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. SYNC GENERATOR

TV HEART

2< BEST WON’'T DO

“SYNC GENERATOR—THE REAL
HEART OF YOUR TV SYSTEM

If it talters or stops, everything ceases! Like your heart, it sends
pulses throughout your TV facilities. All other equipment depends
on its reliability, accuracy, stability. Riker Industries Sync Gen-
erators are based on computer logic techniques — not merely
transistorized versions of tube circuitry. Imagine an EIA Sync
Generator so stable that no front panel adjustments are neces-
sary. To be sure, parameters are adjustable but once set, they
DO NOT VARY—pulse widths and amplitudes are controlled by
fixed delay lines, binary counters and zener diodes. From a cold
start, all levels are as pre-set. In long term use, there is no drift.
Switchable-Free running, Crystal, AFC, Color.

All portions of the Riker Sync Generator are supplied as modules.
Systems may be assembled to meet your exact present require-
ments, .features may be changed or added to meet future needs.
All units, 3%z high, may be rack mounted or in portable cases.
AVAILABLE MODULES: Timer * Pulse Gates + Counter - Pulse
Amplifier - Sync Lock « Switchable 3 Speed Vertical Lock - Bar
and Dot Generator - Remote and Automatic Sync Change-over
+ Color Frequency Standard - Subcarrier Regenerator « Diagonal
Bar Generator - Vertical Phasing Module.

Proven by 4 years of continuous operation. In use in all major networks.

IMMEDIATE
DELIVERY

RUKERYINDIYSTIIRIESAIINICE L‘J ..thinking ahways of tomorrow
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for \yo.uf”éation !

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

the new compact
reverberation system
which gives your sta-
tion that real big
‘ voice. With the Re-
f i ) '\:erbetr'tIrt;ncyou can
L = ave that Carnegie

4"'H+ 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 to Fairchild — the pacemaker in
professional aud:o produck

.F,..ﬁ, ——

FAI R C H l LD
RECORDING EQUIPMENT CORPORATION
1040 45th Ave., Long Island City 1, N. Y.
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- VMIE

Leads The Way!

'IMAGE ORTHICONS - RESISTRONS
STANDARDS CONVERTERS « CENTRAL SYNC. SYSTEMS

ORTHICON CAMERAS - WIRELESS CAMERAS - VTRs

VME VTR’S The World’'s Only True Helical Recorder

Only VME VTR's give you a irue helix wit1 re
sulting single video head sinplicity. Exclusive
alpha w-ap on scanning drum gives 360" scan
and absolute minimum image loss

The /ME 600 has the same <uperior cons ruc
‘ion and attention to detail in1erent in the pro

VME

VTR PERFORMANCE DATA

FEATURES AND

i Tl M I LG CIC PERFORMANCE DATA VME 500 VME 600
essionmal broadcast model VT ME 500). Only A A
- ML 3,90
- the VMZ 600 VTR, successfully Jemonstratec and :""s e 32;950
A ot ie - = & professionally accepted by cuality-mindec TV o L |
stations incorporates engineering advances of Hibieo Response 4l0/megacycles W me
the mcre expensive VIR's selling for u3 to plumberjof Aucio 110 16 1108

Tracks Available
Picture Quality

Number of Scanning
Heads to Replace

Head Replacement

Full Broadcast

1

Exceeds 16 mm

BES 3
5 s . 3 \’ !g Cost $45 00 $25.00
—— . Helhcal Helcal
. 3 Scanning Orum Wrap | 1005713600 Alpha (o) 360°
i * Tape Speed 6751p.s S10ips
Reel Size and Type 104" NARTB 8" NARTB
. ° )
- Yideo Head to .
.o Tape Speed 11801ps 8921ps
. s Playing Time
VME 600 “:;' e 2 hours, 20 min 1 hour, 23 min
7388 Tape)

FOR STUDIO |FIELD
BLACK AND WHITE PROGRAMS...

Tha Now INSEH 37 O H | \| A K

First temperzture stabilized camera with total maintenance accessibility. Opens from
sides, top, r2ar...inside decks slant out, too. Superior performance and maximum
stability mair tained regardless of temperature change. Features: Novel automatic tem-
perature con rol for the camera tube o Noiseless fan virtually eliminates pickup by
studio microphones « Heater equipment for rapid camera warmup e Iris control driven
by noiseless servo motor — remote control and remote indicator at cortrol position
e Five-way lens turret with rapid change lens mounts and an illuminated test pattern
projector e Lens indicator and camera signal lamp directly below viewfinder screen o
Dynamic focLs correction gives optimum focus and clean picture backgrnund e Auto-
matically operating stabilzer keeps temperature of camera tube constant within a few
degrees independent of tie ambient temperature — corrects for ambients from 0° to
95° F. « The temperature of target of the image orthicon is read on the meter at the
camera control position and is fully adjustable. Request quotation.
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Write today on your ccmpany letierh2ad fo- complete details

\/[1 VIDEO-MEDICAL ELECTRONICS CORP.

NEW YORK, N. Y. 10@20. Telephone: 245-2411

TIME & LIFE BUILDING
ROCKEFELLER CENTER
Coble: VIDMEDCO. NEWYORK / Teex 224573
Isclusive distribu-ers for

Fernseh &Viimless (26 Ibs.) NMonochrome Camnera with Remote Sync. Used by networks at political canventions.
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MORE ON-THE-AIR HOURS
WITH THESE PENTA TUBES

PL-6775 unilaterally inler.
changeable with the 4-400A, re-
duces the problem of interelec-
trode shorts and weak plate seals.
Because of an exclusive Penta
filament-supporting insulator, the
PL-6775 can be mounted in any
position and will withstand ex.
tremes in shock and vibration. The
rugged one-piece plate cap and
seal won't easily break off, can’t
fall off. Ratings of this rugged
tetrode, now widely used by broad-
casters, are the same as for the
4.400A.

o
“~
p

PL-4D21A js directly inter-
changeable with the 4D21

-

(4-125A) and offers a plate dissi- o a5
pation of 175 watts — 50 watts ; "F.!_!:
more than the 4D21 (4-125A). | R
Broadcasters have reported up to N =)
three times the life of the con- — -‘."' 3
ventional 4D21, thanks to the ex- A‘: 2 “"’:ﬂ
clusive Penta ribbed anode and N® I~
the one-piece plate cap and seal. J ‘:

Write today for full details on both of these rugged, reliable
Penla tubes.

MOLYBOENUM
LEAD

B, Rugged plate cap and seal used

on PL-6775 and PL-4D21A. One-
onex ausss s piece, low-loss seal has no screws
or pieces to come locse., Won't
break off.

METAL CAP

THE PENTA LABORATORIES, INC.

A SUBSIDIARY OF RAYTHEON COMPANY
312 N. NOPAL ST. — SANTA BARBARA, CALIF. 93102
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LETTERS

to the editor

DEAR EDITOR:

Some of your readers may need to
know where to obtain service informa-
tion or parts for ITA transmitters. The
address is:

Mr. William Johnson
Chief Engineer
Wilkinson Electronics
1937 McDade Boulevard
Woodlyn, Pennsylvania
The telephone number is: area code 215,

TR 4-5236.  THOMAS R. HASKETT
Broadcast Consultant,
Cincinnati, Ohio

Tom is one of our Consulting Authors.
This information is one of the little “ex-.
as™ provided by this alert group.—Ed.

DEAR EDITOR:

Many times I've wished I had a small,
transistorized audio oscillator for mak-
ing quick frequency-response checks on
a remote line. but I've never had time to
work out a design for such a tool. An
inexpensive unit capable of providing a
few fixed frequencies and of being con-
nected to the input of the remote ampli-
fier would be fine. I wonder if anybody
has ever built such a thing.

HOWARD WALDEN
Indianapolis. Ind.

Can any of our readers come to How-
ard’s rescue with information on such a
device they've built?>—Ed.

DFAR EDITOR:

Recently I appealed to the local radio
broadcasters for assistance in publicizing
the change from CONELRAD to the
Emergency Broadcast System, in an at-
tempt to clarify confusion that still exists
in the public mind.

They suggested a simultaneous broad-
cast over all local stations as having the
greatest potential impact. Station per-
sonnel wrote the script for the taped
program, which included the best-known
local radio personalities and the Chair-
man of the Shasta County Board of
Supervisors, the County Civil Defense
Director, the Mayors of Redding and
Anderson, representatives of the Sheriff's
Department, and the Civil Defense
Coordinator for Trinity County.

The broadcast originated in the studios
of KQMS, was transmitted by wire to
KAHR, and was then broadcast for off-
the-air pickup and rebroadcast by the
remaining four area stations. For a 15-
minute period the entire area of Shasta
and Trinity Counties was blanketed with
this program explaining the Emergency
Broadcast System.

I am very proud of this effort on the
part of these people.

TOM H. GAINES
Shasta County Civil Defense Coordinator,
Redding. California

We appreciate your sending along this
information about your EBS publicity
campaign. Perhaps other broadcasters
will want to try it.—Ed.

BROADCAST ENGINEERING



15 Years Old
and Still
Ahead

of the Times!

It may not look revolutionary today, but

Y. fifteen years ago the E-V 655 shown here

was unique. Then it was the only truly omni-

directional dynamic microphone on the market.

And it offered ruler-flat response from 40 to

20,000 cps, plus plenty of output for critical
broadcast applications.

Even today, those specs are first rate. Many
of the early 655’s are still proving that in depend-
able daily service. But during the years, E-V has
continued to refine and improve so that today’s
Model 655C can set even better records for per-
formance and service.

Having proved the point, the 655 inspired a
complete series of Electro-Voice omnidirectional
microphones that serves every need over a wide
price range. The full benefit of our fifteen years
of design leadership is lavished on even the most
modest model in the line.

For instance, every slim E-V dynamic micro-
phone uses the famed Acoustalloy® diaphragm.
This E-V exclusive insures more uniform re-
sponse while withstanding the effects of high
humidity, temperature, corrosion and shock. It
makes E-V omnidirectional microphones almost
indestructible.

You’ll learn the real value of engineering
leadership when you put any of these slim E-V
dynamics to work in the field. You can do it with
the extra assurance of a /iferime guarantee against
defects in materials or workmanship. See them
now at your franchised E-V microphone head-
quarters, or write for complete catalog today.

Model 655C Model 636
$200.00 $72.50
Model 6544

Normal trade discounts apply to list prices shown.

ELECTRO-YOICE, INC.
Dept. 252V, Buchanan, Michigan 49107

SETTING NEW STANDARDS IN SDUND

Circle Item & on Tech Data Card




THIS IS THE TURNING POINT IN TELEVISION TAPE RECORDING:

The days of updatirg are
over. The days of tele-
vision tape recorder per-
formance inadequate to
/ the demands of telepro-
duction are over. The
days of equ’pment performance in-
adequate to ithe demards of color re-
cording are over. The days when you
are asked to pay upwards of sixty
thousand dollars tor a recorder that
will be techno'ogically bypassed 'n
less than two years are over. Now
for the first time —there is a recorder
so advanced it can maxe superb,
broadcast-cuality fourth generation
black-and-white tape copies. Now
for tne first time—there is a recorcer
capable of procucing superb, broad-

THIS IS THE

cast-quality third generation coler
copies. The VR-2000 is revolution-
ary in concept'on: Ampex eng‘neers
made an exhaustive mathematical re-
examination of tne signal handling
theory which had been the basis fcr
all the recorders aevaloped in the ias:
nine years. Resu't: a new standard
utilizing a rew high-band carrier/
deviation frequency cf 7.06 to 10.0
Mc. The VR-2CO00 is revolutionary in
execut’on: the new cr'teria called for
the development of a completely new
head assemaly, a completely new
mechanical design, a completely new
signal electronics system, with buiit-
in Intersync television signal syr-
chronization. Result: a recorder with
a S/N ratio up *o 46 db; a basic fre-

TURNING POINT IN TELEVISION

quency response to six megacycles
depending on standard used; a tran-
sierit response “K" Factor of less than
2%: moiré so minimal as to be virtu-
ally ncnexistent. Result: a recorder
whicn provides a total telep-cduction
capabi'ity that even includes frame-
by-frame animation (when equipped
with the exclusive Ampex Editec*
System). Result: a recorder that de-
livers picture quality that has to be
seen to be believed. Result: a re-
cerder that marks the turning point
of what can only be called a new era
in television tape technology. Term
financing and leasing available. For
information call your Ampex repre-
sentative or write: Ampex Corp., 401
Broadway, Redwood City, California.

TAPE PRODUCTION:




SUPERB, BROADCAST-QUALITY FOURTH GENERATION DUBS.

AMPEX VR-2000

J

TELEPRODUCTION

VIDEOTAPE* RECORDER.



"NOBODY 'cg, f

SWEATS"

Read what the pros really say about this

“It's an absolutely professional unit.
Has all the built-in features of a
statior. control room.’

“We made a ckeck-list, then went
to all the manufacturers. Nobody
had the comple:ely right urit as a
standard item—until Northern came
up with this one. It has every single
item that we specified.”

“Our unit has to take a real pound-

1064-2

ing on rough roads. But when we
get to a remote, we just connect up
the lines, plug it in and we're in
business.”

*Our first unit (of two) is used in
our Satellite Studio trailer. Because
of its low heat output we saved the
cost of exira blowers that other
models would have needed.”
Northern are nuts to advertise this

nr
<> N

1.5'.\

L‘

only as a remote unit. It would be a
natural as a regular studio control
room.

“Maintenance is a snap. Just undc
three screws and everything is ac-
cessible.

“The only thing tkat can stop this
unit is lack of imagination by the
station.”



brand new transportable production centre

Capsule specs: start with an improved schid-state
version of the rugged 22-type speech input console;
add two 12” turntables, full cue, monitor and
switching facilities; six additional inputs with
plug-in pads for high-low input options. Engineer
it for people, package it properly and make it
transportable.

Circle jtem 8 on Tech Data Card

DESIGNED AND MANUFACTURED IN CANADA
BY THE SAME TEAM THAT BUILT THE VIDED
ROUTING SYSTEM FOR CBS, NEW YORK

Northern [IQC‘ffI'C COMPANY LIMITED

Specifications : write Depi. 9950, Belleville, Cntario, Canada.



USING YOUR
TRANSMISSION SET

The engineering staff of the
average broadcast station is respon-
sible for making the annual audio
proof-of-performance measurcments
required by the FCC Rules and
Regulations. These measurements
consist of a noise and distortion
check and a frequency-response
check. The equipment used to make
the measurements consists of an
audio oscillator, a distortion meter,
a detector, and a transmission set
of some kind. Operation of the os-
cillator and the distortion meter
should be explained fully in the in-
struction manuals supplied with the
equipment. The detector can be of
straightforward design. Recently,
two different approaches to the
construction of the transmission set
were presented in BROADCAST
ENGINEERING.* This article pre-
sents some useful hints regarding
the use of the transmission set in
broadcast-station measurements.

Function of Transmission Set

Basically, the function of the
transmission set is a very simple
one: measuring the output level of
the audio oscillator and then reduc-
ing this level a known amount so
as to prevent overloading of the

**Two Low-Cost Transmission Sets,” by
Robert L. Miers and Frank B. Ridge-
way, page 14, September, 1964, BROAD-
CAST ENGINEERING.

AUDIO TRANSMISSION
OSCILLATOR sa EQUIPMENT ¢

DISTORTION
=] ocioR [— METER

Fig. 1. Block diagram showing equipment
interconnections for AM system tests.

12

by Robert L. Miers, Consulting

Engineer—Some hints for using a

input stages of the equipment under
test. The reason for using a high
oscillator output is obvious: The
signal-to-noise ratio can be kept
higher under this condition than
when the output level of the oscil-
lator is low enough for direct con-
nection to a microphone preampli-
fier. This high signal-to-noise ratio
is not lost by the insertation of
attenuators in the system after the
oscillator.

Frequency-Response
Measurements

The transmission set is perhaps
most useful in the arca of frequency-
response measurements.  Several
methods of measuring the response
have been used. One such method
makes use of a constant input level,
another a constant output level. In
the first method, the transmission
sct is used merely to set the level
going into the equipment under
test; thus the operator must rely on
the accuracy of the output measur-
ing equipment to determine the
deviation from the reference signal
level. In practice this is accom-
plished by holding the input level
constant irrespective of the test fre-
quency and reading the deviation
on the modulation monitor or some
other indicator.

The second method, using a con-
stant output level, is usually more
accurate and easier to perform than
the first. This second method will
be illustrated by the use of an exam-
ple. The discussion will be based
on a standard broadcast station
having an audio chain composed
of the following equipment: console
with microphone preamplifiers and
program amplifier, AGC amplifier,
limiter, and transmitter.

The Equipment

The equipment is set up for the
test as shown in Fig. 1. The audio

transmission set, with emphasis on AM
frequency-response measurements,

oscillator is connected to the trans-
mission set, which in turn is con-
nected to the microphone input
terminals on the console. A sample
of the RF signal is obtained from
somewhere near the final tank cir-
cuit of the transmitter and fed into
a detector. A distortion meter is
connected to the detector output. If
valid results are to be obtained
from the measurements, good
grounding procedures must be fol-
lowed in setting up the equipment,
and the measurements must be
made with limiting or AGC ampli-
fiers bypassed.

The detector in the station modu-
lation monitor may be used for
these measurements if none other is
available. However, using a sepa-
rate detector permits the engineer
to check the modulation monitor as
well. One such detector circuit is
shown in Fig. 2.

The Technique

The FCC requires that the re-
sponse of the system be measured
in reference to 1000 cps; therefore,
the first measurement must be a
determination of the signal level
necessary to modulate the transmit-
ter to the required percentage of
modulation at this frequency. To
do this, adjust the 1000-cps system
input to produce 100% modulation
as observed on an oscilloscope.**

CRYSIAL
0100€

o
Lal
s E L3
INPUT
T

bt

=B

AUDID CUTPUT
10 NOISE AND
DISTORTION METER

Fig. 2. Simple detector circuit suitable
for use with the noise-distortion meter.

BROADCAST ENGINEERING



As an example, the oscillator out-
put level might be 4-10 VU, and
the attenuators might give a reduc-
tion of —64.2 db. The output level
of the detector as measured on the
VTVM circuit of the distortion
meter should be recorded for use
in plotting a calibration curve of
detector—distortion-meter indication
(at 100% modulation) vs. frequency.
Such a curve will be useful later in
determining lower levels of modula-
tion to a high degree of accuracy.

After the 1000-cps reference
level has been established, measurec-
ments can be made at the other
required frequencies. Assume the
oscillator is changed to have an
output frequency of 5000 cps and
its output level is adjusted to be
exactly the same as at 1000 cps.
The modulation level is again set
at 100% by observation of the os-
cilloscope and adjustment of the
transmission-set  attenuators. The
variation in response of the system
is equal to the algebraic difference
between the 1000-cps setting and
the 5000-cps setting. Suppose the
attenuators read —64.9 db; the
difference is 40.7 db. One can
reason this result by observing that
therc was more attenuation (less
input to the tested system) in the
circuit at 5000 cps than at 1000
cps; the system response must be
greater at 5000 cps to produce the
same output with less input. Re-
peating this procedure for the other
test frequencies will result in the
frequency response data (Table 1)
necessary for plotting the curves
required by the FCC for the 100%
modulation condition. One such
curve is shown in Fig. 3. For each
frequency, the meter reading at
100% modulation should be re-
corded for use in plotting the cali-
bration curve previously mentioned.

Modulation Percentages
Determination of the 85, 50, and
25% modulation levels by use of
the oscilloscope could be done by
the use of the following formula:
A —B
M =
A+ B

X 100%

where,
M is the percentage of modula-
tion, and

**See “Calibration of AM and FM Mod-
ulation Monitors,” by Robert A. Jones,
page 12, November, 1964, and “Letters
to the Editor,” page 6, January, 1965,
BROADCAST ENGINEERING.

February, 1965

Table |. A typical set of response measurements for 1009, modulation.

30 cps S0cps 100cps
1 —60.9 —60.9 —60.9
2 —57.%6 —58.2 —60.3
3 - 33 - 2.7 — 0.6

400 cps 1000 cps 5000 cps 7500 cps
—60.9 —60.9 —-60.9 —=60.9
—60.8 —60.9 ~-60.0 —59.7
- 0.1 - 0.0 - 0.9 - 1.7

Line | is the setting of the attenuators (in db) for the 1000-cps reference.

Line 2 is the attenuator setting that produced the same output (indicated on
the distortion-meter—detector-circuit) at each frequency listed at the top of

the table.

Line 3 is the algebraic difference between lines | and 2, or the relative response

of the equipment under test.

A and B are dimensions meas-
ured from the trapezoidal pattern
(A being the larger and B the
smaller).
This method soon becomes a time-
consuming task. Another way would
be to observe closcly the levels in-
dicated by the modulation monitor.
However, the monitor has not been
calibrated to the accuracy that
would be needed for this purpose.
It will be noted that there are a
0-110% scale and a —20-to-0 db
scale on the modulation-monitor
meter (Fig. 4). This indicates that
different percentages of modulation
can be compared in terms of deci-
bels. The basic decibel formula is:
db — 20 loge Ei/E:.. Since the
audio output voltage from the de-
tector is proportional to the per-
centage of modulation, the ratio of
the voltages for two given modula-
tion percentages is the same as the
ratio of the percentages. For in-
stance, the audio voltage for 50%
modulation is % the voltage for
100% modulation (other things

being equal).

The modulation percentages of
interest are 100% (easily read on
the oscilloscope), 85%, 50%, and
25%. From the foregoing discus-
sion, it can be seen that each per-
centage corresponds to ‘‘x number
of db below 100%.” If the input
to the transmitter is reduced so that
the detector voltage decreases by
1.4 db for 85%, 6 db for 50%,
etc., the percentage of modulation
has actually been reduced to 85%,
50%, etc.

The only problem remaining is
to make surc that these level re-
ductions are made accurately. If
the distortion-meter—detector-circuit
measures directly in db (as some
distortion meters do) it is a simple
matter to set the modulation level
by this method. If the appropriate
factor for the frequency in question
is taken from the curve of calibra-
tion accuracy described earlier and
is applied to the meter indications,
no appreciable error is introduced

® Please turn to page 63
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PLANNING THE LOW-BUDGET
UHF-TV STATION

The all-channel television re-
ceiver laws have stirred noticeable
interest in the UHF band among
medium-market radio broadcasters.
To answer some of the questions
of engineers and managers consid-
cring UHF in these markets, we
visited several existing small- and
medium-budgeted UHF television
stations, talked to many engineers*,
and examined their equipment.

Question: What is the first step
in planning a low-budget UHF
station?

Answer: The would-be owners
and managers must decide what
market area they want covered.
When asked how best to determine
potential audience, engineers vol-
unteered that any area where net-

‘Chief Engineers interviewed were: Mr.
T. A. Greene, Chief Engineer of
WSYE-TV, Elmira, New York, a UHF
satellite of a Syracuse VHF station;
Mr. Gino Ricciardelli, Chief Engineer
of WINR-TV, Binghamton, New York,
an AM - radio/UHF-TV combination
with separate TV studios and trans-
mitter; and Mr. Louis Stantz, Chief
Engineer of WBJA-TV, Binghamton,
New York, a low-budget UHF station
with combined studio, offices, and
transmitter. Photos by Peter L. Tarolli.

by George Sitts, B-E Consulting Auther,

Staff Engineer WHEN TV, Cortland, N.Y.

—Part. 1. A compendium of ideas and

suggestions derived from interviews
with engineers who learned the

hard way, by experience.

work service would compete with
existing VHF service of the same
network should be disregarded. To
open an independent UHF station,
in a market covered by VHF af-
filiates of the threc major networks,
will normally entail heavy operating
losses for an indefinite period, even
in a large urban area.

Q: Once the market area is de-
cided, what comes next?

A: The second step is the selec-
tion of the best possible transmit-
ter site. Because of the linc-of-sight
characteristics of UHF signals, a
good site is worth thousands of
dollars over a mediocre site be-
cause of savings in needed trans-
mitter power, tower height, and
translator coverage of shadow areas.
While site hunting, look first for
a site that will place the antenna
within linc-of-sight of as many
viewers as possible in the market.
You cannot count on dependable
coverage of shadow areas, even if
they arc necar the transmitter. For
cxample, onc station we visited,
which had a visual ERP in excess
of 200 kw, found it necessary to
add a translator to cover homes less

/ -

Fig. 1. Partial front view of a UHF-TV broadcast transmitter.
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than four miles from the tower,
because they were shadowed. Se-
lection of the site should depend
on knowledge of the area, a care-
ful review of topographical maps,
and trips to scveral potential sites.

Q: How does one choose from
several good sites?

A: Once the choice of sites has
been narrowed to those most prom-
ising, estimate the transmitter power
and tower height each site would
need. Most engineers suggest a sig-
nal strength of at least 5000 uv/m
over the cities and 2000 uv/m in
the suburban areas. Besides, the
FCC requires a grade-A signal
covering the major city. The engi-
neers we talked to found 10- or
12.5-kw transmitters worked fine.
Those who had started with less
power found it necessary to increase
to get a satisfactory year-round
signal into homes, while one engi-
neer had reduced power because he
found a change from 25 kw to 12
kw prompted no complaints, even
after a full year’s operation at the
lower power.

Q: How do tower heights
compare?

Fig. 2. Diplexer (right) and monitors for transmitter in Fig. 1,

BROADCAST ENGINEERING



A: Tower size was not as con-
sistent as transmitter power. Tow-
ers ranged from 250’ to 1000'—
supporting the antenna high cnough
to eliminate most shadow areas.
Tower height was used principally
to overcome site disadvantages. In
general, the better the site and ter-
rain, the less tower height is needed.

Q: How arc antenna gain and
effective radiated power decided?

A: The stations we visited had
antennas with gains from 20 to 55.
Some electrical and mechanical tilt
was also used to cover nearby re-
ceivers. All these antennas were of
the omnidirectional type, although
currently the FCC allows direc-
tional antennas in the UHF band.
It was suggested by the enginecrs
that, in planning a new operation,
tower and antenna be custom de-
signed to cover most cffectively the
specific market. Present devclop-
ments in antenna design allow an
engineer to put strong lobes of
power into distant areas while
supplying medium signals close in
and nulling signals that would
otherwise be dissipated into moun-
tains or over water.

Q: What other factors can help
in sclecting a site?

A: There are several: First, if
there is another UHF station al-
ready established in the arca, con-
sider locating the transmitter ncar
it. Engineers who have transmitters
located on opposite sides of a mar-
ket area report they arc sometimes
faced with the problem of encour-
aging homeowners to install a sepa-
ratc antenna for each station.

Fig. 3. Console serves as control center in typicai UHF station.
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Sccond, there are a number of
factors which must be investigated
to determine the total initial cost
of the transmitting site—such as
cost of land, building, tower crec-
tion, access road, availability of
clectrical power, phone lines, water,
and scwage facilities.

Q: Arc therc any precautions
to take when investigating thesc
details?

A: There are several points.
First, transmitters, cxcept the very-
low-power types, use three-phase
AC power. A 12.5-kw transmitter
uses about 400 amps of 230-volt
threc-phase power. Keep in mind
that many rural high lines are not
three-phase; be surc the power
estimate specifies three-phase. Con-
cerning building power, most of the
locations visited used another 400
amps at 230 volts in addition to
the transmitter demands.

Second, there are different ways
to obtain a network signal. The
major routes are covered by AT&T,
which keeps signal quality high; if
AT&T service is reasonably avail-
able, usc it. Stations located away
from AT&T video circuits must
rely on other means of securing
network service. The simplest is a
direct air pickup of the network
signal as it is broadcast from a sta-
tion on a network circuit. Direct
pickup has its disadvantages,
though, because the fact that one
has a network affiliation implies
that strong network signals are not
available in the area. It is true that
the transmitter site, if it has been
carefully selected, is likely to be an

cxcellent pickup point. It is also
true that several thousand dollars
could be spent on reception equip-
ment which the average homeowner
could not afford even if he had
such a good location. In practice,
however, most engineers find that
the signal is not strong enough to
be entirely satisfactory even though
high-quality pickup equipment is
used. In these cases, the stations
microwave the signal from some
pickup point closer to the sister
network station. This is done either
by a contract with a microwave
network, such as those serving
CATV’s, or by setting up a special
link.

Q: What recurring costs are asso-
ciated with the site itself?

A: Water, power, telephone, road
maintenance (repair and snow re-
moval), taxes, and network-signal
operation cxpense. After compar-
ing the costs of each proposed site
and its geographical location, pick
the best and yet the most eco-
nomical site.

Q: What steps come after selec-
tion of a good transmitter site?

A: Once the theoretical work is
complete, obtain a land option on
the site, remembering to allow
cnough space to include tower-guy
anchors. Then file with the FCC
for a television construction permit.
Once this is approved, and it may
take somec time, the building can
be planned.

The building should be located
far enough from the edges of the
property so the tower can be next

® Please turn to page 65

Fig. 4. Film island is located behind conmsoie in control room.

15



SEMICONDUCTOR APPLICATIONS
IN BROADCASTING

Fig. 1. Solid-state remote-pickup units.

In recent years transistors have
been used increasingly in broadcast
transmitters. Although thesc appli-
cations have not always been con-
cerned with the direct generation of
RF power, recent improvements in
transistor technology will permit the
design of many oscillator and low-
level stages utilizing high-perform-
ances transistors to replacc vacuum-
tubes.

At present, transistors are found
mostly in audio and remote-pickup
equipment. Here the advantages of
extreme linearity, low hum and
noisec level, and low power con-
sumption are important. In televi-
sion remote-pickup equipment, use
is made of the high circuit-density
capability of the transistor to
achieve portability. The high reli-
ability of the transistor, as com-
pared to the vacuum tube, is an
advantage in relay equipment that
must be capable of long periods of

dependable unattended operation.

Transmitter RF Design

Transistors used in RF-amplifier
applications generally offer low gain
and limited power-handling capabil-
ity. This is due chiefly to the con-
flicting requirements of narrow
base width and large junction area
for heat dissipation.

The frequency of operation is a
determining factor in the selection
of a transistor for any transmitter
RF application. In the common-
emitter configuration, the alpha
cutoff frequency is divided by the
power gain. The capabilities of the
transistor are thus limited as a func-
tion of frequency. Currently, tran-
sistors capable of direct operation
at 160 mc with power outputs of
two watts are generally available,
and varactor multipliers can be used
to provide power outputs of 10
watts at frequencies as high as 1000
mc with power inputs of 45 watts
at fundamental frequencies around
80 mc.

Because of thesc considerations
and the obvious advantages of por-
tability and low power consumption,
transmitter RF applications of tran-
sistors in broadcasting have been
concentrated in the area of remote
equipment.

Fig. 1 shows a solid-state TV re-
lay transmitter and receiver. This
equipment operates in the 2000-mc
band to provide a relay link for

by Samuel L. Marshall and
S. E. Lipsky — A look at some of the
ways in which semiconductor devices

are used in broadcast equipment.

remote and special-event cover-
age. The transmitter (Fig. 2) pro-
duces 1 watt of power output and
requires an input power of 32 watts.
The frequency chain starts with a
500-mc transistorized oscillator fol-
lowed by a four-times varactor mul-
tiplier. The receiver (Fig. 3) makes
conventional use of transistors and
features a 10-db noise figure.

Another application of transistors
in television remote-pickup equip-
ment may be found in the portable
television pack set. One such sys-
tem is comprised of three basic as-
semblies, the hand-held camera, the
viewfinder, and the back pack
(which includes the transmitter);
Fig. 4 is a block diagram of the
overall package, which is complete-
ly transistorized. In actual use, an
additional 161-mc receiver is util-
ized to add a cue channel and to
pick up a 60-cps reference signal
to maintain synchronization of the
equipment to the rest of the installa-
tion. The video signal is received
by a tracking microwave receiving
station, as shown in Fig. §.

An indication of the type of
solid-state RF design possible in
transmitting equipment may be
best illustrated by considering some
present applications of RF transis-
tors in communications equipment.
Fig. 6 is a block diagram of a 150-
mc, 15-watt FM transmitter. The
circuit starts with an 18.75-mc os-
cillator, the output of which is mul-

o -

- 1 -4

Fig. 2. Block diagram shows operation of TV relay transmitter.
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Fig. 3. Block diagram shows the stages of TV relay receiver.
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tiplied and amplified to provide a
75-mc signal source to drive a var-
actor doubler.

In general, it is desirable to ob-
tain the carrier-frequency output
from a power amplifier. However,
at high frequencies the dynamic out-
put resistance is quite low, and the
output coupling circuitry is heavily
loaded. This limits the amount of
useable power that can be trans-
ferred into the load. At a lower fre-
quency, the dynamic output resist-
ance of the transistor is higher, and
the operation is more efficient. For
this reason the varactor multiplier
finds common use. Rejection of the
fundamental signal (75 mc in this
case) is always a requirement; this
is usually accomplished by a par-
allel - resonant trap (L12-C23 in
Fig. 7).

Frequency modulation is quite
easily obtained by use of a reverse-
biased varactor placed across the
crystal. The OR gate shown in the
power-supply circuit permits over-
riding the standby voltage when the
high-voltage (40V) supply is acti-
vated for transmit. Circuits similar
to the one described here can be
found in equipment operating on
frequences as high as 235 mc.

Broadcast Studio Equipment

The transistor offers many advan-
tages for broadcast studio equip-
ment. Low noise and almost com-
plete lack of hum and microphonics
make the transistor desirable for
use in input amplifier stages for
both TV pickup equipment and
low-level audio amplifiers. The fun-
damental low impedance of the de-
vice makes transistor circuitry high-
ly compatible with audio transmis-
sion lines and low-impedance
matching networks. High reliability
and low heat dissipation offer
further advantages in console and
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Fig. 5. Complete system used with the remote camera in the diagram of Fig. 4.

viewfinder and monitor. Transistori-
zation makes this camera only
slightly larger than tube-type black-
and-white equipment. Some meas-

® Please turn to page 64

hard-to-service rack equipment.
Fig. 8 shows a fully transistorized
color TV camera. The only vacuum
tubes used are the four pickup tubes
and the display tubes used in the
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Fig. 6. This FM transmitter employs an entirely solid-state design ond delivers an output power of 15 watts at 150 me.
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AUDIO TAPE

The first installment covered
studio-type and AC-operated port-
able recorders. In Part 2, we dis-
cussed on - the - scenc battery-pow-
ered portables, examined film-sync
systems, and peered closely at cart-
ridge machines. This brings us logi-
cally to the subject of this final in-
stallment—automated audio systems.

Basic Principles of Automation

For many a radio station today,
automation means the difference
between profit and loss. All radio
automation systems use audio tape
gear in one form or another.

From the earliest days of FM
simplex, it has been considered ob-
vious that a human operator is
wasting his time performing routine
mechanical jobs, and management
is wasting money paying him sev-
eral dollars an hour for throwing
switches and cueing records. Some-
where along the line, the idea of an
automatic programming device was
born. Since then the idea has been
applied to SCA multiplex, main-
channel FM, and, more recently, to
AM. Wherever music constitutes
the major program ingredient, auto-
mation can be used successfully.

Those elements in a station’s pro-
gramming which do not change
from week to week are inserted in
the system, placed on tape, and re-
peated ad infinitum. The elements
that do change—such as spot an-
nouncements and/or promos—must
be replaced in the system each time
they change. Or they must be avail-
able in a “bank” which the system
can draw upon any time they are
scheduled. At any rate, because of
duplication in music and some com-
mercials, automating saves man-
hours and dollars.

Small System

One of the earliest and simplest
designs, still used today for limited
applications and short intervals, is
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by Thomas R. Haskett, Consulting

EQUIPMENT

Author, Haskett & Volkman, Cincinnati,
Ohio — Part 3. The conclusion of

a thorough analysis of modern sound
recorders for the broadcast industry.

the tape - controlled, nonclocked,
two-source system. The first pro-
gram source is an R-R (reel-to-reel)
transport, diagrammed in Fig. 1,
which contains voice announce-
ments. Since there is no clock, con-
trol is effected on an elapsed-time
basis. The second program source
may be another R-R transport with
a music tape, or a Seeburg changer
containing a hundred 45-rpm rec-
ords. The relay panel performs the
actual switching functions.

Originally, the silence between
announcements was used to trigger
the relay panel into the following
sequence of operations: start music-
source motor; transfer amplifier in-
put to music source; stop announce-
source motor. After a musical se-
lection, the sequence was reversed
to produce another announcement.
To prevent dead air or wowed rec-
ords, an advance head was em-
ployed on the announce transport
to sense upcoming silence, so that
the record could be started ahead of
the actual end of the announce-
ment. However, record cueing was
still a problem with the Seeburg
changer, and was generally over-
come by using a sound-operated
relay. The record was then run into
the music, backed up, and stopped
—just as a human operator would
do.

Two systems of control on the
announce tape were then developed.

Automation

programmer and

A run-in transport with an advance
head would cue itself to the next
spot, in the same manner described
above for discs. Another method
was to use a subaudible tone (usu-
ally 25 cps) on the voice tape. A
detector was installed on the con-
trol panel to respond to these 25-
cps pulses and trigger the relays.
This gave positive control of se-
quencing, and the 25-cps tone was
filtered out of program audio. Mean-
while, the silence method ran into
trouble on classical music, where
low-level passages caused dropouts
and falsing. One solution was to use
a continuous 25-cps hold-in tone
on the music tape. (Of course, this
could not be done on the Seeburg
changer.)

A belt - plus - suspenders system
was then tried, which utilized both
a 25-cps hold-in tone and a 35-cps
sequencing tone. Tones were re-
corded on the music tape at —17
dbm, using filters. This has largely
given way to the present standard—
using 25-cps (sometimes 20-cps)
sequencing cue on all R-R trans-
ports, whether music or voice. Re-
ferring again to Fig. 1, assume that
a spot is being played on Source
No. 1. At the spot’s end, the begin-
ning of the 25-cps pulse on the
announce tape triggers the relay
panel, which starts the motor of
Source No. 2 and transfers trans-
mitter audio feed from Source No.
1 to Source No. 2. Thus, following
the spot, the listener hears music.
Meanwhile, the 25-cps burst from
Source No. 1 has armed another re-
lay. The cessation of the burst fires
this relay, which opens Source No.
I's motor circuit, stopping the
transport.

Development of the cartridge
tape recorder has increased the
flexibility of automation systems.
Thus, in the basic two-source sys-
tem, the first source might be a
single cartridge unit loaded with a
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31-minute cartridge containing an-
nouncements. The second source
could be a multiple-cartridge han-
dler containing a number of musical
sclections on separate cartridges.

Medium System

More sophisticated and reliable
operation over greater time inter-
vals is possible with an intermedi-
ate system, which includes a pro-
grammer (or control), a clock, and
two or three program sources (R-R.
cartridge, or rccord changer). As
Fig. 2 shows, the programmer frces
the transports of thc necessity of
containing both control and pro-
gram material, and allows more
positive control, minimizing error.

Some programmers are self-con-
tained, automatically scnsing cues
and triggering cach sequence; others
require detectors and slave relays to
carry out these subsidiary functions.
Ordinarily, the programmer is in
charge of the system, running it on
an elapsed-time basis according to
a preset sequence of events. This
may involve presetting a number of
switches. However, at specified and
regular intervals (say, every 15 min-
utes) the clock overrides the pro-
grammer, fading audio and trans-
ferring it, bringing the system back
to real time. Motor-speed or control
errors are thereby corrected.

Some systems usc a time fader,
which merely carries out orders of
the clock regarding fading and
transferring audio. Although avail-
able separately from some firms,
this function is often included in
the clock used by others. Medium
systems usually have three pro-
gram sources; while two sources
can handle simple programming,

SOURCE #1 ANNOUNCE

threc allow variety in music and
announcements.

Programmers cost from $75 to
$3700, depending on the number
of steps they can perform, the
number of inputs they can handle,
and whether or not they include
such things as a clock, sensing and
triggering relays, ctc. Clocks cost
from $500 to $1000.

Large System

All of the above elements, plus
a few more, are used in a full sys-
tem, which can program a station
for long intervals (4, 8, or 12 hours)
with an almost “live” sound. Two
or three program sources, as out-
lined in Fig. 3, may bc devoted to
music exclusively—two for sched-
uled sclections and one for fill. Onc
source may contain a talk tape,
wherein the DJ introduces records.
Another source will, of course,
handle spot announcements.

Since the use of a clock makes
it possible to run entirely on real
time, a time announcer may be used
to inject a feeling of immediacy in
the program. This usually consists
of two transports (or a multiple-
cartridge handler) arranged so that
onec channel contains even-num-
bered minutes, while the other has
odd. A control chassis, acting upon
trigger pulses from the clock, alter-
nately cues up each deck. Hence one
deck or the other is always cued
and available for operation upon
command of the programmer. Of
course, only 30 announcements are
needed on cach transport. Mean-
while, the programmer has been
preset to call on the time announcer
at certain times during the broad-
cast day. No matter when these an-

SOURCE #2 musIC

nouncements are programmed to
occur, the time announcer delivers
the correct time. A time announcer
costs $1000 to $1500 and includes
both tape decks.

A seventh sourcc—often a cart-
ridge reproducecr—may be used for
news and other program scgments
wherein  timeliness  is  important.
These bits are recorded in another
control room and inserted in the
source, being alrecady planned in the
schedule. While this might scem a
roundabout method of getting a
newscast on the air, it’s actually the
simplest to usc in a full automation
system. The alternative is to revert
to manual control, which disrupts
the programmer’s scheduling.

Accessory Devices

Restart is, in some cases, a device
to provide an emergency sequencing
pulse in a cartridge system, if such
has been omitted through operator
crror when a particular cartridge
was recorded. It prevents endless
repeating of the same cartridge.

Another type of restart is com-
bined with the silence alarm, to get
the whole automation system going
again after a predetermined period
of dead air. This is merely a way
to bypass a faulty source. Restart
cquipment costs approximatcly
$250 and is sometimes included
with the programmer. Some silence
alarms are also available separately
at a cost of $200 or so; they simply
alert the human operator.

Sometimes, 25-cps generators (for
recording control pulses on tape)
and detectors arc built into systems;
in others, they are accessories. An
all-cartridge system doesn’t nor-
mally use 25 cps.
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Fig. 1. A simple two-source audio system for radio automation.
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Fig. 2. This medium automation system includes a programmer.
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Complex system uses R-R and cartridge.

The cross-fader is also optional
on somc systems, standard on
others. It provides ‘‘voice over”—
the mixing of voice and music from
different sources, which creates a
“live™ sound. It costs about $500.

The source alternator allows up
to four program sources to be con-
nected to a single input on the pro-
grammer. These four are then alter-
nately  sclected—started, stopped,
and switched. This feature can be
used to multiply the maximum in-
puts in an existing system.

The spot selector permits the
user 10 locate recorded spots, cither
on an R-R transport or on a mul-
tiple-cartridge  handler.  Cost  is
around $1000, including tape decks.

The network programmer allows
a network linc to be integrated with
local shows on a real-time basis,
and costs $4000 or so.

Although any automation system
can be manually overridden, the
need seldom occurs with a full sys-
tem. For onc thing, automatic re-
starts and loss-of-program alarms
make it unnccessary. Also, many
live scgments can be smoothly inte-
grated with the automated program
by recording them on cartridges and
feeding them in at preselected time
slots. Of course, there are still a
few programs that cannot be suc-
cessfully automated—telephone in-
tervicws, sports, and some special
cvents, for example. But these are
cxceptions.

Automation Systems and
Services

Radio automation companics pro-
vide one, two, or three types of
systems or scrvices, or any com-
bination. All modern systems can
handle cither mono or sterco.

The equipment package consists
of specified devices which together
will provide partial or full automa-
tion. Somectimes the package can
be modified or expanded; some-
times it can’t. Package cost varics
from $1850 to $7500. At least onc
can be leased at a monthly cost of
from $350 to $550.
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Fig. 3. Programmer-controlled, clocked, time-announced, logged—with multiple sources.
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The custom installation is cx-
tremely flexible and designed to the
client’s e¢xact specifications. Hence
the system can be simple or com-
plex. A custom job is almost always
used for full automation, especially
by AM stations. Notc that some
firms manufacture both control and
source components, while others
manufacture only control, supplying
source components from other com-
panies. Custom jobs run $5500 to
$18,000 and sometimes more.

The program or music service is
often available scparately for those
stations which alrcady possess
cquipment. Some program services
and cquipment arc designed around
cach other, however, and must be
obtained in combination. The dif-
ference between a program and a
music service is that the first con-
tains both music and talk (.e.,
music intros) while the second con-
tains only music. Generally, main-
channel service is furnished at 72
ips. while background music is at
3% ; mono is full or half-track, and
stereo is half- or quarter-track. 20
or 25 cps cuc is used. Cost varics
from $125 to $850 monthly.

Reproducers

Wherever playback only of reel-
to-reel tape is desired, reproducers
are commonly cmployed; they con-
tain mechanical and electronic com-
ponents for playback, but not for
crase or rccording. Transports are
just mechanical assemblies—no
electronics, although heads are
sometimes included. Broadcast au-
tomation systems are the major
users of both these devices, but
they can also be utilized for audi-
tion purposcs. Transports are often
purchased for special custom
installations.

Some manufacturers offer repro-
ducers, some offer transports, and
some offer both. Almost all have
the following minimum features:
Standard 19” rack mounting; Y4”
tape; 72 ips; remote control. In
addition, most have automatic shut-
off and pushbutton control of tape
motion, along with automatic re-
versing, 10%2” or 14” reel capa-
city, and hysteresis - synchronous
motor driving the capstan.

General features of reproducers
and transports are: Mono or stereo
—full, half, and quarter track on
14" tape; some can take 2" and
1”7 tape; 3, 4, and 8 channels;
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speeds from 60 to 17 ips, usually
with a choice of two adjacent
speeds: frequency response +2 db
from 30 to 15,000 cps; stereo cross-
talk 45-50 db; signal-to-noise 55
db; flutter and wow .1%; timing
accuracy .2%; one to five heads,
but usually two for reversible play:
most have threec motors. Output
ranges from 44 to +18 vu, usu-
ally at 600 ohms balanced, but some
have a cathode follower. Three
brands use transistor clectronics,
and some have illuminated push-
buttons and function lights. Prices
range from $300 to $2380.

Logging Recorders

These machines are used to re-
cord information for legal or refer-
ence purposes, where intelligence is
more important than fidelity. Long,
continuous duty is necessary. They
are usually sct up for automatic
operation, and tandem transports
are used in three of those available.

Generally, there are two types
of machines—simultaneous and se-
quential. Sequential machines re-
cord a single channel but reverse
direction at end of reel, using four
quarter-tracks on cach reel. Simul-
taneous machines record from 1 to
32 channels of information at the
same time, although some can be
switched to a sequential mode.
Tape widths are %47, 2", 17, and
2”, and speeds are usually a com-
bination of 334, 178, 15/16, or 54
ips. All machines come in rack
mount, and have a frequency re-
sponse of 300-3000 cps, harmonic
distortion about 5%, signal-to-noise
of 30-35 db, and flutter and wow
of 1%.

Reel capacity is 10%2” on most,
and maximum time per reel varies
from 8 to 34 hours. Continuous or
intermittent function is available.
voice-operated start, and switchable
VU meters for setting levels. Some
electronics sections are transistor-
ized. Newer features include illumi-
nated function lights, monitor am-
plifier and speaker, channel selec-
tor, twin power supplies with auto-
matic changeover, time-cue injected
on cue track (simultaneous models
only), and AGC amplifiers. Pricing
is $658 through $11,500.

Time-Delay Recorders

Machines in this class have this
in common: Each records and plays
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Some mojor mechanical system details of a reproducer-only reel-to-reel tape machine.

back continuously from a closed
loop of tape, using separate record
and reproduce amplifiers, making it
possible to delay program material
for a time which, in some cases, can
be varicd. Three brands arc short-
delay reverberation devices, and
threc brands are long-delay devices.

The reverberation devices permit
a time delay of from 30 to 900
msec, sometimes variable. The
usual arrangement is a single record
head and several playback heads
(often movable) arranged around a
small closed loop of tape. There arc
also tone controls, and controls for
the ratc of decay. One manufac-
turer offers a stereo model. Pricing
runs $150 through $3750, and the
usual use is to enhance the sound of
a recording or broadcast.

The long-delay devices are used
for editing of live programs in
which listeners telephone comments
and the station must protect against
objectionable language. These de-
vices are simply cartridge recorders

Logging recorder uses slow tape speed.

that have been modified for con-
tinuous use as record-playback
units. Time delay is variable from
3 seconds to 30 minutes, depending
on length of tape in the cartridge.
Cost varies from $295 to $750.

Conclusion
If any rcader wishes to pursue
further the subject of audio tape
equipment, the following books will
furnish basic theory and descriptions
of techniques and practice.

Technician Level

Burstein, Herman, and Henry C. Pollak,
Elements of Tape Recorder Circuits,
Gernsback Library, Ind., No. 67, 1957,
223 pp. $2.20.

Tuthill, C. A.. How to Service Tape
Recorders, John F. Rider, Publisher, Inc..
No. 167, 1954, 160 pp, $2.90.

Weiler, Harold D., Tape Recorders and
Tape Recordings, Audio Library, Vol.
I, Radio Magazines, Inc., 1956, 190 pp,
$2.95.

Westcott, Chas. G., and Richard F.
Dubbe, Tape Recorders—How They
Work, 2nd Ed., Howard W. Sams & Co.,
Inc.. and the Bobbs-Merrill Co., Inc.,
TRW-2, 1964, 224 pp, $3.95.
Engineering Level

Frayne. John G., and Halley Wolfe,
Elements of Sound Recording, John
Wiley & Sons, Inc., 1949, 686 pp, $12.75.
Haynes. N. M., Elements of Magnetic
Tape Recording, Prentice-Hall, Inc..
1957, 392 pp, $7.95.

Haynes. N. M., Transistor Circuits for
Magnetic Recording, Howard W. Sams
& Co.. and the Bobbs-Merrill Co., Inc.,
MTR-1, 1964, 384 pp, $9.95.

Stewart, W. Earl, Magnetic Recording
Techniques, McGraw-Hill Book Co.,
Inc., 1958, 272 pp, $9.00.

Miscellaneous

Bibliography of Magnetic Recording
1900-1953, Sound Talk Bulletin No. 29.
Magnetic Products Division, 3M Co,,
August 1964.

Hadady, R. E., Bibliography of Magnetic
Recording 1954-1961 Inclusive, Kinelogic
Corp., 1963, 19 pp. $2.00. A
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REVIEW OF VECTOR
COMPUTATION

Anyone who is seriously engaged
in electronics has occasional en-
counters with vectors, either when
reading technical literature or when
solving technical problems. Those
whose need to use vectors is infre-
quent often find that when the need
arises their knowledge of the sub-
ject is somewhat “rusty.” Here, then,
is a review of the principles of vec-
tor computation that should prove
helpful in clearing away the hazy

spots.
What Are Vectors?

There are more rigorous mathe-
matical definitions of a vector, but
the following one is sufficient for
most practical purposes: A vector
is a quantity that possesses both
magnitude and direction. Vector
quantities include such things as
force, velocity, and acceleration.
(A scalar quantity has magnitude
only.)

It is often necessary to have a
graphical representation of a vector
quantity. One cannot draw a pic-
ture of “velocity” or “force,” so a
symbolic representation is needed.
An arrow is the logical choice; its
direction represents the direction of
the vector, and its length represents
the magnitude. In common usage,
the arrow itself is also called a vec-
tor.

It is convenient to specify vec-
tors in terms of some coordinate
system. When the tail of the arrow

Fig. 1. Arrow represents vector quantity.
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by James M. Moore —A review of whot

vectars are and how they are used in

calculatians.

Fig. 2. Doshed curve is sum of others.

is placed at the origin, the coordin-
ates of the head end identify the
length and direction of the vector

(Fig. 1).

Vectors Representing
Electrical Quantities

When a person deals with AC
electrical circuits, many calculations
involve quantities that can be rep-
resented mathematically by sine
curves. However, sine curves are
rather cumbersome with which to
work. For instance, if the two solid
sine waves in Fig. 2 are to be added,
enough instantaneous sums must be
found to plot accurately the result-
ant curve—and the addition of two
sine-wave quantities is one of the
simplest AC-circuit problems. Some
more convenient representation of
the auantities is needed.

Assume that a vector, A in Fig.
3, rotates (with its tail fixed at the
origin) in a counterclockwise direc-
tion. Then suppose that the length
of the vertical projection of A is

plotted as a function of angle 6.
The result is a sine wave, as shown
at the right in Fig. 3. Thus a sine
wave can be represented by a ro-
tating vector.

From the foregoing it follows that
two sine curves on the same coord-
inate axes can be represented by two
rotating vectors, as in Fig. 4. At the
instant of time depicted in Fig. 4,
the vertical projection of vector A
is y, and the vertical projection of
vector B is zero. After vector B ro-
tates through the angle B, its pro-
jection will be y. Thus the angle B
represents the phase difference be-
tween the two sine waves; vector A4
in this case leads B, or B lags A.
The lengths of the vectors repre-
sent the peak amplitudes of the sine
waves. The drawing at the left in
Fig. 4, which shows the vectors
stopped at some instant of time, is
a vector diagram of the sine-wave
quantities depicted in the right-hand
portion of the figure. The value of
this simple vector representation
is that mathematical operations can
be performed on the vectors much
more easily than on the sine waves.
The vectors resulting from these
operations represent the sine waves
that would result from performing
the same operations on the original
sine waves.

In order for the vector diagram
to be useful, all the vectors must be
stopped in rotation at the same in-
stant. Furthermore, they must all be

Fig. 3. Sine wave generated by plotting the vertical projection of a rotating vector.

BROADCAST ENGINEERING



rotating at the same angular velocity
(and in the same direction—coun-
terclockwise is standard); that is,
the sine waves must be of the same
frequency. And, of course, the elec-
trical quantities involved must vary
in a sine-wave manner. For con-
venience, one of the vectors in the
diagram is usually taken as a refer-
ence, and the phase angles of the
other vectors are measured relative
to this vector.

The arrows used in this manner to
represent sine-wave quantities are
not vectors in the sense that arrows
representing weight or wind velocity
are vectors. For this reason, some
authors prefer to call the former
“phasors.” The term “vector,” how-
ever, has been used in this sense so
long and so universally that this
usage will be adhered to in the dis-
cussion that follows.

Vector Notation

For identification purposes, vec-
tors are often represented by bold-
face or italic letters. The absolute
value of a vector, A4, (that is, its
magnitude) is often represented by
the symbol, |A|. Other symbols are
used in vector algebra of a more
advanced nature than is discussed
here.

It is frequently desirable to rep-
resent vector quantities in numeri-
cal terms so that computations can
be performed. Where multiplication
or division is involved, the vectors
are usually written in the form,
rLO, where r and 0 are defined as

shown in Fig. | for each vector in
the diagram. This polar form of no-
tation, however, does not lend itself
to vector additiori and subtraction.

A vector can also be defined in
terms of the vertical and horizontal
coordinates of its head end (in other
words, the horizontal and vertical
components of its length). Thus in
Fig. 5, the horizontal distance, a,
and the vertical distance, b, define
the vector, A.

When writing the numerical value
of the vector, some way must be
found to differentiate between the
horizontal and vertical components.
To explain how this is done, it is
necessary to introduce the operator
j. This operator, by definition,
causes a vector to rotate 90° in a
counterclockwise direction (Fig. 6).
The vertical component of a vector
can be treated as a horizontal com-
ponent that has been rotated 90°

February, 1965

Fig. 4. Vector diagram at left serves to
represent sine woves shown at the right.
by the application of the operator j.
The vector in Fig. 5 would thus be
written in rectangular form as:
a + jb. This form of notation
amounts to describing a vector as
the sum of two vector components
lying along the coordinate axes.
(The relationship of a vector sum
to its components will be developed
later.)

Note in Fig. 6 that two successive
applications of the operator j cause
180° rotation of the vector. There-
fore, » = —Il,and j = V —1.
Numbers that can be written in the
form a + )b, where j = \/—1, are
complex numbers; therefore, in com-
putations vectors are subject to the
mathematical rules applicable to
complex numbers,

It should be observed that im-
pedance and admittance may also be
represented as complex numbers.
These quantities are simply the
numbers that properly relate the
voltage and current in a given cir-
cuit. That is, the impedance of the
circuit is the number that must be
divided into the voltage to yield the
current that actually flows in the
circuit (or multiplied by the current
to give the voltage). Impedance is
not a vector quantity like voltage
and current, but all these quantities
can be represented by complex num-
bers which follow the same mathe-
matical rules. Thus voltages can be
added to voltages, impedances can
be added to impedances, currents
can be multiplied by impedances,
etc.

Fig. 5. Vector is defined by components.

Vector Algebra

The basic algebraic operations
(addition, subtraction, multiplica-
tion, and division) can be performed
on vector and complex quantities.
It is only necessary to choose the
proper form of notation and then
to apply the appropriate rules.

Addition and Subtraction

The sum of two vectors repre-
senting electrical quantities is de-
fined in a manner analogous to
the resultant of two force or veloc-
ity vectors. As shown in Fig. 7A,
the sum of vectors 4 and B is a
third vector, C, determined by the
indicated diagonal of a parallelo-
gram having A and B as sides.

Vectors may be added graphical-
ly; the result is found by measure-
ment from a scale drawing. The
method of Fig. 7A or the simpler
construction shown in Figs. 7B and
7C may be used. The latter two
diagrams illustrate an important
fact: The order in which vectors
are added, regardless of the method
used, does not affect the result.

To add three vectors by the
graphical method, first find the sum
of two of the vectors. The third vec-
tor is then added to this result. The
method can be extended to the ad-
dition of any number of vectors.

Graphical solutions are frequent-
ly too cumbersome or inaccurate for
use in practical problems, and the
algebraic methods described in the
following paragraphs are more wide-
ly used.

Vector quantities are written in
rectangular form when addition is
to be performed. If vector 4 in Fig.
7is 6 + j3 and vector B is 2 + j4,
their sum is found as follows:

6 + )3

2 + )4

8 + )7
This result is, of course, vector C.
The sum is equal to the algebraic
sum of the real parts (in this case

A A

/_"'\

P

i
e

| [R5

PAZ A A
v

Fig. 6. Results of applying operator |.
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(A) Definition of sum

(B) Simpler construction

(C) Alternate construction

Fig. 7. The two vectors may be added in either order without affecting the magnitude or direction of their sum.

6 +2 = 8) plus the algebraic
sum of the j parts (j3 + j4 = j7).
As a further example, three vectors
are added as follows:
347
—6 + 9
2 -5
—1 +jll
Any number of vectors can be
added in this way.

To subtract two vectors, simply
rotate one of them through 180°
and add. (Multiplication by j*, or
— 1, has been shown previously to
be equivalent to rotating the vector
through 180°.) For example, the
vector 5 + j3 is subtracted from the
vector 3 + jS as follows:

(3 +§5) — (5 + j3)
=@B+i5+(-5-j3)
=—-2+4+7j2

This computation is shown graphi-
cally in Fig. 8.

Multiplicotion ond Division

Vector and complex quantities
can be multiplied or divided in
either the rectangular or polar form,
although the latter is generally used
because it is more convenient. The
product of two complex <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>