a properly

allows
limiting.

limiter action
without

Fig. 2. Faulty
first pulse to pass
tuned transmitter, this nonlinearity
has a positive characteristic, due to
the operating conditions of the
tubes, which nearly compensates
for the negative shift due to poor
power-supply regulation. As the PA
tubes age, however, they no longer
exhibit the positive linearity char-
acteristic because their effective bias
angle changes, and a higher value
of negative carrier shift sets in for
an appreciable part of the usable
life of the tube due to a decreased
modulation capability.

There are several solutions. The
first would be to use two separate
power supplies for the two func-
tions. With most existing transmit-
ters, this amounts to major rebuild-
ing and is not too practical. A sec-
ond solution would be to provide
an external system of compensation
modulation capable of modulation
down to DC. This could be achieved
by using a series-cathode modula-
tion system as shown in Fig. 4. The
cathode modulator should be capa-
ble of supplying around 10% the
level of the high-level modulator.
The control voltage should be of a
DC nature to overcome inadequate
power-supply regulation and of a
nonlinear positive-pulse nature to
correct for the nonlinear response
of the PA under modulation. Using
this system, carrier shift can be kept
in the plus region for a longer pe-
riod of tube life, so that expensive
tubes can be used longer due to
increased modulation capability.
Audio-Wave Symmetry

A pure sine wave and a funda-
mental wave containing only odd
harmonics will produce a symmetri-

Fig, 3. Excessive attack action creates
“holes" in keyed tone fed to limiter.



SHIFT
MODULATION

Fig. 4. Series - cathode modulation can
be used to compensate for carrier shift.

cal waveform. Any even-harmonic
component will introduce an asym-
metrical componcent, therefore al-
most all broadcast material is asym-
metric. Such an imbalance results in
heavier limiter action and a reduced
modulation capability.

Onc¢ approach taken to correct
this situation is to add a passive dc-
vice in the system which has an
increasing phase-delay characteris-
tic with increasing frequency. In
this system, the phase relationship
between the cven harmonics and
the fundamental is appreciably
altered. This reduces high-level
peaks in the audio waveform be-
causc the harmonics do not rein-
force one another to produce a
transient additive peak as often as
in the unaltered material. Passing
through phase-delay systems the
wave still remains asymmetrical,
however, and certain cven-harmonic
components that originally did not
cause excessive peaking may be
shifted to do so. If a phase-delay
system is used, it should be placed
ahead of the limiter.

The second solution to the prob-
lem is to keep all transducer leads
properly polarized to fit the system.
At first this may not seem practical
because audio changes its polarity
from moment to moment and pro-
gram to program depending upon its
point of origin. (If a transducer
consistently produces asymmetry on

FULL WAVE
POS. OR NEG.
PEAK CONTROL

FULL WAVE
OR NEG.
PEAK CONTROL

a wide variety of material, it is
probably defective and should be
replaced.) An automatic polarity
switcher (asymmetrical wave
switcher) provides an excellent so-
lution to the problem. This device
samples the input polarity and
switches the output polarity so that
the highest peaks ate positive. To
achicve maximum performance, this
switched audio is fed into a very
stiff negative-peak-controlled audio-
level device, the output of which is
the very maximum that can be used
to modulate an AM transmitter.
Any other overall control system
will always produce something less
than this optimum level, or will
produce overmodulation on nega-
tive pcaks. For this system to be
cffective, the transmitter should be
capable of low-distortion modula-
tion up to 100% on negative peaks
and as high as possible on positive
peaks, as modulation percentage
will always be over 100% on posi-
tive pcaks for any program material
transmitted. For a quick and sim-
ple explanation of the above prac-
tice observe Figs. 5A through 5D.

Antenna-Load Compensation

In order to obtain the maximum
possible efficiency from the modu-
lation process, all RF sideband fre-
quencies must be radiated in proper
amplitude and phase relative to the
carrier. With the modern vertical
broadcast towers, these electrical
characteristics are usually some-
thing less than optimum. A trans-
mitter best delivers its modulated
load into a pure resistance. This
pure resistance seldom occurs un-
less special correction circuits are
put into the tuning network. Even
this is not the whole answer. For
example, assume you measure the
tower impedance at the carrier fre-
quency and at the two maximum
sideband frequencies, then design,
build, and insert a network which
will make the input to the antenna

FULL WAVE
OR POS. NEGATIVE PEAK

PEAK CONTROL  CONTROL ONLY
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Fig. 5. Waveform symmetry affects limiting action and resultant controlled levels.
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system look like a pure resistance
to the transmitter. Chances are you
still may not achieve the results you
arc expecting. The reason for this
situation is that the problem in-
volves two factors, not just one.
Assuming sideband radiation re-
sistance is correct and sideband
power has a proper amplitude rela-
tionship to the carrier, the phase
relationship may be altered from
optimum by the corrrection net-
work! Therefore, the design of the
antenna correction network must
consider not only amplitude correc-
tion, but also phase correction, so
that the radiated sidebands are
correct in phase and amplitude.

In the casc of a directional an-
tenna system, the corrective net-
works must be placed at the base
of cach tower, not at the common-
input point. Directional antenna
systems with decp nulls often pro-
duce excessive null distortion which
is caused by a difference in phase
between the sidebands and the car-
rier. This results because the radia-
tion pattern and field vectors are
considerably differcnt for the side-
band frequencies. It is doubtful
that even with perfect network cor-
rection this condition could be
climinated, because the directional
antenna itself introduces some un-
controllable factors. In some cases,
an improvement may be noted since
the radiated system and pattern
will have less variations with fre-
quency than before.

Instantaneous Peak Clipping

Most c¢ngineers usually shudder
when peak clipping is mentioned
for broadcast use, because it usually
results in harmonic and intermodu-
tation distortion. Properly executed,
however, noticeable improvement
can be had. Using power-bias clip-
ping, if the audio level rises 1 db,
distortion will become excessive.
Thercfore, effective use of clipping
dictates that the clip level must be
held within close tolerances at all
times. If this is done, float clipping,
which is more effective and does
not get out of adjustment with
slight changes of level, can be used.
Exact adjustment of the clipping
level becomes rather involved. The
use of a scope and distortion meter
as a starter and finishing up with
a subjective response from several

® Please turn to page 29
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CONSIDERATIONS FOR
THE MAINTENANCE LOG

A couple of years ago, the FCC
instituted a rule which requires that
each AM, FM, and TV broadcast
station must keep a maintenance
log in addition to the regular pro-
gram and operating (transmitter)
logs. The Commission made no at-
tempt to specify the exact form the
maintenance log should take, al-
though they did specify its content.
Because scveral sections of the
Rules govern this log, there has
been rather general misunderstand-
ing of what should be contained in
it; therefore, we have collected
sample logs from a number of sta-
tions in order to analyze them and
determine what an ideal mainte-
nance log should contain.

In some radio services, 4 mainte-
nance log has been required for
many years. The licensee of a ship-
board radar or taxicab radio sta-
tion, for example, must keep a log
in which are noted all repairs and
service adjustments performed on
all equipment covered by the li-
cense. When most broadcast sta-
tions employed several First-Class
transmitter men, there was little
need for a maintenance log, except
as a convenience for the station
staff. But with the expanding use
of remote-control devices, and with
many stations employing only a
single First-Class operator or a
“contract chief” (part-time First-
Class licensee), it was quite natural
for the Commission to require that
certain inspections be made at spe-
cified intervals, and that notations
be made concerning these inspec-
tions and the maintenance per-
formed as a result of them.

General FCC Logging Rules

There are certain general require-
ments that apply to the maintenance
log (as well as to the operating and
program logs). These rules are
found in Sections 73.111 (AM),
73.281 (commercial FM), 73.581
(noncommercial FM), and 73.669
(TV). All versions are substantially
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by Thomas R. Haskett,
Regional Editor, Cincinnati, Ohio—
Important requirements dictated by FCC

Central

Rules are examined carefully and

suggestions made to ensure compliance.

Be sure your log contains all

necessary entries.

identical and, briefly, here is what
is required: Each station must keep
program, operating, and mainte-
nance logs. Each log shall be kept
by the person who has actual
knowledge of required facts, and
this person shall sign the log when
starting his shift and when he goes
off duty. Each log shall be kept in
an orderly and legible manner, so
that all data are readily comprehen-
sible. Key letters or abbreviations
may be used if proper meaning or
explanation is shown on the log.
Each sheet must be numbered and
dated. Time entries shall be either
in local standard or daylight-saving
time and times must be so indi-
cated. No portion of a log may be
crased, obliterated, or willfully de-
stroyed, and all logs must be re-
tained for at least two years (longer
if specifically requested by the
Commission). Any necessary cor-
rection may be made only by the
person originating the entry, who
shall strike out the erroncous por-
tion, initial the correction made,
and indicate the date of correction.
You can keep a rough log and later
transcribe it into a more formal ap-
pearance, but you must kecp the
original memoranda as part of the
complete log.

The above provides us with a
starting point for our ideal main-
tenance log. Certain items are
obvious:

Title—Maintenance Log.
Station call and city of license.

Date—This should include both the
day of the week and the day of the
month, as “Monday, May 10,
1965.” If the maintenance log is in-
tended to cover an entire week, this
should be stated with beginning and
ending dates given. Individual en-
tries must then also be dated.

Page number—Blank log forms
should contain no numbers; these
should be added as logs are filled
out and filed. Some stations bind
logs in a ledger or loose-leaf book

for retention, and they often place
dates and page numbers at the bot-
tom of the page for case in refer-
ring back to a particular log.

Time zone—To prevent confusion,
it’s a good idea for the log to con-
tain a printed statement of the time
reference, for example: “All times
entered herein are EST.”

Operator on/ off signature—A basic
requirement of all logs, this provi-
sion is expanded below and may
contain additional items.
Abbreviation code—You may usc
any code you wish to save spacc,
but you must explain it. Examples:
ANT—antenna; BUF—buffer; DRI
—driver; Ep—plate voltage; Ip—
plate current; K—1000. Note that
you aren’t required to use abbre-
viations; some stations don’t use
any and spell out every word.

Specific Maintenance-Log Rules
The cxact language prescribing
the maintenance log is contained in
the following Sections: 73.114
(AM), 73.284 (commercial FM),
73.584 (noncommercial FM), and
73.672 (TV). In most respects,
these requirements are similar. We
shall note the differences below:
Tower base - current ammeters(s)
(AM only)—a weekly reading and
entry must be made.
Remote antenna ammeter(s) (AM
only)—A weckly reading and entry
must be made of each meter, before
it is recalibrated against the actual
base ammeter.
Remote antenna ammeter(s) (AM
only)—A weckly reading and entry
must be made of the same meter(s),
after each has been recalibrated
against the actual base ammeter.
Auxiliary transmitter (AM, FM,
and TV)—Sections 73.63, 73.255,
73.555, and 73.638 require that an
auxiliary transmitter be tested at
least once a week (unless it has
been used upon failure of the main
transmitter). The maintenance log
must contain a weekly entry of the
time and the result of this test—
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STANDARD AM/FM MAINTENANCE LOG

DAILY EQUIPMENT INSPECTION

Date | Tgme [ Tme | Mointemance sccomplighe® Signature
EQUIPMENT STATUS
Beleciie Batipment Removed from Sgrvice Restored to Selfvice Signature
Date Time Date Time
Frequency Monitor
Modulation Monitor
Final-Plate Ammeter
Final-Plate Voltmeter
Base-Current Ammeter
Common-Point Ammeter

WEEKLY CALIBRATION ADJUSTMENTS

OPERATOR: LICENSE NUMBER:

Meter Main Mtr. Rem. Mtr. Main Mtr. Rem. Mtr.

Date Time Funct. Before Cal. | Before Cal. | After Cal. After Cal.
Ip-Pa
Ep-Pa
% Mod.
Freq.
Tower 1 |
Tower 2
MONTHLY FREQUENCY MEASUREMENT AND MONITOR CALIBRATION
Independent Measurement Result Frequency Monitor Reading
AM
FM
EXPERIMENTAL OPERATION & AUXILIARY TRANSMITTER TESTS
TIME Description and Results
| Signature:

TOWER LIGHTS

Inspection of tower lights made in accordance with Section3.65 17.37 & 17.38 of FCC Rules.

Any adjustments, replacements or repairs made to insure compliance are noted here:

| Signature: Date:

Week of to , 19 —.
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whether or not the transmitter op-
erates properly. Note that an AM
transmitter must be tested only be-
tween midnight and 9 AM local
time, and a commercial FM trans-
mitter must be tested only between
midnight and 6 AM local time. No
time period is specified for testing
noncommercial FM or any tele-
vision transmitter.
Frequency measurement (AM, FM,
and TV)—Time interval is not spe-
cified for this entry, and will de-
pend on your station’s practice or
license requirements. This entry
must show frequency measurement
by means other than the frequency
monitor. It’s a good idea to give
the name of the company making
the check. Measured deviation must
be shown, the time of the measure-
ment, a reading of the station moni-
tor at that time, and a note indi-
cating what adjustments (if any)
were made to make the monitor
agree with the independently meas-
ured frequency.
Calibration of automatic logging
equipment (AM, FM, and TV)—
Sections 73.113, 73.283, 73.583,
and 73.671 permit all stations to use
automatic devices to record entries
in the operating log. These same
rules require that such automatic
devices be calibrated once each
week and a notation to this effect
made in the maintenance log.
Instrument failure—Whenever any
of the following instruments be-
come defective and are removed
from service, an entry must be
made; when repaired and returned
to service, another entry must be
made. Some stations also provide
an entry showing date of occurrence
and the location of the FCC dis-
trict office to which failure notifi-
cation was sent as required by the
rules. Instruments covered and class
of station involved are as follows:
Modulation monitor (AM, FM,

TV)

Frequency monitor (AM, FM,
TV)

Final-stage plate voltmeter (AM,
FM, TV)

Final-stage plate ammeter (AM,
FM, TV)

Base-current ammeter(s) (AM
only)

Common-point ammeter (AM
only)

Transmission-line RF  voltage,

current, or power meter (FM
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and TV only)

(Note: For TV stations, each
item above applies to both the
visual and the aural transmitter.)

Tower lighting inspection and fail-
ure (AM, FM, and TV)—Tower
light inspections must be logged as
required by FCC rules or by the
station’s current instrument of
authorization. Section 17.38 states
that you must make a daily check
for proper operation of the tower
lights. Entries referring to these
daily checks are made in the oper-
ating log by some stations and in
the maintenance log by others; Sec-
tion 17.38 doesn’t specify which is
preferred.

Section 17.38 also states that
once every three months a com-
plete inspection shall be made of
all tower lights and associated
tower lighting control devices, indi-
cators, and alarm systems. An entry
must then be made—although not
specified, it’s probably best to in-
clude it in the maintenance log—
which must give the date of the
inspection and the condition of the
equipment, Details must be noted
of any adjustments, replacements,
or repairs made to insure compli-
ance with the lighting requirements,
and the date such adjustments, re-
placements, or repairs were made.

Section 17.38 also covers tower
light failure. Entries must be made
showing the nature of such failure,
the date and time the failure was
observed or noted, the date, time,
and nature of the adjustments, re-
pairs, or replacements made. You
must also give the location of the
Flight Service Station of the Fed-
eral Aviation Agency which you
notified of the lighting failure, and
the date and time of such notifica-
tion. When the light is replaced and
normal operation is resumed, you
must notify the FAA again and
make a further entry of this, to-
gether with date and time. It’s a
good idea also to record the name
of the operator on duty at the FAA
center to whom the report was
given,

Experimental operation (AM, FM,
and TV)—Complete details (date,
time, purpose, result, whether car-
rier was modulated or not), time(s)
of station identification, power,
mode of operation) must be given
for all operation during the experi-

mental period, unless such opera-
tion consists of regular program-
ming as for stations licensed for
unlimited operation.
Daily inspection (AM and FM only)
—Sections  73.93, 73.265, and
73.565 require that a complete in-
spection of all transmitting equip-
ment in use shall be made by an
operator holding a valid Radio-
telephone First-Class operator  li-
cense at least once each day, five
days each week, with an interval of
no less than 12 hours between suc-
cessive inspections. The operator
must sign a statement that this in-
spection has been made, noting in
detail the tests, adjustments, and
repairs which were accomplished in
order to insure operation in accord-
ance with FCC rules and the sta-
tion’s current instrument of author-
ization. The statement shall also
specify the amount of time, exclu-
sive of travel time to and from the
transmitter, which was devoted to
such inspection duties. If complete
repair could not be effected, the
statement shall set forth in detail
the items of equipment concerned,
the manner and degree in which
they are defective, and the reasons
for failure to make satisfactory re-
pairs. Some stations list the items
to be inspected (tower, transmitter,
console, limiter, patch board, fre-
quency monitor, etc.) so that the
condition of each may be noted
individually. It’s obvious that the
maintenance log must be kept only
by a First-Class operator. Some
stations provide a space for the op-
erator’s signature which is preceded
by a statement like: “I certify that
[ hold a currently-valid Radiotele-
phone First-Class license and that
1 have this date made the above
required inspection.” Some stations
also provide a space for the opera-
tor to list his license number.
Other entries (AM, FM, and TV)
—The rule says you must include
any other entries required either by
FCC Rules or by the station’s cur-
rent instrument of authorization.
Nonrequired Entries

In addition to the abeve items,
which are required by FCC Rules,
we found that many stations volun-
tarily include entries in the mainte-
nance log that aren’t required, but
which may be helpful. A note of
the instrument of authorization

® Please turn to page 26
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A NEW LOOK AT
NEGATIVE RESISTANCE

Negative resistance has been
around, as a plague and a blessing,
from almost the beginning of elec-
tronics. For most electronics people,
negative resistance was a plague: it
interfered with the operation of high
frequency amplifiers; it couldn’t be
seen or touched since it appeared
only in mathematical formulas and
in the errant operation of circuits;
and, it was ignored since it usually
could be analyzed as feedback. As
a result, the idea of negative re-
sistance has been surrounded by
confusion.

Most of the alibis for not ac-
cepting the idea of negative resist-
ance are no longer true. Modern
electronics has produced devices
that can be analyzed no other way.
Negative resistance exists across the
terminals of devices, independent
of external circuitry, as an observ-
able and measurable characteristic.
Because it sounds impossible it may
give one a sinking feeling in the pit
of the stomach, but it’s time to sece
just what negative resistance really
is.

It is natural for people working
with electronic devices, to think in
terms of the object that exhibits cer-
tain electronic properties. So, when
one thinks of resistance he thinks of
a resistor; when he thinks of in-
ductance, coils come to mind.
Usually, people think of objects
with weight and shape; this has in-
creased confusion about negative
resistance. People keep wanting to
think of a “negative resistor.”

1
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Fig. 1. Voltage-stable negative resistor.
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by C. G. Cunningham, Professional

Engineer, Taos, New Mexico—Part 1: A report

on one family of semiconductors and

the electrical phenomenon which makes

them useful in myriad applications.

If there were a “negative resistor”
how would it behave? The answer
to that question is quite surprising;
it depends on what kind of “nega-
tive resistor” is used—a current type
or a voltage type. Negative resist-
ance occurs when either the current
or the voltage in the familiar Ohm’s
law behaves directly opposite to
the usual case:

Negative R — %
Negative R = %

The first equation describes the
“negative resistor” in Fig. 1. As bat-
tery voltage is increased electrons
start to flow from the negative re-
sistor to the negative terminal of the
battery. Furthermore, as the volt-
age increases, this backward current
increases. This is known as a volt-
age-stable negative resistance; since
it is against the laws of nature, such
a device has never existed.

The second equation describes
the “negative resistor” in Fig. 2. In
this circuit, the variable resistor is
large enough to control the current
in the circuit regardless of what the
negative resistance does. This is
what happens: As the switch is
closed, electrons start to flow from
the negative terminal of the battery;
but, voltage at terminal 2 of the
“negative resistor” becomes more
positive than terminal 1. As the cur-
rent is increased, this voltage dif-
ference increases. This is the be-
havior of a current-stable negative
resistance. Once again, however,
there is no such device.

Since there is no such thing as a
“negative resistor,” what causes the
excitement? Today, there are de-
vices and circuits that display nega-
tive resistance over certain regions
of conduction or under certain con-

ditions. Since there is no other
word, we must call it just that—
negative resistance; it is a character-
istic, not an object. In order to
make this clear, some people use the
term “negative-resistance region” or
“dynamic negative resistance” to in-
dicate that special conditions are
necessary to obtain negative resist-
ance.

Now let’s look at negative resist-
ance as it really is, a negative-resist-
ance region in the volt-ampere curve
of some device. In Fig. 1, assume
this new device instead of the “nega-
tive resistor” is connected between
terminals 1 and 2. Also assume that
there is a means of controlling pre-
cisely the voltage across those
terminals. As the voltage increases,
current starts to flow as in any ordi-
nary resistor. As Fig. 3 shows, as
the voltage increases, the current
increases until we reach 10 volts
with a 100-ma current flow; this is
point 1 in Fig. 3. The ratio of volt-
age to current shows that, so far,
this is a 100-ohm resistance. As the
voltage increases past point 1, we
observe that the current decreases
until at 20 volts, point 2, a current
of only 50 ma is flowing. From
point 1 to point 2, there was a 10-
volt change with a 50-ma decrease
in current, or an apparent negative
resistance of 200 ohms.

In this circuit there is apparently
a 100-ohm resistor in.series with a
200-ohm negative resistance. This is
not a short circuit, however; the
total resistance has actually in-
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Fig. 2. Current-stable negeative resistor.
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creased! There is now a difference
of 20 volts at 50 ma for a total
resistance of 400 ohms across the
terminals. This is the voltage-stable
negative resistance that was de-
scribed in Fig. 1. One way of look-
ing at it is to assume that after point
1, current from the negative resist-
ance started to buck the current
that was flowing in the circuit. If
nothing else changed in the circuit
and the voltage was increased to 30
volts, there would be zero current
flowing—an apparent open circuit.
Of course no practical device works
this way; at some point the slope
changes again, and the current in-
creases with increasing voltage. This
is shown in Fig. 3 by the dashed
line from point 3 to point 4.

If we replace the current-stable
“negative resistor” of Fig. 2 with a
practical device having a current-
stable negative-resistance region, we
get the results shown in Fig. 4. In
this case, the current must be con-
trolled to examine the characteris-
tics. As the current through the unit
rises to 100 ma, as shown by point
1 in Fig. 4, the voltage rises to 10
volts. Again, so far, the unit looks
like an ordinary 100-ohm resistor.
As the current is increased to 125
ma, as shown by point 5, the volt-
age drops to 5 volts. This is a 5-volt
decrease with a 25-ma increase, an
apparent negative resistance of 200
ohms.

Once again, there is a resistance
of 100 ohms in series with a nega-
tive 200 ohms. In this case it ap-
pears to be more awesome, since
the current increases as the voltage
drops. This time, the net resistance
decreases as we move further into
the negative-resistance region. If
nothing changed, the voltage would
be zero when a current of 150 ma
was flowing. Of course a short cir-
cuit with ho voltage across it is not
alarming; but this is a short circuit
only when a 150-ma current flows.
Furthermore, if the current de-
creases, the voltage increases; this is
another fundamental characteristic
of negative-resistance devices. The
slope of an actual device would
change at some point and the volt-
age would start to increase as shown
by the dashed line from point 6 to
point 7.

The relative magnitudes of the
negative and positive resistances in
these devices cannot be taken at

July, 1965

—
=
o
o
=)
(]
4
/7
1 o
100ma+ -
7/
7/
//
50ma - 3 y.d
3
R

VOLTS

Fig. 3. Practical voltage-stable curve showing negative-resistance character.

face value. The negative-going ele-
ments are always dependent upon
the real voltage and current. De-
vices having negative-resistance
regions, as shown in the simple cir-
cuits of Figs. 1 and 2, always have
a net positive resistance. They also
continue to draw real current, show
real voltage across their terminals,
and dissipate real power.

In an ordinary resistor, the cur-
rent is proportional to the voltage;
for the negative-resistance regions,
however, the proportion is opposite
to that in the positive-resistance
regions. This phenomenon is used in
negative-resistance devices that are
biased in or near this negative-resist-
ance region with DC current or volt-
age. Signals are then AC-coupled
to operate the circuit in the nega-
tive-resistance region. Under these
conditions, the device can be used
as an oscillator, amplifier, switch, or
multivibrator. The useful energy
delivered by such circuits comes, of
course, from the bias source in-
directly through energy stored in
capacitors or inductors.

Before the advent of semicon-
ductors, negative resistance in elec-
tronic circuits appeared primarily as
a nuisance. High-gain amplifiers

with stray feedback appeared to
have a negative input resistance at
certain frequencies and would oscil-
late unless care was taken to prevent
it. However, early manifestations of
negative resistance were not all lia-
bilities; the dynatron oscillator uti-
lized the negative-resistance char-
acteristics of the tetrode. Some types
of multivibrators and flip-flops using
vacuum tubes were considered nega-
tive-resistance devices. Relaxation
oscillators using gas-discharge tubes
and neon bulbs are current-stable
negative-resistance devices similar
to Fig. 4 except that their negative-
resistance region is much sharper.
Most vacuum-tube circuits which
were operated as negative resistance
devices depended on feedback to
achieve the desired characteristics.
It was not an intrinsic property of
the components used. More recent
developments included were video
amplifiers, active filtering elements,
and operational amplifiers for ana-
log computers. These circuits could
be arranged to present a pair of
terminals that exhibited a negative-
resistance characteristic. This region
of negative resistance, though, was
usually limited as to range of volt-

e Please turn to page 32
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CHOOSING CABLE FOR

Continuous expansion of multi-
channel CATYV service requires low-
loss cables to allow operation at the
high-channel frequencies and to
minimize losses in systems covering
large geographical areas. Since all
cables cause signal losses that in-
crease as the frequency of the sig-
nals fed through the cable increases,
these losses determine trunkline-
amplifier spacing. Because signal
attenuation also varies with temper-
ature, AGC units and thermal
equalizers are required to maintain
constant signal levels. In choosing
cable for a CATYV system, there are
three basic factors to consider:
attenuation; return loss; and mois-
ture resistance. Of these, signal
attenuation is the most significant
parameter.

Automation Factors

Table 1 shows the loss character-
istics of several commonly used
CATV cables. Cable loss is pri-
marily a function of the resistance
of the center conductor. The larger
the center conductor, the lower the
attenuation figure. Increasing the
size of the center conductor, how-
ever, necessitates an increase in the
outside diameter of the cable. This
is true because all CATV cables
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Fig. 1. Test setup for return-loss measure-
ment provides evaluation of CATV cable.
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by Lon Cantor, Philadelphia, Pa.—The

highly critical component in a CATY
system comes under closer scrutiny,

CATV

have an impedance of 75 ohms, a
characteristic determined by three
factors: the size of the conductors,
the spacing between the conductors,
and the dielectric used. Thus, when
the diameter of the center con-
ductor is increased, the spacing be-
tween conductors must also be in-
creased to maintain the 75-ohm
impedance (unless a different dielec-
tric is used). Naturally, larger cables
are harder to handle and more ex-
pensive. In spite of these factors,
however, more complex systems
require cables that exhibit lower
losses, so most CATV engineers
lean to the physically larger and
more rigid cables.

Notice that the attenuation fig-
ures shown in the table increase
with frequency. Attenuation at
channel 13 is almost double that
at channel 6. For this reason, cable
limitations restricted early CATV
systems to the low band where the
maximum number of channels is
five. Many modern CATV systems,
however, provide as many as 12
channels, using the entire VHF
spectrum. This increased service
has become possible through de-
velopment of cables exhibiting ex-
tremely low losses.

Another cable attenuation fac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>